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Abstract

Background—Annual influenza vaccination is recommended for all persons =6 months. The
objective of this study is to assess trends in racial/ethnic disparities in influenza vaccination
coverage among adults in the United States.

Methods—We analyzed data from the 2007-2012 National Health Interview Survey (NHIS) and
Behavioral Risk Factor Surveillance System (BRFSS) using the Kaplan-Meier survival analysis
procedure to assess influenza vaccination coverage by age, presence of medical conditions, and
racial/ethnic groups during the 2007-08 through 2011-12 seasons.

Results—During the 2011-12 season, influenza vaccination coverage was significantly lower
among non-Hispanic blacks and Hispanics compared with non-Hispanic whites among most of the
adult sub-groups, with smaller disparities observed for adults 18-49 years compared to other age
groups. Vaccination coverage for non-Hispanic white, non-Hispanic black, and Hispanic adults
increased significantly from the 2007-08 through the 2011-12 season for most of the adult sub-
groups based on NHIS (test for trend: p<0.05). Coverage gaps between racial/ethnic minorities
and non-Hispanic white persisted at similar levels from the 2007-08 through the 2011-12 season,
with similar results from NHIS and BRFSS.

Conclusions—Influenza vaccination coverage among most racial/ethnic groups increased from
the 2007-08 through the 2011-12 seasons, but substantial racial and ethnic disparities remained in
most age groups. Targeted efforts are needed to improve coverage and reduce disparities.
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Introduction

Methods

Annual influenza epidemics typically occur during the late fall through early spring in the
United States. Influenza is a major cause of morbidity and mortality among adults in the
United States (1-6). Between the 197677 season and 2006—07 season, estimated annual
deaths attributable to influenza ranged from 3,000 to 49,000 each season (2). The economic
impact of influenza illness is substantial. One national study estimated the annual economic
burden of seasonal influenza in the United States to be $87.1 billion, including $10.4 billion
in direct medical costs (7).

Since the 2010-11 influenza season, the Advisory Committee on Immunization Practices
(ACIP) has recommended annual influenza vaccination for all persons 6 months of age and
older. Prior to 2010, adult groups recommended for annual vaccination included persons 50
years and older, pregnant women, persons 18-49 years with medical conditions associated
with higher risk of complications from influenza infection, health care personnel, and close
contacts of high risk persons (8). Healthy adults 18-49 years who were not close contacts of
persons at high risk were added to those recommended for annual vaccination beginning in
the 2010-11 season (3).

Mortality and morbidity associated with influenza are substantial, particularly among the
elderly and those with chronic conditions who are most at risk for secondary infections.
Annual vaccination is the most effective strategy for preventing influenza (3, 5-23).
Vaccination coverage has been suboptimal, and racial/ ethnic disparities in influenza
vaccination coverage have been documented (3, 24-31). To assess the level and trend of
racial and ethnic disparities in influenza vaccination of adults, we analyzed 2007-2012
National Health Interview Survey (NHIS) and Behavioral Risk Factor Surveillance System
(BRFSS) data.

The BRFSS and NHIS are two primary data sources used to monitor influenza vaccination
coverage among adults (25-32), with NHIS providing national estimates used to monitor
progress toward national Healthy People 2020 objectives (33), and BRFSS for more timely
national and state-specific estimates (34). BRFSS has larger sample size and thus provides a
more detailed examination of racial/ethnic groups. These surveys differ in their sampling
design, mode of administration, response rates and other methodological aspects. We
examine racial/ethnic disparities using both data sources and provide a synthesis of evidence
on disparities using both data sources.

We estimated influenza vaccination coverage among adults using 2007-2012 NHIS data and
2007-2012 BRFSS data. We did not use the annual BRFSS public release data, but monthly
or quarterly weighted files created by CDC for more timely estimates of season-specific
influenza vaccination coverage. The NHIS is a national cross-sectional household survey
conducted annually by the Centers for Disease Control and Prevention (CDC) to provide
estimates of health indicators, health care utilization and access, and health-related behaviors
(30, 35). The survey samples civilian, non-institutionalized populations living in the United
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States at the time of the survey. Multistage probability samples of households are selected
weekly throughout the year, and face-to-face interviews are conducted. Weights are based on
design, ratio, non-response, and post-stratification adjustments (sex, age, race/ethnicity). The
BRFSS is a continuous, population-based telephone survey conducted by state health
departments in collaboration with the CDC to collect uniform, state-specific data on self-
reported preventive health practices and risk behaviors that are linked to preventable
infectious diseases, chronic diseases, and injuries. Non-institutionalized adults =18 years are
randomly selected using a multistage cluster design. Data are collected monthly in all 50
states and D.C. and are weighted by age, sex, and, in some states, race/ethnicity, to reflect
each area’s estimated adult population (36). Beginning in 2011, surveys included landline
and cellular telephone households and used a new method for weighting (37).

For NHIS survey, respondents were asked “During the past 12 months, have you had a flu
shot?” and “During what month and year did you receive your most recent seasonal flu
shot?” “The seasonal flu vaccine sprayed in the nose is also called FluMist™. During the
past 12 months, have you had a seasonal flu vaccine that was sprayed in your nose?” and
“During what month and year did you receive your most recent seasonal flu vaccine that was
sprayed in your nose?” For BRFSS, prior to 2011, influenza vaccination questions were
worded similarly as for NHIS; starting from 2011, BRFSS respondents were asked “During
the past 12 months, have you had either a seasonal flu shot or a seasonal flu vaccine that was
sprayed in your nose?” and “During what month and year did you receive your most recent
flu shot injected into your arm or flu vaccine that was sprayed in your nose?”

Compared to BRFSS, the NHIS collects more information regarding high-risk conditions to
enable categorization of adults who had health conditions that put them at high risk for
complications from influenza (34). For respondents included in the NHIS samples, we
defined high-risk persons as individuals who self-reported one or more of the following: ever
being told by a physician they had diabetes, emphysema, coronary heart disease, angina,
heart attack or other heart condition; being diagnosed with cancer in the past 12 months
(excluding non-melanoma skin cancer) or ever being told by a physician they have
lymphoma, leukemia or blood cancer; during the past 12 months, being told by a physician
they have chronic bronchitis or weak or failing kidneys; or reporting an asthma episode or
attack in the past 12 months. For respondents included in the BRFSS samples, we defined
high-risk persons as individuals who self-reported they had diabetes, asthma, myocardial
infarction, and coronary heart disease, the relevant medical conditions collected by BRFSS.

We assessed influenza vaccination among adult populations and stratified by race/ethnicity.
To better assess influenza vaccination coverage for each season, we reported coverage
restricted to individuals interviewed during September through June, and vaccinated during
August through May, using the Kaplan-Meier survival analysis procedure (34). For example,
for the 2010-11 season, interviews during September 2010 through June 2011 were analyzed
to estimate influenza vaccination received during August 2010 through May 2011. For the
2007-08 season, 2008 BRFSS interviews from January-June 2008 were used since month
and year of vaccination was first added to BRFSS in the 2008 BRFSS data. For the 2009-10
season, interviews from October 2009 through June 2010 were used. Vaccination month was
used to define the “event” variable and interview date to define the “censoring” variable of
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the Kaplan Meier procedure. Tests for linear trend were performed using a weighted linear
regression on the season-specific estimates using season number as the independent variable
and weights as the inverse of the estimated variance of the estimated vaccination coverage.
Racial/ethnic differences within each group were assessed with t-tests. All analyses were
weighted to reflect the age, sex, and race/ethnicity of the U.S. non-institutionalized, civilian
population. Vaccination month and year were imputed for individuals who did not report
their month and year of vaccination (range by season was 3.0-5.0% for NHIS and 3.5-7.3%
for BRFSS). All tests were 2-tailed with the significance level set at a<0.05. SAS and
SUDAAN (Software for the statistical analysis of correlated data, Research Triangle
Institute, Research Triangle Park, NC, version 10.01) were used to calculate point estimates
and 95% confidence intervals (CIs).

Overall, among adults >18 years, influenza vaccination coverage in the 2011-12 season
based on NHIS was 42.4% for non-Hispanic whites, 34.0% for non-Hispanic blacks, 28.3%
for Hispanics, 42.3% for American Indian and Alaska Natives (AIAN), 42.0% for Asians,
and 34.2% for other or multiple races; based on BRFSS, coverage was 41.9% for non-
Hispanic whites, 32.7% for non-Hispanic blacks, 29.4% for Hispanics, 37.3% for AIAN,
42.6% for Asians, and 33.9% for other or multiple races (Table 1).

During the 2011-12 season, overall among adults =18 years, the gap in influenza vaccination
coverage between racial/ethnic minorities and non-Hispanic whites (minorities minus non-
Hispanic whites) ranged from —14.1 to 0.1 percentage points based on NHIS, and -12.5 to
0.7 percentage points based on BRFSS (Table 2).

During the 2011-12 season, vaccination coverage was significantly lower among non-
Hispanic blacks and Hispanics compared with non-Hispanic whites as measured by NHIS
and BRFSS for most age groups (NHIS: =18 years, 18-64 years, 18-64 years without high-
risk conditions, 50-64 years, and =65 years for non-Hispanic blacks, all age groups for
Hispanics (Table 1-2, Figure 1); BRFSS: all age groups for non-Hispanic blacks, all age
groups for Hispanics except for =65 years) (Table 1-2). Vaccination coverage was similar for
AIAN, Asians, and other or multiple races compared with non-Hispanic whites as measured
by NHIS and BRFSS for most age groups (NHIS: all age groups for AIAN, all age groups
except for 18-49 years, and 18-64 years without high-risk conditions for Asians, all age
groups except for =18 years for other or multiple race; BRFSS: all age groups except for
18-49 years and =18 years for AIAN, all age groups except for 18-49 years for Asians, all
age groups except for =18 years, 18-64 years, and 18-64 years without high-risk conditions
for other or multiple race) (Table 1-2).

Overall, among adults =18 years, during the 2011-12 season, the BRFSS estimate was
similar to the NHIS estimate, with a percentage point difference of (BRFSS minus NHIS)
-0.4%. Percentage point differences between BRFSS and NHIS estimates among all adults
>18 years by racial/ethnic groups ranged from —5.0% to 1.1%. Percentage point differences
between BRFSS and NHIS among other adult age groups by racial/ethnic groups ranged
from —14.5% to 8.8% (Table 1). Among age and high-risk groups, percentage point
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differences between BRFSS and NHIS estimates were statistically significant for adults aged
18-49 years (percentage point difference: 1.5%, p<0.05), and =65 years (percentage point
difference: —5.2%%, p<0.05) (Table 1). Among racial/ethnic groups, percentage point
differences between BRFSS and NHIS estimates were statistically significant for non-
Hispanic white adults aged 18-49 years (percentage point difference: 2.0%, %, p<0.05),
50-64 years (percentage point difference: —2.4%%, p<0.05), and =65 years (percentage point
difference: —6.1%%, p<0.05) (Table 1). Percentage point differences between BRFSS and
NHIS estimates were not statistically significant for non-Hispanic blacks, Hispanics, AIAN,
Asians, and other or multiple races (Table 1).

As measured by NHIS, vaccination coverage for non-Hispanic white, non-Hispanic blacks,
and Hispanic adults significantly increased by a per season average of 1-2 percentage points
from the 2007-08 through the 2011-12 seasons for most age groups aged <65 years (test for
trend: p<0.05) (all age groups except for =65 years and 18-64 years with high-risk
conditions for non-Hispanic whites; =18 years, 18-64 years, 18-49 years, and 18-64 years
without high-risk conditions for non-Hispanic blacks; =18 years, 18-64 years, 18-49 years,
and 18-64 years without high-risk conditions for Hispanics) (Table 3, Figure 1). Vaccination
coverage for Asian adults significantly increased by a per season average of about 3
percentage points increases from the 2007-08 through the 2011-12 seasons for adults aged
18-49 years, and 18-64 years without high-risk conditions (test for trend: p<0.05) (Table 3).
As measured by BRFSS, test for trends by race/ethnicity were not statistically significant
except for a 2.5% average per season decrease among non-Hispanic white adults aged =65
years and 1.3% average season increase among Asians aged 18-64 years without high-risk
conditions (Table 3).

During the 2007-08 through the 2011-12 seasons, coverage gaps between racial/ethnic
minorities and non-Hispanic whites did not significantly change as measured by NHIS and
BRFSS for most age groups (test for trend: p>0.05) (NHIS: all age groups for non-Hispanic
blacks, Hispanics, and other or multiple races, all age groups for Asians except for 18-49
years; BRFSS: test for trends by gaps between racial/ethnic minorities and non-Hispanic
white were not significant except for those 50-64 years for Hispanics) (Table 4).

Discussion

Our findings showed that, by the 2011-12 season, racial/ethnic disparities in influenza
vaccination among adult populations remained although vaccination coverage among non-
Hispanic white, non-Hispanic black, and Hispanics significantly increased during the
2007-08 season through 2011-12 season for most age groups. Among most adult sub-groups
examined, smaller disparities in the 18-49 year age group were observed compared to other
age groups. Compared with non-Hispanic whites, vaccination coverage is particularly lower
among non-Hispanic blacks and Hispanics. Coverage for the 2011-12 season was higher
compared to non-Hispanic whites for several racial/ethnic and age subgroups (Asians 18-49
years based on NHIS and BRFSS, Asians 18-64 years without high risk conditions from
NHIS, and American Indian and Alaskan Natives 18-49 years from BRFSS). Among each
racial/ethnic group, vaccination coverage varied by age group and high-risk conditions status
in a consistent manner.
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Overall, coverage among all racial/ethnic groups remains suboptimal. By the 2011-12
season, influenza vaccination coverage among all adults =18 years by racial/ethnic groups
was 28-42% based on NHIS, and 29-43% based on BRFSS, which were substantially below
Healthy People 2020 goals of 70% for adults aged =18 years (33). The universal vaccination
recommendation eliminates the need to determine whether each person has one or more
specific indications for vaccination and emphasizes the importance of preventing influenza
among persons of all ages (3). Monitoring of annual influenza vaccination coverage among
adults =18 years by race/ethnicity is important to assess the impact of the vaccination
program and to focus efforts on groups with lagging coverage.

Previous research shows significant racial/ethnic disparities in influenza vaccination
coverage among adults (25, 27-30, 38). We found that vaccination coverage among most
adult sub-groups that were analyzed was significantly higher among non-Hispanic whites
compared with non-Hispanic blacks and Hispanics. Gaps in coverage are long-standing and
likely result from a combination of factors, including differences in: socio-demographic
characteristics, patients and provider attitudes toward vaccination, awareness of
recommendations, systems used in clinics serving different patient populations, preventive
care, propensity to seek and accept vaccination, and quality of care received by racial/ethnic
populations (3, 28, 29, 39-43). Broad use of interventions to remove barriers to access and to
make offering of vaccination in health care and other settings a routine practice are
important components of efforts to reduce these disparities (43, 44). Efforts to reduce
disparities may be most important for older adults given smaller disparities in adults 18-49
years.

The CDC publishes influenza vaccination coverage estimates among adults from several
data sources, including NHIS and BRFSS (32, 34). For adults, BRFSS estimates provide
timely national and state-specific estimates that are available by the time the next influenza
vaccination campaigns begin. The National Health Interview Survey (NHIS) provides
national estimates used for monitoring Healthy People 2020 objectives (33) but is less timely
than BRFSS. The NHIS is a national household survey conducted mostly by face-to-face
interviews with higher response rates (60-70%) than the BRFSS, a telephone survey with
lower response rates (50-60%) (35, 36). The NHIS provides a more complete set of high-risk
conditions and has provided season-specific estimates using self-reported month and year of
most recent influenza vaccination since 2005, while BRFSS has provided these estimates
since 2008.

There were few statistically significant differences in estimated influenza vaccination
coverage between NHIS and BRFSS among the racial/ethnic, age and risk groups examined,
although 95% confidence intervals for differences were wide for some racial/ethnic and age/
risk combinations, particularly for AIAN, Asians and Multiple race/others. However, a very
similar level and pattern of differences in influenza vaccination coverage between racial/
ethnic groups compared to non-Hispanic whites was observed based on both BRFSS and
NHIS. The NHIS provides a means to assess the potential validity of estimates from more
timely data sources. BRFSS estimates among age groups often followed the NHIS pattern,
except for adults > 65 years in recent seasons, where BRFSS estimates were lower. While
NHIS estimates for adults =65 years appear stable in recent seasons aside from a dip during
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2009-10, BRFSS estimates for this age group indicate a possible decline, with estimates of
74% for 2008-09, 67% for 2010-11, and 65% for 2011-12 (32). However, both data sources
indicate coverage in older adults is 65-70% with much room for improvement. Ongoing
comparisons of NHIS and other sources of influenza vaccination coverage over several
seasons are needed. These comparisons will provide a better assessment of the validity of
signals in trends and disparities identified from other data sources. Factors that may
contribute to the differences in estimated coverage between NHIS and other data sources
include a more representative sample frame and higher response rates for NHIS, survey
mode (in-person for NHIS, telephone or internet for others), and differences in survey
operations and weighting procedures. Starting in 2008, BRFSS began sampling persons in
households with only cellular telephone service in each state to the landline telephone
sampling frame (34, 45). Beginning in 2011, BRFSS included both landline and cellular
telephone households in final data sets. The 2011-12 estimates from BRFSS in this report
were based on data from this dual frame design, and thus may affect coverage estimates (34,
45).

Our study is subject to several limitations. First, influenza vaccination status and high-risk
conditions were self-reported and were not validated with medical records. Second, for the
2009-10 season when both seasonal vaccine and monovalent pH1IN1 vaccines were
available, it is possible that some persons may have confused receipt of pH1N1 vaccination
and seasonal influenza vaccination, with potential for over- or under-estimation of coverage
for seasonal vaccine in 2009-10. Third, information was not available for some high-risk
conditions in BRFSS identified by ACIP. Finally, our study is not further stratified or
adjusted in multivariable analysis for the racial/ethnic disparities by socio-demographic
variables.

Vaccination coverage in all groups recommended for vaccination remains suboptimal.
Substantial improvement in annual influenza vaccination of recommended groups is needed
to maximally reduce the health impact of influenza. It is important to continue to monitor
vaccination coverage levels and racial/ethnic disparities over subsequent influenza seasons.

To improve coverage and eliminate disparities in adult influenza vaccination, evidence-based
interventions are needed, including the use of reminder/recall systems, standing orders for
vaccination, regular assessments of vaccination coverage levels among provider practices,
vaccination registries, improving public and provider awareness of the importance of
vaccinations for adults, public financing of recommended vaccines, and most importantly,
identifying where vaccination coverage levels are low and using the information to target
interventions (3, 46).
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Figure 1. Influenza Vaccination Coverage, U.S., Persons Aged = 18 Years, by Race/Ethnicity
(Source: National Health Interview Survey, the 2007-08 to 2011-12 seasons)

Am J Infect Control. Author manuscript; available in PMC 2018 February 22.



Page 12

Luetal.

(91T '0°02-) T'9-

(eot'tL) 9T
(8'2'08-) T0-
(89'%'2-) €0-

(0vT '8'€T-) T0
(0ot 'gs-)TC
(L8'Lv-)0C
(£'9'55-) 90

(9've 'z'sz-) €'0-
(e'9T'5€T-) ¥'T
(TzT'ser-) L0-
(6'9 '6'91-) 0°'G-

(8L'21-)¢€0
(§5's0-)G¢
(8v'2T-)8T
(6€LT-)TT

(zs'0g-)T0
(92 ‘Tv-) 80-
(cz'9e-) Lo-
FT'0v-) €T~

e (T0="LY-) V2=

xLE'E0)0T
(6'T'6°0-) S0
(80'8'T-) 50-

(To‘Tv-)0C-
L« (82T0)ST
(L1'20-)50
(90'v'1-) ¥'0-

¥9-0S

68T

¥9-81

8T<

dnoub 3s1-ybiy pue aby

SIHN - SS444g ‘PajeulddeA Jusdiad ul sdualsylq

(Tog‘eve) 112

(L05 ‘Lve) g2y
(5'99 '8'25) 9'65
(9Lv'9L8) vy
(s0e'2€2) 692
(L'eg '8'L2) 908
(89e ‘zTE) BEE
€8.'6=N

(rvv '8TE) L°2€

(L¥5'87E) Ty
(912219 ¥'19
(125 '6'9€) ¥'9v
(6'ev '8°0€) 6'9€
(e'sv 'v've) 9'6€
(Lv'gLe) 9z
708'7=N

(L'8€ '6°0€) L'¥€

(065 ‘T'8€) 0°'8Y
(T'69 '9'05) 2'65
(505 ‘'9¥€) T2y
(28 '5°0€) ¥'vE
(9'6€ 'e'2€) 8'GE
(6'0v ‘6'€€) €28
125'9=N

(T9z'922) €2

(eev '8'vE) 6'8€E
(189 ‘T'85) T'€9
(6'0v ‘g'€€) T'LE
(592 '6'¢e) 9'vC
(582 ‘'€'52) 6'92
(0°TE '8'L2) ¥'6C
2T7'Te=N

(622 'v'¥2) 192

(e'9v ‘e'6E) Loy
(926 'v'19) ¥'vS
(sev'0'8e) Loy
(s22'9€2) 5S¢
(7'1€ '2'82) 8'62
(eve'zie) L2e
L79'0€=N

(Tee '8'1E) ¥'2e

(067 ‘Tov) 9Ly
(029 '5'59) 2'99
Sy '6'ey) L'ey
(6'0¢ ‘7'62) T'0E
(9'ge 'g've) 0'Ge
ey 'viv) 6'Ty
067'68Z =N

(0'T€ '6'62) ¥'0€

(s9v ‘0vv) TSy
(£'99'T'79) 6'79
(Sev'6'Th) L2y
(z62'082) 982
(Leg'gee) Tee
(c6€ 'v'8e) 888
005'29€ =N

SUuOIIPUod
sH-yB1y INoyum 9-8T suosiad

U092 YS1-YBIY YHM £9-8T SuosIad

G9<
¥9-0S
6v-8T
¥9-8T

8T<

dno.b xs1-ybiy pue sby
SS44g ‘PaleUIdIBA JusdIed

(e'7€ ‘'S'6T) 0°92

(z'19'z62) 29y
(788 ‘T'8%) 569
(L'29'8'28) 9'9y
(rve 'e'81) €'GC
(288 '0'v2) L'0E
(T'1v '1'82) 2T'VE

(rov ‘L2e) v'oe

(6'65 ‘v'S€) 6'97
(c6L'8T9) L°0L
(€95 ‘e'L€) €9
(56€ ‘5°0€) 8'v€
(9Tr '6'€€) 9'L€
(L'sv'9'ge) oz

(8'2r '8vT) 6'5C

(S'v8'z'0v) 529
4
(2'69'9'22) v'ev
(56 '6'02) 0°€E
(T°05 '9'52) §'9¢
(Svs'81e) €2

(852 '902) T'€T

(6'v¥ ‘v'0g) T'LE
(899 ‘7'7S) 09
(6'€v 'L'0€) 6'9€
(Sve'86T) T'2C
(Liz'LzaTse
(L'0g ‘0'92) £'82

(622'922) TS

(6'€S ‘'T'ev) €8
(6€9 '5'25) 785
(0'sv 'v'9g) 9'0v
(z62'9°€2) €92
(0°€e '1°82) §°0€
(79 '8'1€) 0'vE

(e'ee 'v'0g) 8'1€

8y 'T'ey) Z'sy
(vl 'ToL) eeL
'8y '0'vy) TV
(L'62'9'92) T'82
(8'5€ '2°€8) SvE
(9ev ‘210 V'2y

(8°0€ '2'82) 162

(e'Lv'sev) 6'vy
(022 '2'89) T'0L
(9'9v '8'2h) L'vy
(z'82'092) T'L2
(9ee‘91E) 928
(z'ov 'e'8e) z'6€

SUOIIPUOD
st-ybiy Inoym y9-gT suosiad

SUORIPUOD SS-YBIY UM $9—8T SuosIad
§9<
¥9-0S
68T
¥9-8T
8T<

8¢=N 1€9'T=N €€T=N 9G.'7=N 196'€=N 2€0'9T=N 1v6'92=N dnoub su-ybiy pue sby
SIHN ‘PaleuIddeA Jusdlad
1D %56 % 1D %56 % 1D %56 % 1D %56 % 1D %56 % 10 %56 % 1D %56 %
Jay10/a0ed ajdiyIniA ueIsy NVIV oluedsiH 3oe|q oluRdSIH-UON  8Mym dluedsiH-UoN 4

Sa1els

palluN ‘Uosess ezuan|jul ZT-TTOZ ‘$924N0S BIep PUe ¢ANIuLa/ael |, snyels Xsu-ybly ‘abe Aq sieak g1z synpe Buowre , a6e1aA09 UOITEUIDIBA BZUSN|HU]

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Am J Infect Control. Author manuscript; available in PMC 2018 February 22.



Page 13

Luetal.

"SIHN pue SS4yg usamiag suosuedwod Joy 1se1 1 Aq G0°0>d
*

x

"0€ > 9zIs a|dwes 10 9,0 < 10113 PIBPUE]S dAITR[] 0} 9NP 3|qe1|aJ 8 Jou Aew Emc_:mm_§
" JaY10,, se paziiohared asam el ajdiinw pauodas oym Jo ‘adel ,Jaylo,,

91aM OUM ‘I3pUEJS| J1J198d JaUI0 IO UBIIEMEH BAITRU 818M OYM S}HNP. ‘SS4¥g 104 ., Jay10,, Se paziiobajed a1am suoseal Jaylo 1o Ajljennuspijuod juspuodsal 0} anp ,,8|qeses|al,, Jou Sem aJeJ 8Iaym suosiad

1o sagel a|dinw Jo suosiad ‘S|HN 104 "d1uedSIH-UOU PalapIsu0d alam |[e (NVIV) @AITeN BYSe|y//uBlpu] UBdLIBWY 1O ‘URISY ‘Ye|q ‘UM a1am Oym S}npy "adel Aue Jo aq ybiw dluedsiH aiam oym S_zu<w.
*95easIp 1eay AIeuoiod pue ‘UonoJeUl [eIpJedoAwW ‘ewyise ‘SalageIp pey oYM S)npe Sapnjoul SS4g Uo paseq uoniuysp %su-ybiH syiuow g1 Buipsdaid ayy Burinp xoene Jo sposids ewyise ue

Bunodal (1 10 ‘sAsuppy Buijre) 1o Meam Jo siIyduoiq d1uoIyd aney Asyy ueldisAyd e Aq pjor Buiaq (g ‘syuow ZT snoinsid ayr Burinp Jaoued poojq Jo ‘erwaxna] ‘ewoydwA| aney Ay ueldisAyd e Ag pjol Buiag
J9A3 10 (J92URD UIYS BWOURIBWUOU Bulpnjoxa) syiuow gt Buipadaid ayi Burinp Jaoued Jo sisoubelp e Buiaey (z ‘UonIpuod 1eay Jaylo Jo yoene ueay ‘eulbue ‘aseasip Leay Areuolod ‘ewassAydws ‘salaqelp
pey Aayy ueldisAyd e Aq pjol Buiag Jans (T :Buimoljoy 8yl Jo alow 1o auo papiodal-4|as suolealjdwod parejal-ezuanjiul 10y st ybiy ye Buiag se paziiobiares synpe eyl st SIHN U0 paseq uoniulep v_m:.;m_IqN

"2102 Ae ybnoayl TT0g IsnBny Buiinp pan1adal uoireulddeA pue ‘g1z aung ybnoayl TT0z Jequisldas Burinp pajonpuod SMaIAIBIUL UO paseq aJe Saewns3
¥

(06'89-)TT (18'T9-)¢eT (e€z'L'S-) 88 ev'6T-)TT (Tv'ez-) 60 (zz'0t1-) 90 (6T'S50-) L0 suonIpuod
su-ybiy Inoyum 98T suosied
(Lot'sve-)6e-  (0€T'981-)8¢- (00T '068-)S¥T- (TOT'L9-) LT (80'0¢T-) 9'6- ®8s‘0T-)v'e (0e'vz-) €0 SUOINPUOD SLI-YBIY YNM 9—8T Suosiad
(rit'ze-)66-  (Tv'L2z-) €6~ 4 (Lor'es-)ze  (e'eor)se- | (6e-'e8-)T9- | (Te-'€L-)TsS- 592
1D %56 % 1D %56 % 1D %56 % 1D %56 % 1D %56 % 1D %56 % 1D %56 %
Jayroyaoed sl dnnA uelsy NVIV JluedsiH »oe|q oluedsiH-UON  @1ym diuedsiH-UoN I\

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2018 February 22.

Am J Infect Control. Author manuscript



Page 14

Luetal.

*9seasIp 1eay AIeuoiod pue ‘uonoleul [e1pJedoAw ‘ewyise ‘sslagelp pey oYM S)npe sapnjoul SS4Yg uo paseq uoniuysp %su-ybiH sywuow gT Buipadsaid sy Burinp xoelre Jo aposids ewyise ue

Buniodal (1 10 ‘sAsuppy Buijre) 1o Meam Jo siIyduoig d1uoIyd aney Asyy uerdisAyd e Aq pjor Buiaq (g ‘syuow ZT snoinaid ayr Burnp Jaoued poojq Jo ‘erwaxna] ‘ewoydwA| aney Ay ueldisAyd e Ag pjol Buiag

J9A3 10 (J92URD UIYS BWOURIBWUOU Bulpnjoxa) syiuow gt Buipadaid ayi Burinp Jaoued Jo sisoubelp e Buiaey (z ‘uonipuod 1eay Jaylo Jo Yoene ueay ‘eulbue ‘aseasip 1eay Areuolod ‘ewssAydws ‘salaqgelp
pey Aayy ueldisAyd e Aq pjol Buiag Jans (T :Buimojjo) syl Jo aiow 10 auo pariodal-4|as suoiealjdwod pajejal-ezuansul 104 %si ybiy e Buiag se paziiobisyed synpe eyl st S|HN U0 paseq uoniuiap 3su-ybiH

*

see-'eg-)es-  (QTT'0T-)es (€9'2T)ee  5(@9-'001-)T8-  glby-'2'8-) €9~ SUOMIPUOD MsL-YBIY InoyNm y9-8T suosiad
(Bz'ver-)es- (G9'ger-)ge- (60T TOT)v0  glev-'2er-) 18- g(T'T-'2'8-) 6%~ SUOIIPUO XSL-YBIY LM $9-8T Suosiad
(€0'5€1-)99-  (r'S'0ST-) 8%~ (8 '8'GT-) 59~ (0z'ze-)Te- §(98-'051-) 8'TT- 597
(8€'v'9-) £~ @zrvi-)le  (¥9'96-)9T-  (62-'T0T-)59-  g(T0-'6'G-) 0'E- 905
(€0'29-)ze-  glyer'zo)sy  glG8'TOEY s(9e-'q.-) g6~ §(G2-'19-) 91— 68T
sWi-vi-)vy-  (ToT'60-)9%  (Sv'6'2-) 80 §(r9-'8'6-) T'8- §(Ge-"6'9-) T's- v9-8T
s@s-'801-)08-  (Ls'er-)L0  S(TT-'T8)9v- g(80T-'2¥T-) 52T~ (9L~ '8'0T-) 26~ 812
dnoub 3su-ybiy pue by

SS=tIg ‘PateuldTBA 1UBdIAd
(Lr'eer-)es-  sl18's0)9y  (28'002-) 66~  g(L'S-'LTT-) 18- g(9'E-'9'6-) 99— SUOIIPUOD iSLI-UBIY INOYNM 9-8T SUOSIad
(e0z'e81-)0T  (E¥T'60T-)LT  (L6€'TS-)ELT  g(T'0-'6'5T-) 0'8- (r6'ze-)TE SUOIIPUO XSL-YBIY LM $9-8T Suosiad
(G11'Tez-)8e-  (€L'90T-)9T- (T'ST'626-)68- (€6-'681-)6TT- (08~ '202-) T¥I- §9%
(9sT'9¥1-)s0  (00T'96-)20 (002 vie-) 16~  g(2e-'29T1-)26-  g(20-'€0T-) GG~ 905
(rs'ot-)ee- g@TT'6TIL9  (E6T'G6-) 6V  glee-'8'8-) 09— (r1'06-) 81~ 68T
(Le'eT1-) 8- (er'or-)re  (€v1'e01-)oe  g09-"Ter-)ve-  5(CT-'89-) 0% v9-87
sOT-'8v1-)T8- (€€ Tr-)v0o- (ETT'STI)TO- g(GTT-'L9T-)T¥I- (86~ '0TT-) v'8- 812
dnoub ys1-ybiy pue aby

SIHN ‘paleulddeA 1uadiad

12 %56 % 10 %56 % 10 %56 % 10 %56 % 10 %56 %
Jayro/aded aidnniA uelsy NVIV oluedsiH »oe|q oluedsiH-UoN

S1L1S PaliuN ‘U0Seas ezuanjjul gT-TTOZ ‘$824n0s
erep pue «, Ao1uyis/aoel * snyels ysu-ybiy ‘abe Aq ‘sieak gT< s)npe Buowe saiym oluedsiH-uou o} pasedwod 8beIsn0d UOIBUIDIBA BZUSN|LUI Ul 80UBIBKIQ

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Infect Control. Author manuscript; available in PMC 2018 February 22.



Page 15

Luetal.

"dnouf adualayal ay) se alym dtuedsiH-uou yum sdnolf d1uyls/jeioel usamiaq suosiiedwod 1oy 1sa) 1 Aq mo.onm

*.JaLo,, se paziioBared atam 8okl ajdinw papodas oym 1o ‘8del , Jaylo,,
319M OUM ‘I9puels| J1J19ed JaU10 JO UBITeMEH BAITRU 819M OUM S}NPe ‘SS44g 104 ., Jay0,, se paziiobaled alam suoseal Jaylo Jo Alljenuapijuod Juspuodsal 01 anp ,3]qeses|al,, 10U Sem 3Jel aIaym suosiad
10 saoel a|dinw Jo suosiad ‘S|HN 404 "o1uedsiH-Uuou palapisuod aiam |8 (NV1V) SAITEN BXSe|\//UBIpU| URILIBWY JO ‘URISY ‘Yoe|q ‘D1IYM a1am OYM S} NPy ‘doel Aue Jo aq Jybiw dluedsiH alam oym ﬂ_:u{,N

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Infect Control. Author manuscript; available in PMC 2018 February 22.



Page 16

Luetal.

"UOSeas ezuanjjul uo abeIan0d UOITRUIIJBA BZUSN|JUI JO UOISSaIBal Jeaul| paiyBiam woly adols umaE:mm_%

" Jay10,, se paziiohared atam sades ajdinw papodal oym Jo ‘adel , Jayio,,

91aM OYM ‘I3pUE|S| J1198d JaUI0 IO UBIIEMEBH BAITRU 818M OUM S}NP. ‘SS4¥g 104 ,,Jay0,, Se paziiobajed a1am suoseal Jaylo 1o Ajjennuspijuod juspuodsal 0} anp ,8|qeses|al,, Jou Sem a9eJ 81aym suosiad

1o sagel a|dinw Jo suosiad ‘S|HN 104 "dluedSIH-UOU PalapISu0d alam |[e (NVIV) dAITeN BYSe|y//uBlpu] UBdLIBWY 1O ‘URISY ‘Yoe|q ‘UM 31am OUMm S}Npy "adel Aue Jo aq ybiw dluedsiH aiam oym &_3?«,N

*95easIp 1eay AIeuoiod pue ‘uonoJeul [e1pJedoAw ‘ewyise ‘salageIp pey oYM S)npe sapnjoul SS4Yg Uo paseq uoniuysp %su-ybiH syiuow g1 Buipsdaid ayy Burinp xoene Jo aposids ewyise ue

Bunuodal (1 10 ‘sAsuppy Buijre) 1o Meam Jo siIyduoig d1uoIyd aney Asyl uedisAyd e Aq pjor Buiaq (g€ ‘syuow ZT snoinsid ayr Burnp Jaoued poojq Jo ‘erwaxna] ‘ewoydwA| aney Ay ueldisAyd e Ag pjol Buiag

1A 10 (J32UBD UIXS BWOURaW-UOU Bulpnjaxa) sypuow gT Buipadaid ayr Burinp Jaaued Jo sisoubeip e BuiAey (z ‘UOnIPUOD 1eay Jaylo Jo Hoene ueay ‘eulbue ‘aseasip 1eay Areuolod ‘ewasAydws ‘salaqelp
pey Aayy ueidisAyd e Aq pjol Buiag Jans (T :Buimojjo) syl Jo aiow 1o auo pariodal-4|as suoiealjdwod pajejal-ezuansuil 104 st ybiy re Buiag se paziiobisyed synpe eyl st S|HN U0 paseq uoniuiap 3su-ybiH

*

(rv'se-)oo ywzzoer  (es'ee-) 1T (€2'00-)TT (TT'e0-) o0 (2T'20-)00 SS4ug
(Te‘oe-) oo 4850062 o Jeeenee 46E€0TT 4G Tn 8T SIHN SUORIPUOD XsL-UBIY InoUNM 9-8T suoslad
(Te'61-) 00 (60'cs-)ze- (62'6€-)G0- (2G'8€-)00 (6€'sv-) €0~ (80'80-)00-  Ssdug
wx (L9'61-)TC o (0 'ge-) o~ (es'vo-)ee (22'80-)00 SIHN SUONIPUOD YSL-YBIY YNM y9-8T SU0SIad
(To'0e-) v'i- (81'89-)00  (T¥'T8-)0z- (201'8'8-)00 (91'95-) 02~ 4L0-"v¥-)S2-  ssdug
wx (56 'v'9-) 50~ wx (67 '1e-) 00 (8e'eT)TT (6T'sT-) 00 SIHN G692
(se'61-) 00 (ev'ss-)8o- (6v'v9-)L0o- (2€'0T-)TT (61'8T-) 00 (60'6T-)50-  sSSdud
o (L8'vs-)TT o (871'90-)00 (Ov'0z-)TT 4€T'€0)80 SIHN ¥9-05
(6€'02-)TT (91'z0-)00  (€5'22)TT  (82'T09)TT (ST'01-) 00 (6T'50-) 00 Ssdug
(9e're-) T0- ywsenee o Jre's0 6T 4T L0 ve 4wer0)6T SIHN 6v-8T
(9€'81-) 00 (€1's0-)00  (@¥'0e)00  (LZ'€0)TT (r1'80-)00 (£1'r0-) 00 Ssdug
(ss'Tv-) o0 (6s'T0-) 2T o 4826087 4E€eL0ET 46210 9T SIHN v9-8T
(52'91-) 00 (r1'60-)00  (8e'ee-) 00  (92'90-)TT (€1'51-) 00~ rT'TI-)T0 PESEEL:
(82'0e-) TO- (Ts'e0-)ze *x 4821081 sweonze 46T0T)ST SIHN 812

aoinos eyleg  dnoub ysu-ybiy pue aby

1D %56 % 1D %656 % 1D %56 % 10 %56 % 10 %56 % 1D %56 %
Jayro/aoey aidnniA uelsy NVIV oluedsiH oe|q oluedsiH-UoON  8)ym dluedsiH-UoN

mmmEmSoo uoI1eUIDoBA BZUBNU| Ul 8BueyD uosess-1ad abelany

SAJeIS PaNuN ‘suoseas
ZT-TT0Z Ybnoiyr 80-200Z ‘s824nos erep pue ., Aualuye/aoel * snyeis ysli-ybiy ‘abe Aq sieak gT< s)npe ‘afelanod uoleurooeA ezusnjyul ul uosess Ag puaiL

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Infect Control. Author manuscript; available in PMC 2018 February 22.



Page 17

Luetal.

‘'suosess

Joud woJy serewnse 0} ajgesedwod AoLis 10U ale ZT-TT0Z 0} Serewnss os ‘BunyBiam 10y poyIsw Mau & pasn pue spjoyasnoy auoyda|a) Jejnjjsd pue suljpue| papnjoul SS44g ‘1102 Ul m:_cc_mmm_t

"0€ > 92z1S 8|dwWes 10 9,0E< J0.I8 PIEPUEIS BAIIR|3] 0} 8NP B|qeI|a) 8 10U ABLU SBIRISS BLIOS 8sNeaaq UoIssalbal Jeaul| pajyBiam uni o) ajqe 10N
*¥

*(puauy Jeaul| 4oy 1s81) G0°0 > Qﬁ

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Infect Control. Author manuscript; available in PMC 2018 February 22.



Page 18

Luetal.

"0€ > 821S 9|dWes 10 040E< J0119 PIEPUEIS BAIIR[3] 0 8NP 8|qeI|a. 8¢ 10U ABLU SBIRWISA SWO0S 8sNeIaq UoIssalBal Jeaul] payBiam unl 0} ajge 10N

/]

"U0SBaS BZUSN|JUI U0 S3ym dluedsiH-uou pue dnoiB o1uyis/[e1oes e usamiaq aBeIan0d UoITeU1d9eA ZUaN|4UI Ul 3dusIayip Julod abejuadlad 4o uoissalfial Jeaul] payyBlam woly adojs parewnisy

s

" J3U10,, Se paziiobared a1am adel ajdnnw payodal oym 1o ‘adel , Jaylo,,

31aM OUM ‘13pUE|S| J1198d 1810 10 UBIIEMEH dAITRU 819M OUM S}Npe ‘SS4¥g 104 ., 1ay0,, Se paziiobaled alam suoseal Jaylo 1o Alljennuapijuod Juspuodsal 01 anp a|qesea|al,, 10U Sem adel 81aym suosiad

10 sagel a|dinnw Jo suosiad ‘S|HN 104 "d1uedsIH-UOU PaJapIsuod a1am |1 (NVIV) dAITeN BYSe|y//UBIpU| UBILIBWY JO ‘UBISY ‘2€]q ‘SHUM 31am OUM S)NpY "adel Aue Jo aq Jybiw dluedsiH aiam oym ﬂ_:c«w

*aSeasip 1eay AJ/euoiod pue ‘uonoleul [e1pJedoAw ‘ewyise ‘salagelp pey oYM S)npe Sapnjoul SS4Yg uo paseq uoniuyap %su-ybiH syiuow g Buipadaid ayy Buirinp xoene Jo aposida ewyise ue

Buniodau (1 Jo ‘sAsupiy Buijres 1o Yeam 1o SIIYIU0IQ d1UoIYd aney Asyp ueldisAyd e Ag pjol Bulag (g ‘syiuow gT snoiaaid ay Burinp Jasued poojq Jo ‘elwsyna| ‘ewoydwA| aney Asys uerdisAyd e Aq pjol Buiag

J19A3 10 (J92URD UIXS BWOUR|aW-UOU Buipnjoxa) syjuow gT Buipadaid ayy Buiinp Jaoued Jo sisoubelp e Buiaey (z ‘uonipuod 1eay Jaylo 10 ‘yoene Leay ‘eulbue ‘aseasip Leay Aleuolod ‘ewssAydws ‘salagelp
pey Aayy ueldisAyd e Aq pjol Buiaq Jans (T :Buimoljoy ayl Jo aiow Jo auo pariodal-4|as suorealjdwod pajejal-ezuanyyui 104 si ybiy e Buiag se paziiobiared synpe eyl st SIHN U0 paseq uoniuiap 3su-ybiH

¥

(zz'ee-) 90- (€0'8'T-) 8°0- (6€'Lv-) v'0- (S0'6'1-) L0~ (01'6'0-) 00 SRR
(TS'L1-)TT (CT've) T1- 4 (zo'o1-) v'0- r1'02-) €0~ SIHN SUORIPUOI SLI-YBIY INOYNM 19-8T Suosiad
(cz'ee-)00- (Lv'eo-)ee (e 'v'e-) 00 (ce'zs-) o1~ (0v'ee-) 00 Ss4ud

4 (0z'es-) L1 4 (96'82-) 11T (62'6'5-) G'T- SIHN suonIpuod Xst-ybiy yum 9-gT suosiad
(r1'6e-) 21~ (ov'zot-) Te- (z6'T9-)g0- (z9'oer-) ve- (zz'ze-)g0- SREREE|

Y] (L5'sv-) 00 yl (62 'T¥-) 90~ (81'6€-) TT- SIHN 692
(80'5€-) ¥'1- (0's'sv-) 00 @v'vvy-)oo  ,,(€0-'82-) 9T (€1'v'e-)90-  ssdug

¥ (59 28-) 8°0- yt (6T'v1-) 00 (ee'ev-) 50— SIHN ¥9-0G
(Lz'ee-) e0- (#'0'€0-) 00 (7€ v'v-) 50~ (S50'21-)90- (L'1'6'0-) 00 SRR
(09'sz)TT 44(€0-'92-) §'T- 4 (€1'8T-) T0- (¢z've-)90-  SIHN 67-8T
(Tz'oe-) vo- (€T'TT-)00 (re'Ty-)eo- (co's1-) 80~ (T1'60-) 00 SS4ug
(9s'0v-) 00 (6'0'9°¢-) v'1- 4 (Lo'T1-)z0- W1'Le-)Lo- SIHN 79-81
(91'€C-) vo- (sT'sT1-) 00~ (ee'ze-) 00 (90'v'2-) 60~ (sT'TT-)00 L SS3YE
Ly L)1t (€1'ee-) 0T~ 4 (80'v'1-) €0~ (90'02-) L0~ SIHN 812

aoInos ereq  dnoub su-ybiy pue aby
1D %56 % 1D %56 % 1D %56 % 1D %56 % 1D %56 %
Jayro/aoey a|dnnin uelsy NVIV oluedsiH »oe|q o1uedsiH-uoN

mWE__._>> OluedsiH-UON 01 patedw0) abedsn0D UOIFeUIddBA Zuan|ju| Ul 8duaiayig Julod abeiusduad ul sbueyd uosess-uad sbetsny

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

salels palun ‘suosess ZT-TT0Z YBNoIy) 80-200 ‘S821N0s Blep pue ‘, AN1d1uLa/aoel
* snyess ysL-ybly ‘abe Aq sieak §TZ synpe ‘seyym dluedsiH-uou 0} pasedwod aBeIaA0d UOITEUIdIBA BZUSN|HUI UI SAIMLIEASIP D1UL18/[eIde) Ul Uosess Aq puall

Author Manuscript

Am J Infect Control. Author manuscript; available in PMC 2018 February 22.



Page 19

Luetal.

“(puaJy Jeaul| 10} 3s81) 50°0 > Qt

‘Suoseas

Jorid wouy sayewnss 01 ajqesedwod Aj1oLis 10U ale ZT-TT0Z 10) salewlss os ‘Bunybiam 10) poyal Mau e pasn pue spjoyssnoy auoyds|al Jejn||a9 pue auljpue] papnjoul SS449 ‘T102 Ul Buluuibeg

Author Manuscript

Author Manuscript

Author Manuscript

*x

Author Manuscript

Am J Infect Control. Author manuscript; available in PMC 2018 February 22.



	Abstract
	Introduction
	Methods
	Results
	Discussion
	References
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4

