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Abstract

Objective: To assess the proportion of patients with cirrhosis up to date with vaccinations and associa-
tions of vaccination with age, sex, race, ethnicity, marital status, and type of provider follow-up.
Patients and Methods: Patients with cirrhosis diagnosed at Mayo Clinic in Rochester and Mayo Clinic
Health System in Minnesota from January 1, 2007, to December 31, 2009, were followed up from
diagnosis until May 31, 2015. Data were abstracted from Mayo Clinic and Minnesota State records. Factors
determining vaccination coverage were assessed.
Results: At the end of the study period (8 years follow-up), 26.4% (95 of 360), 24.7% (82 of 332), 63.2%
(180 of 285), and 25.5% (54 of 212) of patients with cirrhosis were up to date with hepatitis A virus
(HAV), hepatitis B virus, pneumococcal pneumonia (PN), and herpes zoster vaccinations, respectively.
Influenza (FLU) vaccine coverage increased from 36.1% (57 of 158) in 2007 to 2008 to 65.8% (106 of
161) in 2014 to 2015. Of those unvaccinated for HAV and hepatitis B virus before cirrhosis diagnosis,
18.6% (59 of 318) and 23.4% (71 of 304) completed vaccination. For HAV, more whites than nonwhites
(28.3% [91 of 322] vs 10.5% [4 of 38]; odds ratio [OR], 3.35; 95% CI, 1.29 to 11.45; P¼.02) and more
non-Hispanics than Hispanics (27.4% [95 of 347] vs 0% [0 of 13]; OR, 0.00; 95% CI, 0.00 to 0.43;
P¼.03) were vaccinated. For PN, more younger than elderly people (66.8% [135 of 202] vs 54.2% [45 of
83]; OR, 1.70; 95% CI, 1.01 to 2.87; P¼.04) and married vs single people (56.8% [100 of 176] vs 73.4%
[80 of 109]; OR, 2.10; 95% CI, 1.26 to 3.56; P¼.005) were vaccinated. For FLU, in 2013 to 2014, more
elderly (72.0% [54 of 75] vs 58.0% [69 of 119]; OR, 0.54; 95% CI, 0.28 to 0.99; P¼.05); in 2008 to 2009,
more Hispanics (100% [4 of 4] vs 41.6% [116 of 279]; OR, N; 95% CI, 2.25 to N; P¼.02); and in 2011
to 2012, more married people (62.4% [101 of 162] vs 50.5% [56 of 111]; OR, 1.63; 95% CI, 0.1.0 to
2.66; P¼.05) were vaccinated. For FLU in 2008 to 2009, coverage was higher in the primary care than the
specialist setting (55.8% [48 of 86] vs 36.6% [72 of 197]; P¼.003).
Conclusion: Except for PN and FLU, vaccination coverage in patients with cirrhosis falls short of Healthy
People 2020 target. Specific interventions are needed to improve vaccination coverage in patients with
cirrhosis.
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V accination of patients with cirrhosis
against hepatitis A (HAV), hepatitis B
(HBV), pneumococcal pneumonia

(PN), herpes zoster (HZ), and influenza
(FLU) are recommended by the Advisory
Committee on Immunization Practices (ACIP).

Chronic liver disease (CLD) including
cirrhosis is the 12th leading cause of death
in the United States, accounting for 34,000
to 38,000 annual deaths recently.1,2 However,
considering additional liver-related causes of
death such as hepatorenal syndrome, viral
Mayo Clin Proc Inn Qual Out n December 2020;4(6):667-682 n http
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hepatitis, hepatic encephalopathy, and hepato-
biliary cancers, liver-related mortality was
found to rank as high as fourth for some age
groups and eighth overall.3

Patients with cirrhosis are considered to be
immunocompromised and are more suscepti-
ble to infections with an increased risk for sub-
sequent complications and death, especially
when the liver disease is more advanced and
decompensated.4-12 The cost of managing liver
disease is significant. The ACIP recommends
vaccinating all people with CLD and cirrhosis
s://doi.org/10.1016/j.mayocpiqo.2020.06.007
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against HAV, HBV, PN, HZ, and FLU.13 The
US Preventive Services Task Force has recom-
mended that health care providers incorporate
vaccination needs assessment, recommenda-
tion, and offer of vaccination into routine clin-
ical practice for adult patients to improve
vaccination rates.14,15 Studies have stressed
the importance of such efforts.9,16-18 Despite
these recommendations, data reported during
the past one and a half decades indicate that
immunization in this group of patients re-
mains low (<20% for HAV, 32%-34% for
HBV, and 20% for PN16,18-21; Table 1). Lack
of physician enthusiasm, missed opportu-
nities, and the proliferation of other quality
measures have been suggested as potential rea-
sons for nonadherence.22-24 With the present
trends, current strategies are unlikely to
achieve the immunization goals of Healthy
People 2020.25
TABLE 1. Summary of 2007 to 2014 National Adult Imm
Prevention/National Health Interview Survey)a

Vaccine Age Group (y) 2007, % 2008, % 2009, %

PN 19-49 32.3 24.9 17.5

18-64 19.4 16.6 17.4

�65 65.6 60.0 60.6

FLU �19 33.6

19-49

19-49 HR 37.3 30.0 33.4

19-49 non-HR 17.4 19.7

50-64 total 38.7

50-64 HR 48.8 51.5

50-64 non-HR 34.4 34.2

�65 66.6 65.6

18-64 24.9

18-64 HR 38.6

18-64 non-HR

HAV total 19-49 12.1 8.8 9.8

HAV HR

HAV CLD

HBV total 19-49 23.4

HBV HR 31.6 41.8

HBV non-HR 33.8 33.7

HBV CLD

HBV � 65

HZ � 60 1.9 6.7 10.0

aCLD ¼ chronic liver disease; FLU ¼ influenza; HAV ¼ hepatitis A vir
zoster; PN ¼ pneumococcal pneumonia.
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Hepatitis A and B virus infection or super-
infection in CLD is associated with severe dis-
ease, including fulminant hepatic failure and
increased morbidity and mortality.26-29 Vacci-
nation for HAV and HBV is safe and effective
in patients with CLD and cirrhosis.30-36

Bacterial infections occur in 32% to 34%
of hospitalized patients with cirrhosis and in
approximately 44% of those admitted with
gastrointestinal hemorrhage.10,37,38 Pneu-
monia is one of the major infectious diseases
in patients with cirrhosis, beside spontaneous
bacterial peritonitis and urinary tract infec-
tions, and carries the highest inpatient mortal-
ity risk of the 3 infections.6,10,39-42 Invasive
pneumonia can lead to severe sepsis with mul-
tiorgan failure and higher case fatality in hos-
pitalized patients with cirrhosis than in
patients with other chronic conditions.29

Community-acquired pneumonia is also
unization Coverage (Centers for Disease Control and

2010, % 2011, % 2012, % 2013, % 2014, % 2015, %

18.5 20.1 20.0

18.3 20.0

59.5 62.3 59.9

40.4 40.5 38.8 41.5 42.2 43.6

30.5 28.6 31.1 32.3

39.0 36.8 39.8

44.5 42.7 45.1 45.3

66.6 64.9 66.2 65.0

34.8 33.1 35.7 36.7

46.7 45.2 47.0 46.3

33.9

10.7 12.5 12.2

14.6

19.7 17.1

35.9 35.3

42.0

33.1

14.4 15.8 20.1

us; HBV ¼ hepatitis B virus; HR ¼ high-risk people; HZ ¼ herpes
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TABLE 2. Demographic Characteristics of Study
Population

Characteristic N¼398

Age (y), no. (%)
<65 279 (70.1)
�65 119 (29.9)

Sex, no. (%)

Male 230 (57.8)
Female 168 (42.2)

Race, no. (%)

White 357 (89.7)
African American 11 (2.8)
Asian 8 (2.0)
American Indian/Alaskan Native 6 (1.5)
Other 11 (2.8)
Unknown 5 (1.3)

Ethnicity, no. (%)

Not Hispanic or Latino 351 (88.2)
Hispanic or Latino 14 (3.5)
Unknown 33 (8.3)

Marital status, no. (%)

Married 236 (59.3)
Divorced 68 (17.1)
Single 61 (15.3)
Widowed 33 (8.3)

Type of cirrhosis, no. (%)

Alcoholic cirrhosis of liver 129 (32.4)
Cirrhosis of liver without mention of
alcohol

239 (60.1)

Biliary cirrhosis 30 (7.5)

Provider, no. (%)

Gastroenterologist/hepatologist 265 (66.6)
Primary care provider 133 (33.4)

VACCINATION COVERAGE IN CIRRHOSIS
associated with higher mortality in patients
with cirrhosis compared with those without
cirrhosis.42 Thus vaccination against PN is a
critical preventative measure in patients with
CLD.

Herpes zoster vaccine is associated with a
significantly reduced risk (>50%) for HZ dis-
ease, including in patients with chronic medi-
cal conditions (hazard ratio, 0.45; 95% CI,
0.42 to 0.48).43

Patients with CLD, including those with
cirrhosis, especially those who are decompen-
sated, are at increased risk for severe disease
and poor outcomes in the setting of FLU infec-
tion. Thus, preventative vaccination and early
detection and treatment of FLU are recom-
mended.44-48 In addition, FLU vaccine has
Mayo Clin Proc Inn Qual Out n December 2020;4(6):667-682 n http
www.mcpiqojournal.org
been shown to be safe and effective in CLD
and cirrhosis.49-56 For example, FLU vaccina-
tion during the 2012 to 2013 season resulted
in an estimated 79,260 fewer hospitalizations,
6.6 million fewer cases of FLU, and 3.2 million
fewer medically attended cases.49 These results
support the importance of FLU vaccination
and highlight the need for increasing vaccina-
tion coverage rates. Recent statistics and
studies revealed that current trends are far
from reaching the goals of achieving the target
vaccination coverage goals of 2020.57

Unfortunately, the immunization coverage
of patients with CLD and especially with
cirrhosis has not been widely studied. There
have been only a few high-quality
studies.16,18,19,21 A study done in 200558

revealed that patients seen in primary care
received more FLU and pneumonia vaccina-
tions. Those seen in specialist centers were
predominantly vaccinated for HAV and HBV.
It also concluded that patients vaccinated on
site have higher coverage. Furthermore, there
are no specific recent data for vaccination
trends against FLU and HZ in this group.
None of these reports studied all 5 recommen-
ded adult vaccinations (FLU, PN, HAV, HBV,
and HZ). In addition, none of the studies for
HAV and HBV vaccination provided details
of whether they were up to date with their vac-
cine series at the end of follow-up of the
studies.

PATIENTS AND METHODS
The study population included patients with
cirrhosis diagnosed at Mayo Clinic and Mayo
Clinic Health System clinics in Minnesota
from January, 1 2007, to December 31,
2009, and who were followed up at Mayo
Clinic and Mayo Clinic Health System from
the time of diagnosis until the end of the study
period on May 31, 2015, or until they died,
underwent liver transplant, or were lost to
follow-up.

The diagnosis of cirrhosis was made
based on International Classification of Dis-
eases, Ninth Revision codes 571.2, 571.5,
and 571.6 and/or keywords such as liver/he-
patic cirrhosis and further confirmed by his-
topathology; radiology (shrunken, irregular,
or nodular liver suggestive of cirrhosis); clin-
ical features such as ascites, splenomegaly,
esophageal or abdominal varices,
s://doi.org/10.1016/j.mayocpiqo.2020.06.007 669
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Eligible for HAV
vaccination at time

of diagnosis
360 (90.5%)

Never received
HAV vaccination
before diagnosis

318 (88.3%)

Zero vaccination
217 (68.2%)

Partial vaccination
42 (13.2%)

Full vaccination
59 (18.6%)

Partial HAV
vaccination before

diagnosis
42 (11.7%)

B

A

Fully HAV vaccinated
or have hisotory of

infection or immunity
at time of cirrhosis

diagnosis (excluded)
38 (9.5%)

Eligible for HAV
vaccination at time of

diagnosis
360 (90.5%)

Up to date at the end
of follow-up
95 (26.4%)

Not up to date at the
end of follow-up

265 (73.6%)

Total patients with
cirrhosis

398 (100%)

FIGURE 1. Hepatitis A virus (HAV) vaccination coverage from 2007 to 2015 in Minnesotans with
cirrhosis diagnosed between 2007 and 2009 at Mayo Clinic.
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spontaneous bacterial peritonitis, hepatic en-
cephalopathy, hepatocellular carcinoma, or
hepatorenal syndrome; or through docu-
mented expert diagnosis obtained from the
electronic medical record (EMR) of Mayo
Clinic. The immunization status of HBV,
HAV, PN, FLU, and HZ in both primary
care and specialty groups was obtained
from the EMR and/or from the Minnesota
Immunization Information Connection (Min-
nesota State Records). Demographic charac-
teristics were obtained from the EMR. The
provider was either a primary care provider
(PCP) or a specialist, that is,
Mayo Clin Proc Inn Qual Out n December 2020
gastroenterologist and/or hepatologist (GIH)
including liver transplant hepatologist. If
the patient was equally frequently followed
up by a PCP and GIH, they were considered
followed up by a GIH (N¼3)

The primary end point of the study was
to determine the proportion of patients
with cirrhosis who received and were upto-
date with immunization against HAV, HBV,
PN, FLU, and HZ. Secondary end points
were to determine the effects of age, sex,
race, ethnicity, marital status, and type of
provider follow-up on vaccination coverage,
as well as to determine the time from
;4(6):667-682 n https://doi.org/10.1016/j.mayocpiqo.2020.06.007
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FIGURE 2. Time from diagnosis (dx) of cirrhosis to start of vaccination (hepatitis A virus [HAV] and
hepatitis B virus [HBV]) or time from vaccine eligibility to start of vaccinations (pneumococcal pneumonia
[PN] or herpes zoster [HZ]). Cum prob ¼ cumulative probability.

VACCINATION COVERAGE IN CIRRHOSIS
eligibility to the first dose of vaccine,
excluding FLU vaccine.

Patients who completed vaccinations
before the cirrhosis diagnosis, those with a
history of HAV or HBV infection before
diagnosis, those who died or were lost to
follow-up within the first 6 months of the
follow-up period, and those who underwent
liver transplant within the first 6 months of
the follow-up period were excluded.
Data Analyses
We used mean � SD and Wilcoxon nonpara-
metric test for continuous variables (eg, age)
and c2 test for categorical (nominal) variables.
Statistical significance for comparisons was
designated as P<.05. We also obtained odds
ratios (ORs) and area under the receiver oper-
ating characteristic curve using univariate lo-
gistic regression. Data analysis was performed
using JMP, version 10 (SAS Institute Inc).
Mayo Clin Proc Inn Qual Out n December 2020;4(6):667-682 n http
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RESULTS

Study Sample
A total cohort of 398 patients with cirrhosis
diagnosed between January 1, 2007, and
December 31, 2009, was obtained. Demo-
graphic and patient characteristics are summa-
rized in Table 2. A total of 279 (70%) were
younger than 65 years, 230 (58%) were males,
357 (90%) were white, and 236 (59%) were
married. A total of 265 (66.6) were followed
up mainly by a GIH or LT (specialist) and
133 (33.4%) by a PCP.

HAV Vaccination. Of the 398 patients, 38
(9.5%) were excluded because they were
either fully vaccinated or had a history of
HAV infection/immunity at the time they
had cirrhosis diagnosed. A total of 360
(90.5%) patients were eligible for vaccination
at the time of cirrhosis diagnosis. The eligible
patients either never received vaccination
s://doi.org/10.1016/j.mayocpiqo.2020.06.007 671
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TABLE 3. Vaccination Coverage for HAV, HBV, PN, and HZ by Demographics and Provider From 2007 to 2015 in Minnesotans With Cirrhosis Diagnosed Between 2007 and 2009 at Mayo
Clinica

Age (y) Sex Race Ethnicity Marital Status Provider

<65 �65 Male Female White Nonwhite Hispanic or Latino Other Married/Partner Single Specialist PCP

HAV
Up to date, no.
(%)

69 (27.5) 26 (24.1) 50 (24.2) 45 (29.4) 91 (28.3) 4 (10.5) 0 (0.0) 95 (27.4) 54 (25.6 ) 41 (27.5) 64 (26.3) 31 (26.5)

Not up to date,
no. (%)

182 (72.5) 82 (75.9) 157 (75.8) 108 (70.6) 231 (71.7) 34 (89.5) 13 (100.0) 252 (72.6) 157 (74.4) 108 (72.5) 179 (73.7) 86 (73.5)

Total 251 108 207 153 322 38 13 347 211 149 243 117
P .50 .26 .02 .03 .68 .97

HBV

Up to date, no.
(%)

59 (26.2) 23 (21.5) 39 (20.9) 43 (29.7) 77 (25.3) 5 (17.9) 1 (9.1) 81 (25.2) 50 (26.0) 32 (22.9) 54 (24.0) 28 (26.2)

Not up to date,
no. (%)

166 (73.8) 84 (78.5) 148 (79.1) 102 (70.3) 227 (74.7) 23 (82.1) 10 (90.9) 240 (74.8) 142 (74.0) 108 (77.1) 171 (76.0) 79 (73.8)

Total 225 107 187 145 304 28 11 321 192 140 225 107
P .35 .07 .38 .22 .51 .67

PN

Up to date, no.
(%)

135 (66.8) 45 (54.2) 110 (62.9) 70 (63.6) 166 (64.3) 14 (51.9) 5 (55.6) 175 (63.4) 100 (56.8 ) 80 (73.4) 121 (61.4) 59 (67.0)

Not up to date,
no. (%)

67 (33.2) 38 (45.8) 65 (37.1) 40 (36.4) 92 (35.7) 13 (48.1) 4 (44.4) 101 (36.6) 76 (43.2) 29 (26.6) 76 (38.6) 29 (33.0)

Total 202 83 175 110 258 27 9 276 176 109 197 88
P .04 .89 .20 .63 .005 .36

HZ

Up to date, no.
(%)

31 (29.5) 23 (21.5) 25 (22.3) 29 (29.0) 49 (25.7) 5 (23.8) 1 (14.3) 53 (25.9) 38 (26.6 ) 16 (23.2) 31 (22.0) 23 (32.4)

Not up to date
,no. (%)

74 (70.5) 84 (78.5) 87 (77.7) 71 (71.0) 142 (74.4) 16 (76.2) 6 (85.7) 152 (74.1) 105 (73.4 ) 53 (76.8) 110 (78.0) 48 (67.6)

Total 105 107 112 100 191 21 7 205 143 69 141 71
P .18 .27 .85 .49 .60 .10

aHAV ¼ hepatitis A virus; HBV ¼ hepatitis B virus; HZ ¼ herpes zoster; PCP ¼ primary care provider; PN ¼ pneumococcal pneumonia.
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TABLE 4. Influenza Vaccination Coverage by Demographic Characteristics and Provider From 2007 to 2015 in Minnesotans With Cirrhosis Diagnosed Between 2007 and 2009 at Mayo
Clinica

Season
Total
Patients

Total
Received,
no. (%)

Age (y) Sex Race Ethnicity Marital Status Provider

<65, no.
(%)

�65, no.
(%)

Male, no.
(%)

Female, no.
(%)

White, no.
(%)

Nonwhite, no.
(%)

Hispanic or Latino,
no. (%)

Other, no.
(%)

Married/Partner,
no. (%)

Single, no.
(%)

Specialist, no.
(%)

PCP, no.
(%)

2007-
2008

158 57 (36.1) 40 (35.4) 17 (37.8) 29 (31.2) 28 (43.1) 51 (35.7) 6 (40.0) 2 (50.0) 55 (35.7) 35 (37.2) 22 (34.4) 38 (32.8) 19 (45.2)

P¼.78 P¼.13 P¼.74 P¼.56 P¼.71 P¼.15

2008-
2009

283 120 (42.4) 79 (41.2) 41 (45.1) 66 (40.5) 54 (45.0) 107 (41.5) 13 (52.0) 4 (100.0) 116 (41.6) 73 (40.6) 47 (45.6) 72 (36.6) 48 (55.8)

P¼.53 P¼.45 P¼.31 P¼.02 P¼.41 P¼.003

2009-
2010

365 169 (46.3) 109 (45.0) 60 (48.8) 90 (44.3) 79 (48.8) 149 (45.4) 20 (54.1) 8 (61.5) 161 (45.7) 95 (44.2) 74 (49.3) 107 (44.6) 62 (49.6)

P¼.50 P¼.40 P¼.42 P¼.26 P¼.33 P¼.36

2010-
2011

321 155 (48.3) 96 (46.2) 59 (52.2) 90 (51.1) 65 (44.8) 140 (48.4) 15 (46.9) 7 (58.3) 148 (47.9) 99 (51.6) 56 (43.4) 98 (46.0) 57 (52.8)

P¼.30 P¼.26 P¼.87 P¼.48 P¼.15 P¼.25

2011-
2012

273 157 (57.5) 93 (54.4) 64 (62.8) 88 (58.7) 69 (56.1) 142 (57.7) 15 (55.6) 5 (45.5) 152 (58.0) 101 (62.4) 56 (50.5) 101 (56.7) 56 (59.0)

P¼.18 P¼.67 P¼.83 P¼.41 P¼.05 P¼.73

2012-
2013

230 149 (64.8) 89 (62.2) 60 (69.0) 78 (64.5) 71 (65.1) 131 (63.3) 18 (78.3) 5 (55.6) 144 (65.2) 92 (67.2) 57 (61.3) 94 (62.7) 55 (68.8)

P¼.30 P¼.91 P¼.15 P¼.55 P¼.36 P¼.36

2013-
2014

194 123 (63.4) 69 (58.0) 54 (72.0) 62 (61.4) 61 (65.6) 111 (62.4) 12 (75.0) 3 (42.9) 120 (64.2) 71 (64.6) 52 (61.9) 78 (63.4) 45 (63.4)

P¼.05 P¼.54 P¼.31 P¼.25 P¼.71 P¼.996

2014-
2015

161 106 (65.8) 60 (61.9) 46 (71.9) 53 (65.4) 53 (66.3) 97 (66.0) 9 (64.3) 3 (50.0) 103 (66.5) 61 (67.8) 45 (63.4) 67 (68.4) 39 (61.9)

P¼.19 P¼.91 P¼.90 P¼.40 P¼.56 P¼.40

aPCP ¼ primary care provider; PN ¼ pneumococcal pneumonia.
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Eligible for HBV
vaccination at time

of diagnosis
332 (83.4%)

Never received
HBV vaccination
before diagnosis

304 (91.6%)

Zero vaccination
183 (60.2%)

Partial vaccination
50 (16.4%)

Full vaccination
71 (23.4%)

Partial HBV
vaccination before

diagnosis
28 (8.4%)

B

A

Fully HBV vaccinated
or have history of

infection or immunity
at time of cirrhosis

diagnosis (excluded)
66 (16.6%)

Eligible for HBV
vaccination at time of

diagnosis
332 (83.4%)

Up to date at the end
of follow-up
82 (24.7%)

Not up to date at the
end of follow-up

250 (75.3%)

Total patients with
cirrhosis

398 (100%)

FIGURE 3. Hepatitis B virus (HBV) vaccination coverage from 2007 to 2015 in Minnesotans with cirrhosis
diagnosed between 2007 and 2009 at Mayo Clinic.
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before cirrhosis diagnosis (n¼318; 88%) or
received only partial vaccination (n¼42;
12%). Of the 360 patients eligible for vaccina-
tion, only 95 (26.4%) were up to date with
their HAV vaccination at the end of the
follow-up period (Figure 1A).

Of those who never received HAV vaccina-
tion before the cirrhosis diagnosis (n¼318),
217 (68.2%) received zero vaccination, 42
(13.2%) received partial vaccination, and
only 59 (18.6%) completed their vaccination
series during the follow-up period
(Figure 1B). Of the 101 patients who received
vaccination during follow-up, only 40 (39.6%)
Mayo Clin Proc Inn Qual Out n December 2020
received their first dose within the first year af-
ter the cirrhosis diagnosis (Figure 2).

In terms of demographic characteristics,
27.5% (69 of 251) of those who were younger
than 65 years vs 24.1% (26 of 108) of those 65
years or older (OR, 1.20; 95% CI, 0.72 to
2.04; P¼.50), 24.2% (50 of 207) of males vs
29.4% (45 of 153) of females (OR, 0.76;
95% CI, 0.48 to 1.23; P¼.26), 28.3% (91 of
322) of whites vs 10.5% (4 of 38) of non-
whites (OR, 3.35; 95% CI, 1.29 to 11.45;
P¼.02), 0.0% (0 of 13) of Hispanics or Latinos
vs 27.4 (95 of 347) of other ethnicities (OR,
0.00; 95% CI, 0.00 to 0.43; P¼.03), 25.6%
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of follow-up
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FIGURE 4. Pneumococcal pneumonia (PN) vaccination coverage from 2007 to 2015 in Minnesotans with
cirrhosis diagnosed between 2007 and 2009 at Mayo Clinic.
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(54 of 211) of those who are married vs 27.5%
(41 of 149) of singles (OR, 0.91; 95% CI, 0.56
to 1.46; P¼.68), 26.3% (64 of 243) of those
who were followed up by a specialist vs
26.5% (31 of 117) followed up by a PCP
(OR, 0.99; 95% CI, 0.60 to 1.64; P¼.97)
were up to date with their HAV vaccination
at the end of follow-up (Table 3)

HBV Vaccination. Of the 398 patients, 66
(16.6%) were excluded because they were
either fully vaccinated or had a history of
HBV infection/immunity at the time they had
cirrhosis diagnosed. A total of 332 patients
(83.4%) were eligible for vaccination at the
time of cirrhosis diagnosis, of whom only 82
(24.7%) were up to date with their HBV vacci-
nation at the end of follow-up (Figure 3A).

The 332 eligible patients had either never
received HBV vaccination before diagnosis
(n¼304; 91.6%) or had received only partial
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vaccination (n¼28; 8.4%). Of the 304 patients
who had never received HBV vaccination
before diagnosis, 183 (60.2%) received zero
vaccination, 50 (16.4%) received partial vacci-
nations, and only 71 (23.4%) completed their
vaccination series during the follow-up period
(Figure 3B). Of the 121 patients who received
vaccinations during follow-up, only 67
(55.4%) received their first dose within the
first year of cirrhosis diagnosis (Figure 2).

In terms of demographic characteristics,
26.2% (59 of 225) of those who were younger
than 65 years vs 21.5% (23 of 107) of those
65 years or older (OR, 1.30; 95% CI, 0.76 to
2.28; P¼.35), 20.9% (39 of 187) of males vs
29.7% (43 of 145) of females (OR, 0.63; 95%
CI, 0.38 to 1.03; P¼.07), 25.3% (77 of 304)
of whites vs 17.9% (5 of 28) of nonwhites
(OR, 1.56; 95% CI, 0.62 to 4.77; P¼.38),
9.1% (1 of 11) of Hispanics or Latinos vs
25.2% (81 of 321) of other ethnicities
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Up to date at the end
of follow-up
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FIGURE 5. Herpes zoster (HZ) vaccination coverage from 2007 to 2015 in Minnesotans with cirrhosis
diagnosed between 2007 and 2009 at Mayo Clinic.
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(OR, 0.18; 95% CI, 0.02 to 1.58; P¼.22),
26.0% (14250 of 192) of those who were mar-
ried vs 22.9% (32 of 140) of singles (OR, 1.19;
95%CI, 0.72 to 1.99; P¼.51), and 24.0% (54 of
225) of those who were followed up by a
specialist vs 26.2% (28 of 107) of those fol-
lowed up by a PCP (OR, 0.89; 95% CI, 0.53
to 1.51; P¼.67) were up to date with their
HBV vaccination at the end of follow-up
(Table 3).

PN Vaccination. Of the 398 patients, 113
(28.4%) were excluded because they were
either fully vaccinated for PN at the time of
cirrhosis diagnosis (n¼54; 13.6%) or never
been eligible during the study period, that is,
received a dose before diagnosis and hence
their vaccination had been current because
they never reached age 65 years during the
study period (n¼59; 14.8%). Of the remain-
ing 285 (71.6%) eligible patients, 180
(63.2%) were up to date with their PN vacci-
nation at the end of the study, of whom 81
Mayo Clin Proc Inn Qual Out n December 2020
(45.0%) received their vaccination within the
first year of eligibility (Figures 2 and 4).

In terms of demographic characteristics,
66.8% (135 of 202) of those who were
younger than 65 years vs 54.2% (45 of 83)
of those 65 years or older (OR, 1.70; 95%
CI, 1.01 to 2.87; P¼.04), 62.9% of males
(110 of 175) vs 63.6% (70 of 110) of females
(OR, 0.97; 95% CI, 0.59 to 1.58; P¼.89),
64.3% (166 of 258) of whites vs 51.9% (14
of 27) of nonwhites (OR, 1.68; 95% CI,
0.74 to 3.73; P¼.20), 55.6% (5 of 9) of His-
panics or Latinos vs 63.4% (175 of 276) of
other ethnicities (OR, 0.72; 95% CI, 0.19 to
2.97; P¼.63), 56.8% (100 of 176) of those
who are married vs 73.4% (80 of 109) of sin-
gles (OR, 2.10; 95% CI, 1.26 to 3.56;
P¼.005), and 61.4% (121 of 197) of those
who are followed up by a specialist vs
67.1% (59 of 88) of those followed up by a
PCP (OR, 0.78; 95% CI, 0.46 to 1.33;
P¼.36) were up to date with their PN vaccina-
tion at the end of the study (Table 3).
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TABLE 5. Vaccination Coverage for HAV, HBV, PN, and HZ by GIH vs LT from 2007 to 2015 in Minnesotans With
Cirrhosis Diagnosed Between 2007 and 2009 at Mayo Clinica

Specialist

GIH, no. (%) LT, no. (%)

HAV
Up to date 28 (12.6) 24 (30.4)
Not up to date 194 (87.4) 55 (69.6)
Total 222 79
P .0003

HBV

Up to date 44 (21.5) 24 (34.3)
Not up to date 161 (78.5) 46 (65.7)
Total 205 70
P .03

PN

Up to date 109 (61.2) 51 (73.9)
Not up to date 69 (38.8) 18 (26.1)
Total 178 69
P .06

HZ

Up to date 28 (21.7) 7 (18.9)
Not up to date 101 (78.3) 30 (81.1)
Total 129 37
P .71

aGIH ¼ gastroenterologist and/or hepatologist; HAV ¼ hepatitis A virus; HBV ¼ hepatitis B virus; HZ ¼ herpes zoster; LT ¼ liver
transplant specialist; PN ¼ pneumococcal pneumonia.
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HZ Vaccination. Of the 398 patients, 186
(46.8%) were excluded because they were
either vaccinated for HZ at the time of
cirrhosis diagnosis (n¼15; 3.8%) or had never
been eligible during the study period, that is,
they never reached age 60 years during the
study period (n¼171; 43.0%). Of the 212
(53.3%) eligible patients, 54 (25.5%) were
up to date with their HZ vaccination at the
end of the study, of whom 14 (25.9%)
received their vaccination within the first
year of eligibility (Figures 2 and 5).

In terms of demographic characteristics,
29.5% (31 of 105) of those who were younger
than 65 years vs 21.5% (23 of 107) of those 65
years or older (OR, 1.53; 95% CI, 0.82 to
2.88; P¼.18), 22.3% (25 of 112) of males vs
29.0% (29 of 100) of females (OR, 0.70;
95% CI, 0.38 to 1.31; P¼.26), 25.7% (49 of
191) of whites vs 23.8% (5 of 21) of non-
whites (OR, 1.10; 95% CI, 0.41 to 3.52;
P¼.85), 14.3% (1 of 7) of Hispanics or Latinos
vs 25.9% (53 of 205) of other ethnicities (OR,
Mayo Clin Proc Inn Qual Out n December 2020;4(6):667-682 n http
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0.48; 95% CI, 0.03 to 2.89; P¼.49), 26.6%
(38 of 143) of those who are married vs
23.2% (16 of 69) of singles (OR, 1.20; 95%
CI, 0.62 to 2.39; P¼.60), and 22.0% (31 of
141) of those who are followed up by a
specialist vs 32.4% (23 of 71) of those fol-
lowed up by a PCP (OR, 0.59; 95% CI, 0.31
to 1.11; P¼.10) were up to date with their
HZ vaccinations at the end of the study
(Table 3).

FLU Vaccination. For the 8 seasons from
2007 to 2014, the FLU vaccination rate was
36.1%, 42.4%, 46.3%, 48.3%, 57.5%,
64.8%, 63.4%, and 65.8%, respectively, indi-
cating a progressive increase in vaccination
rates from 36.1% to 65.8%. This steady
improvement was also reflected in the demo-
graphic characteristics (age, sex, race,
ethnicity, and marital status) and provider
follow-up (Table 4). There were only 2 to 8
patients of Hispanic or Latino ethnicity per
year, among whom coverage ranged between
s://doi.org/10.1016/j.mayocpiqo.2020.06.007 677
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TABLE 6. Influenza Vaccination Coverage by GIH vs LT from 2007 to 2015 in Minnesotans With Cirrhosis
Diagnosed Between 2007 and 2009 at Mayo Clinic

Season Total Patients

Specialist

GIH, no. (%) LT, no. (%)

2007-2008 153 73 (67.6) 30 (66.7)

P¼.91

2008-2009 243 65 (36.1) 25 (39.7)

P¼.61

2009-2010 292 139 (64.1) 50 (66.7)

P¼.68

2010-2011 254 124 (64.9) 39 (61.9)

P¼.67

2011-2012 211 90 (56.6) 30 (57.7)

P¼.90

2012-2013 177 83 (62.4) 32 (72.7)

P¼.21

2013-2014 144 67 (62.0) 23 (63.9)

P¼.84

2014-2015 108 56 (66.7) 17 (70.8)

P¼.70

GIH ¼ gastroenterologist and /or hepatologist; LT ¼ liver transplant specialist.
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42.9% (3 of 7) and 61.5% (8 of 13), except for
the 2008 to 2009 season, when all 4 patients
were vaccinated. For all other ethnic groups,
coverage steadily increased from 35.7% (55 of
154) in 2007 to 2008 to 66.5% (103 of 155)
in 2014 to 2015.

Effect of Demographics on Vaccination
Age. No significant difference in vaccination
coverage of the young population (aged <65
years) vs the elderly (aged �65 years) was
found for HAV (27.5% [69 of 251] vs 24.1%
[26 of 108]; OR, 1.20; 95% CI, 0.72 to
2.04; P¼.50), HBV (26.2% [59 of 225] vs
21.5% [23 of 107]; OR, 1.30; 95% CI, 0.76
to 2.28; P¼.35), and HZ (29.5% [31 of 105]
vs 21.5% [23 of 107]; OR, 1.53; 95% CI,
0.82 to 2.88; P¼0.18). For PN, more young
persons were vaccinated (66.8% [135 of
202] vs 54.2% [45 of 83]; OR, 1.70; 95%
CI, 1.01 to 2.87; P¼.0.4; Table 3).

Sex. No statistically significant difference was
found in the vaccination coverage of males and
females for HAV (24.2% [50 of 207] vs 29.4%
[45 of 153]; OR, 1.20; 95% CI, 0.48 to 1.23;
P¼.26), HBV (20.9% [39 of 187] vs 29.7%
Mayo Clin Proc Inn Qual Out n December 2020
[43 of 145]; OR, 0.63; 95% CI, 0.38 to
1.03; P¼.07), PN (62.9% [110 of 175] vs
63.6% [70 of 110]; OR, 0.97; 95% CI, 0.59
to 0.58; P¼.89), or HZ (22.3% [25 of 112]
vs 29.0% [29 of 100]; OR, 0.70; 95% CI,
0.38 to 1.31; P¼.27; Table 3).

Race. No significant difference in the vaccina-
tion coverage of whites vs nonwhites was
found for HBV (25.3% [77 of 304] vs 17.9%
[5 of 28]; OR, 1.56; 95% CI, 0.62 to 4.77;
P¼.38), PN (64.3% [166 of 258] vs 51.9%
[14 of 27]; OR, 1.68; 95% CI, 0.74 to 3.73;
P¼.20), or HZ (25.7% [49 of 191] vs 23.8%
[5 of 21]; OR, 1.10; 95% CI, 0.41 to 3.52;
P¼.85). For HAV, there were more whites
vaccinated than nonwhites (28.3% [91 of
322] vs 10.5% [4 of 38]; OR, 3.35; 95% CI,
1.29 to 11.45; P¼.02).

Ethnicity. Given the small number of His-
panics/Latinos, statistical significance was un-
likely to reflect the outcome. For HAV
vaccination, none of the 13 eligible His-
panics/Latinos was vaccinated (0.0%)
compared with 27.4% (95 of 347) of
non-Hispanics or Latinos (OR, 2.44; 95% CI,
;4(6):667-682 n https://doi.org/10.1016/j.mayocpiqo.2020.06.007
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0.00 to 0.43; P¼.03). One of 11 Hispanics/
Latinos was vaccinated against HBV (9.1%) vs
81 of 321 (25.2%) of non-Hispanics or Latinos
(OR, 0.18; 95% CI, 0.02 to 1.58; P¼0.22).
For PN, the coverage was 5 of 9 (55.6%) vs
175 of 276 (63.4%; OR, 0.72; 95% CI, 0.19 to
2.97; P¼0.63), and for HZ, it was1 of 7
(14.3%) vs 53 of 205 (25.9%; OR, 0.48; 95%
CI, 0.03 to 2.89; P¼.49). Although a number
of these results between ethnic groups are
statistically not significant due to small
numbers, the differences between HAV, HBV,
and HZ vaccine coverage are likely to reflect
clinically relevant differences (Table 3).

Marital Status. Comparing vaccination
coverage of those who were married or had
partners with those who were single, there
was no statistical significance in vaccination
against HAV (25.6% [54 of 211] vs 27.5%
[41 of 149]; OR, 0.91; 95% CI, 0.56 to
1.46; P¼.68), HBV (26.0% [50 of 192] vs
22.9% [32 of 140]; OR, 1.19; 95% CI, 0.72
to 1.99; P¼.51), or HZ (26.6% [38 of 143]
vs 23.2% [16 of 69]; OR, 1.20; 95% CI,
0.62 to 2.39; P¼.60). For PN, there was a sig-
nificant difference in coverage between those
who were married or had partners vs singles
(56.8% [100 of 176] vs 73.4% [80 of 109];
OR, 2.10; 95% CI, 1.26 to 3.56; P¼.005;
Table 3).

For FLU, there was no significant differ-
ence in demographic parameters for vaccina-
tion by season except for age in the 2013 to
2014 season, in which 72.0% (54 of 75) of
elderly (aged �65 years) were vaccinated vs
58.0% (69 of 119) of those younger than 65
years (OR, 0.54; 95% CI, 0.28 to 0.99;
P¼.05*); for ethnicity in the 2008 to 2009
season, in which all Hispanics or Latinos
(100% [4 of 4]) vs 41.6% (116 of 279) of
non-Hispanics or Latinos (OR, N; 95% CI,
2.25 to N; P¼.02) were vaccinated; and for
marital status in the 2011 to 2012 season, in
which 62.4% (101 of 162) of those who
were married or had partners were vaccinated
vs 50.5% (56 of 111) of singles (OR, 1.63;
95% CI, 1.00 to 2.66; P¼.05; Table 4).

Effect of Provider Specialty on Vaccination
There was no significant difference in vaccina-
tion coverage for those who were usually seen
by a GIH vs those usually seen by a PCP for
Mayo Clin Proc Inn Qual Out n December 2020;4(6):667-682 n http
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HAV (26.3% [64 of 243] vs 26.5% [31 of
117]; OR, 0.99; 95% CI, 0.60 to 1.64;
P¼0.97), HBV (24.0% [54 of 225] vs 26.2%
[28 of 107]; OR, 0.89; 95% CI, 0.53 to
1.51; P¼.67), PN (61.4% [121 of 197] vs
67.1% [59 of 88]; OR, 0.78; 95% CI, 0.46
to 1.33; P¼.36), or HZ (22.0% [31 of 141]
vs 32.4% [23 of 71]; OR, 0.59; 95% CI,
0.31 to 1.11; P¼.10; Table 3).

For FLU, there was no significant differ-
ence in vaccination coverage by provider
except for the 2008 to 2009 season, for which
results revealed more coverage in the primary
care setting (55.8% [48 of 86] vs 36.6% [72 of
197]; OR, 0.46; 95% CI, 0.27 to 0.76; P¼
.003; Table 4).

On further separating specialist group
into GIH and liver transplant specialist
(Tables 5 and 6), we found that more vacci-
nation coverage for HAV (12.6% [28 of
222] vs 30.4% [24 of 79]; OR, 3.02; 95%
CI, 1.62 to 5.63; P¼.0003) and HBV
(21.5% [44 of 205] vs 34.3% [24 of 70];
OR, 1.91; 95% CI, 1.05 to 3.46; P¼.03) in
patients who follow up with a liver transplant
specialist. There was no significant difference
for PN (61.2% [109 of 178] vs 73.9% [51 of
69]; OR, 1.79; 95% CI, 0.97 to 3.32; P¼.06)
and HZ (21.7% [28 of 129] vs 18.9% [7 of
37]; OR, 0.84; 95% CI, 0.33 to 2.12;
P¼.71) vaccination coverage between the 2
specialties. For FLU vaccination, there was
no difference between the 2 specialties
throughout the years of the study.

DISCUSSION
Chronic liver disease and cirrhosis are one of
the leading causes of death in the United
States.1-3 Patients with CLD and cirrhosis are
considered immunocompromised and suscep-
tible to certain severe infections, including
HAV, HBV, PN, HZ, and FLU, with subsequent
major complications, morbidity, and mortal-
ity.4-12 The ACIP recommends vaccinating pa-
tients with CLD against these infections.
Studies and national data surveys revealed
that vaccination in this group of patients is sub-
optimal18,19,21 (Table 1), and few studies have
been conducted in patients with cirrhosis.

Our study examined a reasonably sized
cohort compared with similar previous
studies.19 Recent studies of larger populations
did not study all 5 vaccines at the meticulous
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level of detail that we achieved.16,18,21 We also
followed a different methodology than prior
studies with the aim of obtaining more precise
results. For example, we determined the vac-
cine up-to-date status at the end of follow-up
based on the time frame within which each
vaccine was scheduled to be delivered, instead
of relying solely on criteria such as whether
the patient received at least 1 vaccination to
determine their vaccination status, as had
been used in some previous studies. Address-
ing the details of vaccine delivery by dose spe-
cifically interrogates the quality of care
delivery.

Our secondary objectives also included
determining the time within which the pa-
tients received their vaccination after they
became eligible for those who ever received
vaccination in the follow-up period, as well
as those who were vaccination naive at
cirrhosis diagnosis. In addition, we
addressed secondary questions examining
the influences of demographic characteristics
and type of care provider on vaccination
coverage.

We included all Minnesotans with
cirrhosis diagnosed between 2007 and 2009
at Mayo Clinic in Rochester, Minnesota, and
its regional Health Care System. The vaccina-
tion status of patients was followed up from
the time of diagnosis of cirrhosis until they
were lost to follow-up or the end of the study
in May 2015. We obtained detailed vaccina-
tion data and patient characteristics from facil-
ity medical records, with additional
vaccination information obtained from the
Minnesota Immunization Information
Connection.

A total of 398 patients were included, with
further exclusions for each vaccine indepen-
dently. At the end of their follow-up, 26.4%
(95 of 360), 24.7% (82 of 332), 63.2% (180
of 285), and 25.5% (54 of 212) were up to
date with their vaccination for HAV, HBV,
PN, and HZ, respectively. For FLU, our study
revealed a progressive improvement from
36.1% (57 of 158) in the 2007 to 2008 season
to 65.8% (106 of 161) in the 2014 to 2015
season. For HAV, PN, HZ, and FLU, these re-
sults reflect improvements from previous
studies and surveys18,19,21 (Table 1).

Of those who never received HAV or HBV
vaccination before the cirrhosis was
Mayo Clin Proc Inn Qual Out n December 2020
diagnosed, 13.2% (42 of 318) and 16.4%
(50 of 304) received partial vaccination and
18.6% (59 of 318) and 23.4% (71 of 304)
completed their vaccination series for HAV
and HBV, respectively, during the follow-up
period. Of those who received vaccination
during the follow-up, only 39.6% (HAV) and
55.4% (HBV) received their first dose within
the first year of cirrhosis diagnosis.

Only 45.0% (81 of 180) and 25.9% (14 of
54) of those who were up to date for PN and
HZ, respectively, received their vaccination
within the first year of eligibility.

Regarding the effect of demographic
characteristics on vaccination coverage, our
study revealed that more younger people
and more unmarried singles were vaccinated
for PN, and more whites, for HAV. For FLU,
more elderly in the 2013 to 2014 season
and more married people in the 2011 to
2012 season were vaccinated. Regarding ef-
fects of ethnicity, there were relatively few
Hispanics/Latinos in Minnesota and conse-
quently few differences reached statistical
significance, even when they appeared
potentially clinically relevant.

No significant difference in specialist vs
primary care provider coverage was seen
except for FLU in the 2008 to 2009 season,
when more vaccinations were done in the pri-
mary care setting (55.8% [48 of 86] vs 36.6%
[72 of 197]; P¼.003). Compared with a previ-
ous study, patients in primary care had more
often received FLU (47.0% vs 32.0%;
P<.001) and PN vaccines (39.0% vs 19.0%;
P<.001), whereas those seeing specialists
had more often completed HAV (28.0% vs
5.0%; P<.001) and HBV (29.0% vs 14.0%;
P<.001) vaccinations.58

Potential solutions and suggestions to
improve vaccination rates in this population
include but are not limited to the education
of patients about the importance of adult vac-
cinations, especially in debilitating conditions
such as cirrhosis; handling of financial bar-
riers; easing vaccination delivery (eg, through
retail clinics); setting vaccination protocols;
and reminders for health care professionals,
as well as follow-up protocols with patients
to make sure they have completed the vaccines
and serologic tests are routinely checked and
repeated when appropriate. Also, it is impor-
tant to address any demographic factors,
;4(6):667-682 n https://doi.org/10.1016/j.mayocpiqo.2020.06.007
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such as age, race, ethnicity, and marital status,
as potential barriers to vaccination.
Healthy People 2020 Target (for PN, FLU,
and HZ vaccination)
Our study revealed that PN vaccination has
already reached the Healthy People 2020
target for high-risk adults (63.2% [180 of
285] in our study vs a target of 60.0%). Vacci-
nation for FLU steadily improved in our study
period from 36.1% (57 of 158) in the 2007 to
2008 season to 65.8% (106 of 161) in the
2014 to 2015 season. Vaccination for HZ
was 25.5% (54 of 212) at the end of our study
(2015), improving from a national rate of
6.7% in 2008 but still far from the Healthy
People 2020 target of 60.0%.
Limitations
The study was conducted in a single state but
in a large referral center and its local outreach
facilities. Also, because we were concentrating
on the quality of care regarding vaccination
coverage, because of the retrospective nature
of the study and the difficulty obtaining such
information for every patient, we were unable
to obtain serologic/laboratory confirmation of
patient immunity for most of the vaccines.
CONCLUSION
We evaluated vaccination trends for HAV,
HBV, PN, HZ, and FLU in patients with liver
cirrhosis. Except for PN vaccination and
steady improvement in FLU vaccination, it ap-
pears that current vaccination coverage figures
in patients with cirrhosis are suboptimal and
far away from the Healthy People 2020 target.
More interventions and vaccination trends will
need to be considered to improve vaccination
coverage. Although our study was conducted
in a single state, it might represent a nation-
wide outcome. Further studies are needed to
confirm this.
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