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Background. Yearly influenza immunization is recommended for immunocompromised (IC) individuals, although immune
responses are lower than that for the nonimmunocompromised and the data on vaccine effectiveness (VE) in the IC is scarce. We
evaluated VE against influenza-associated hospitalization among IC adults.

Methods. We analyzed data from adults > 18 years hospitalized with acute respiratory illness (ARI) during the 2017-2018
influenza season at 10 hospitals in the United States. IC adults were identified using prespecified case definitions using elec-
tronic medical record data. VE was evaluated with a test-negative case-control design using multivariable logistic regression
with polymerase chain reaction-confirmed influenza as the outcome and vaccination status as the exposure, adjusting for
age, enrolling site, illness onset date, race, days from onset to specimen collection, self-reported health, and self-reported
hospitalizations.

Results.  Of 3524 adults hospitalized with ARI, 1210 (34.3%) had an immunocompromising condition. IC adults were more
likely to be vaccinated than non-IC (69.5% vs 65.2%) and less likely to have influenza (22% vs 27.8%). The mean age did not differ
among IC and non-IC (61.4 vs 60.8 years of age). The overall VE against influenza hospitalization, including immunocompetent
adults, was 33% (95% confidence interval [CI], 21-44). VE among IC vs non-IC adults was lower at 5% (95% CI, -29% to 31%) vs
41% (95% CI, 27-52) (P < .05 for interaction term).

Conclusions. VE in 1 influenza season was very low among IC individuals. Future efforts should include evaluation of VE
among the different immunocompromising conditions and whether enhanced vaccines improve the suboptimal effectiveness among

the immunocompromised.
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The number of immunocompromised (IC) individuals has in-
creased because of greater longevity of the population, increasing
numbers of solid organ and stem cell transplants, advances in
the treatment of hematologic and solid malignancies, increase in
the number of individuals living with human immunodeficiency
virus (HIV), and the use of steroids, immune-modulating agents,
and other immunosuppressive drugs to treat autoimmune and
inflammatory conditions [1, 2]. Immunosuppressive conditions
are heterogeneous and the degree and type of immune deficiency
caused by each one of these conditions vary, but a unifying conse-
quence is an increased risk of many infectious diseases including
influenza [3]. Influenza is a common cause of illness and death,

Received 8 October 2020; editorial decision 23 December 2020; published online 3 January
2021.

Correspondence: F. P. Silveira, 3601 Fifth Ave, Suite 5B, Pittsburgh, PA 15213 (silveirafd@
upmc.edu).
Clinical Infectious Diseases® 2021;73(11):¢4353-60
© The Author(s) 2021. Published by Oxford University Press for the Infectious Diseases Society

of America. All rights reserved. For permissions, e-mail: journals.permissions@oup.com.
DOI: 10.1093/cid/ciaa1927

with an estimated 140 000-810 000 influenza-associated hospi-
talizations and 12 000-61 000 influenza-associated deaths annu-
ally in the United States [4].

IC individuals are at higher risk for influenza-related com-
plications, including increased frequency of hospitalization, in-
tensive care unit admission, longer duration of hospitalization,
and death [5-10]. Influenza vaccination is the best available
intervention for preventing these complications, and annual
influenza vaccination is recommended for IC individuals [11].
However, the data on protection afforded by influenza vaccines
in IC adults are scarce. A recent study on cancer patients dem-
onstrated a vaccine effectiveness (VE) of 20% against influenza
hospitalization compared with 42% in the general population
[12, 13]. Most studies of IC adults are small and evaluate im-
munogenicity as a surrogate of effectiveness [14]. These immu-
nogenicity studies among various IC groups have demonstrated
that antibody responses to inactivated influenza vaccines are
suboptimal compared with those without immunosuppression
[14, 15]. However, immune response to vaccine does not neces-
sarily directly relate to vaccine effectiveness [16, 17]. Since the
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2015-2016 influenza season, the Centers for Disease Control
and Prevention-funded U.S. Hospitalized Adult Influenza
Vaccine Effectiveness Network (HAIVEN) has estimated in-
fluenza VE among adults hospitalized for acute respiratory
infections.

Understanding influenza VE in IC individuals is crucial to
the development of appropriate vaccination and public health
policies. The purpose of this study was to evaluate influenza
VE among hospitalized immunocompromised adults enrolled
in the HAIVEN study during the 2017-2018 influenza season,
when specific efforts were made to identify immunocompro-
mised patients using case definitions for immunocompromising
conditions.

METHODS

Study Design and Enrollment

The HAIVEN study is a multicenter, prospective, test-negative,
case-control study to determine an annual estimate of VE
against influenza-associated hospitalizations among adults in
the United States. Methods for the HAIVEN study have been
described previously [18]. Briefly, adults > 18 years of age with
new or worsening cough or sputum production of < 10 days’
duration and a respiratory specimen collected < 10 days from
illness onset and < 72 hours after hospital admission at 1 of
10 hospitals in Pennsylvania, Michigan, Tennessee, and Texas
were eligible. Inclusion criteria included age >18 years, admis-
sion for an acute respiratory illness, or worsening of a chronic
respiratory illness with a new or worsening cough. During the
2017-2018 influenza season, details on demographics, symp-
toms, influenza vaccination status, number of recent hospi-
talizations, and history of organ or stem cell transplant, and
chemotherapy or radiation therapy in the preceding year were
collected through the enrollment interview. Information about
the clinical course and disease severity was obtained from elec-
tronic medical records (EMRs). All International Classification
of Diseases-10 Diagnosis Clinical Modification (ICD-10-CM)
codes and current procedural terminology (CPT) codes from all
encounters in the 12 months before enrollment were obtained
from the EMRs and used to identify the high-risk conditions
associated with an increased risk of serious influenza compli-
cations [11].

Influenza Case Classification

Enrolled patients provided respiratory specimens for influ-
enza testing by polymerase chain reaction (PCR). Specimens
were either nasal and oropharyngeal swabs that were tested
in research laboratories with Centers for Disease Control and
Prevention PCR protocols or clinical nasopharyngeal speci-
mens tested by PCR in hospital laboratories provided they were
collected within 10 days of illness onset and 72 hours of admis-
sion. Enrolled patients who tested positive for influenza were

classified as cases and those who tested negative for all influ-
enza types were controls.

Influenza Vaccination Status

Self-reported current season influenza vaccination status was
confirmed by medical record review, state immunization reg-
istry records, occupational health records, health insurance
billing claims, and records from patients’ primary care pro-
viders. Information collected included date and route of ad-
ministration and product name, manufacturer, and lot number.
Self-reported vaccination was accepted if the patient provided
a date and location for the vaccination. A participant was con-
sidered vaccinated if he or she received the 2017-2018 influenza
vaccine > 14 days before illness onset. Because up to 14 days is
required to mount an immune response to vaccination, those
vaccinated 0-13 days before illness onset were excluded becaue
of indeterminate vaccination status.

Identification of Inmunocompromising Conditions
All ICD-10-CM codes for all encounters and receipt of the
biologic chemotherapeutic agents bortezomib, carfilzomib,
daratumumab, dasatinib, gemtuzumab, and imatinib in the year
before study enrollment were collected from EMR data. In the
2017-2018 influenza season, the enrollment questionnaire asked
if the participant received chemotherapy or radiation therapy
for cancer in the 12 months before enrollment. Eight groups of
immunocompromising conditions were defined: organ trans-
plantation, stem cell transplantation, underlying immunodefi-
ciency (inborn errors of immunity), connective tissue disorder,
receipt of chemotherapy or radiation therapy, hematologic con-
ditions, chronic steroid use, and HIV. The basis for the groups
was a previously described algorithm for identifying patients
with active immunosuppression using ICD and CPT codes in
a large database of patients with severe sepsis [19]. We slightly
modified this algorithm in 2 aspects. For solid malignancies,
we only included patients actively treated with chemotherapy or
radiation to improve specificity of immunosuppression. We also
included patients on chronic use of steroids (identified by ICD-
10-CM codes). We considered the enrollment question on re-
ceipt of chemotherapy or radiation therapy as the gold standard
and our data found that ICD-10-CM and CPT codes have low
sensitivity to identify patients receiving chemotherapy or radi-
ation therapy (Supplementary Table S1). Therefore, we identi-
fied patients with immunocompromising conditions based on
ICD-10-CM codes listed (Supplementary Table S2), except for
the receipt of chemotherapy or radiation therapy, which were
determined from ICD-10-CM codes, or receipt of one of the
biologic chemotherapeutic agents listed, or a positive answer to
the enrollment question about the receipt of chemotherapy or
radiation therapy.

The IC groups were mutually exclusive (ie, if a participant
had more than 1 IC condition, the participant was classified
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based on a hierarchical algorithm as shown in Supplementary
Figure S1 and counted only once). The different classification
groups were defined based on the authors’ expert opinion. For
example, if a participant had ICD-10-CM codes for organ trans-
plant and chemotherapy, this participant was grouped in organ
transplant.

Statistical Analysis

Demographic and other characteristics of the IC and non-IC
groups were compared using Pearson X’ test or Fisher exact
test for categorical variables and 2-sample ¢ test for continuous
variables.

VE was calculated by estimating the odds of influenza posi-
tivity among vaccinated patients compared with unvaccinated
patients for the IC and non-IC groups using multivariable lo-
gistic regression using influenza positivity as the outcome and
vaccination status as the exposure variable, with VE = (1 - ad-
justed odds ratio) x 100% [20].

In the primary analysis, we stratified the sample by immuno-
compromised status and estimated VE in each stratum:

For i =1 to 2 strata of overall (any) immunocompromising
status, logit (flu=1) = By + Bi(vacc) ... + 5.2

where

flu =1 if PCR-confirmed flu case (of specific type/subtype);
0 otherwise

vacc = 1 if received vaccine >14 days before symptom onset;
0 otherwise

Z = vector of adjustment variables including age (contin-
uous), enrollment site, race, days from illness onset to spec-
imen collection, date of illness onset (categorized as pre-peak,
peak, or post-peak influenza periods [18], Supplement 1), self-
reported health status (poor/fair and good/very good/excel-
lent), and self-reported number of hospitalizations

and with VE defined as

VE =[1 — exp(B1)] * 100%.

To test if VE differed by immunocompromised status, we re-
gressed flu status on vaccination status, immunocompromised
status, and the pairwise multiplicative interaction between vac-
cination status and immunocompromised status:

logit(flu=1) = By + Pi(vacc) + Ba(vacc x IC) + ...+ B.Z

where variables are defined as previously and
IC =1if immunocompromised
(any immunocompromising condition) ;
0 otherwise

Effect modification of VE by immunocompromised status was
assumed to be statistically significant if the test statistic for

assessing if the coefficient for the interaction term, 8., differed
from zero had a P value < .05.

In secondary analyses, we stratified subjects by type-specific
immunocompromised status and estimated VE within each
stratum using a main effects model:

For i =1 to 9 strata of type — specific immunocompromising status,
logit(flu = 1) = By + b1 (vacc)... + 5,Z

where variables are defined as previously except for models for
immunodeficiency and HIV subgroups, in which Z = vector of
adjustment variables including age (continuous), enrollment
site, race, days from illness onset to specimen collection, date
of illness onset (categorized as pre-peak, peak, or post-peak
influenza periods [18]), self-reported health status (poor/fair
and good/very good/excellent), and self-reported number of
hospitalizations.

Because we did not specifically calculate sample sizes for this
study, we did a post hoc power analysis based on the observed
number of cases (n = 900) and controls (2600), vaccination rate
among controls (67%), power of 80%, and a significance level of
0.05. We determined a minimum detectable vaccine effective-
ness of 20% in our overall study population during the 2017-
2018 influenza season based on these assumptions.

Analyses were conducted with SAS, version 9.4, software.
Statistical significance was defined as a P value < .05 or a 95%
confidence interval (CI) excluding the null value. We inter-
preted differences in VE estimates by IC vs non-IC subgroups,
considering P value <.15 as statistically significant, which is in
line with guidance for interpreting interaction between 2 di-
chotomous variables when effect size is expected to be mod-
erate to high [21, 22]. The study protocol was approved by the
research ethics boards at the participating institutions.

RESULTS

A total of 4108 hospitalized adults were enrolled in HAIVEN in
the 2017-2018 influenza season. Of these, 584 were excluded
because of enrollment earlier or later than the period of influ-
enza circulation in the community (n = 259), missing vaccina-
tion status (n = 201), missing number of self-reported past year
hospitalizations (n = 59), and other reasons (n = 65) (Figure 1).
In the resulting dataset (n = 3524), 1210 (34.3%) adults were
identified as having an immunocompromising condition: organ
transplant (n = 144, 11.9%); stem cell transplant (n = 28, 2.3%);
underlying immunodeficiency (n = 49, 4.0%); connective tissue
and rheumatologic disease (n = 130, 10.7%); chemotherapy
and radiation therapy (n = 242, 20%); hematologic condition
(n =175, 14.5%); chronic steroid use (n = 397, 32.8%); and HIV
(n =45,3.7%).

Overall, participants were more likely to be female (56.9%)
and white (62.2%). Mean age was 61 (standard deviation
17.1) years, 66.7% were vaccinated, 25.8% had influenza, and
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Enrolled (n=4,108)

Excluded (n=584)

- Pre- and post-season enroliments (n=259)

- Specimen collection >10 days after onset (n=6)
- Missing flu status (n=5)

- Subsequent flu-negative enroliments if flu
positive for an earlier enrollment (n=20)

- Multiple enroliments for illnesses with onset
dates <14 days apart (n=4)

- Missing vaccination status (n=201)
- Missing self-reported health status (n=15)

- Missing race dichotomized as African American
vs another race (n=15)

- Missing number of self-reported past year
hospitalizations (n=59)

Analytic dataset (n=3,524)

v

v

Immunocompromised
(n=1,210)

Non- Immunocompromised
(n=2,314)

Organ transplant (n=144)

Stem cell transplant (n=28)

Underlying immunodeficiency (n=49) |

Connective tissue/rheumatologic disease (n=130) |

Chemotherapy/radiation therapy (n=242) |

Hematologic condition (n=175) |

Chronic steroid (n=397)

HIV (n=45)
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Figure 1.

US Hospitalized Adult Influenza Vaccine Effectiveness Network (HAIVEN) study population, 2017-2018. Immunocompromised groups were mutually exclusive

and followed the order listed here. As an example, if an individual had an ICD-10 code that classified him/her as an organ transplant, this individual was grouped in this cat-
egory, even if he/she also had an ICD-10 for chemotherapy. Abbreviations: HIV, human immunodeficiency virus; ICD, International Classification of Diseases.

84.2% had > 3 high-risk conditions (Table 1). The IC and
non-IC groups differed for several characteristics. IC parti-
cipants were significantly more likely than non-IC to be of
white race (67.9% vs 59.3%, P < .001), have a lower body
mass index (30.1 vs 31.2, P = .003), be vaccinated (60.2% vs
54.6%, P = .002), have a longer hospital length of stay (4 vs
3 days, P < .001), have > 3 high-risk conditions (94.2% vs

79%, P < .001), have had > 4 hospitalizations in the previous
year (25.5% vs 19.1%, P < .001), and present earlier in the
pre-peak period (42.1% vs 37.4%, P = .02). IC participants
were significantly less likely than non-IC participants to test
positive for influenza (22% vs 27.8%, P < .001) and to self-re-
port their health as fair or poor (45% vs 53.6%, P < .001)
(Table 1).
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Table 1. Patient Characteristics Overall by Immunocompromising Condition, US Hospitalized Adult Influenza Vaccine Effectiveness (HAIVEN) Study,

2017-2018 (n = 3524)

Total Nonimmunocompromised Immunocompromised
(n = 3524) (n=2314) (n=1210) PValue
Enrollment site, n (%)
Michigan 943 (26.8) 714 (30.9) 229 (18.9) <.001
Pennsylvania 834 (23.7) 571 (24.7) 263 (21.7)
Tennessee 589 (16.7) 369 (16.0) 220 (18.2)
Texas 11568 (32.9) 660 (28.5) 498 (41.2)
Female, n (%) 2004 (56.9) 1317 (56.9) 687 (56.8) .94
Age group, n (%), y
18-49 790 (22.4) 534 (23.1) 256 (21.2) .37
50-64 1173 (33.3) 753 (32.5) 420 (34.7)
65-74 798 (22.6) 517 (22.3) 281 (23.2)
75+ 763 (21.7) 510 (22.0) 253 (20.9)
Age, mean + SD 61.0 + 171 60.8 + 17.7 614 +15.9 .29
Race, n (%)
White, non-Hispanic 2193 (62.2) 1371 (69.3) 822 (67.9) <.001
Non-white 1331 (37.8) 943 (40.8) 388 (32.1)
BMI, mean = SD 30.8+95 31.2+98 30.1+89 .001
Any flu, n (%)
Negative 2614 (74.2) 1670 (72.2) 944 (78.0) <.001
Positive 910 (25.8) 644 (278) 266 (22.0)
Documented vaccination, n (%)
No 1174 (33.3) 805 (34.8) 369 (30.5) .01
Yes 2350 (66.7) 1509 (65.2) 841 (69.5)
Vaccine type, n (%)
Standard dose 1443 (61.4) 921 (59.7) 522 (62.1) .02
High dose 523 (22.3) 365 (23.4) 158 (18.8)
Unknown 384 (16.3) 223 (14.8) 161 (19.1)
Length of stay, median (IQR) 3.0 (4.0) 3.0(3.0) 4.0 (4.0 <.001
Influenza-like illness symptoms, n (%)
No 1208 (34.3) 797 (34.4) 411 (34.0) .78
Yes 2316 (65.7) 15617 (65.6) 799 (66.0)
Number of high-risk conditions, n (%)
No high-risk conditions 162 (4.6) 141 (6.1) 21(1.7) <.001
1-2 high-risk conditions 394 (11.2) 345 (14.9) 49 (4.1)
>3 high-risk conditions 2968 (84.2) 1828 (79.0) 1140 (94.2)
Self-reported hospitalizations in the prior year, n (%)
0-3 hospitalizations 2773 (78.7) 1871 (80.9) 902 (74.6) <.001
>4 hospitalizations 751 (21.3) 443 (19.1) 308 (25.5)
Interval from illness onset and specimen collection, n (%)
0-1d 693 (19.7) 435 (18.8) 258 (21.3) 14
2-4d 1621 (46.0) 1065 (46.0) 556 (46.0)
5-10 d 1210 (34.3) 814 (35.2) 396 (32.7)
Onset date
Pre-peak 1374 (39.0) 865 (374) 509 (42.1) .02
Peak 844 (24.0) 559 (24.2) 285 (23.6)
Post-peak 1306 (37.1) 890 (38.5) 416 (34.4)
Self-reported health status, n (%)
Excellent/very good/good 1739 (49.4) 1074 (46.4) 665 (55.0) <.001
Fair/poor 1785 (50.7) 1240 (53.6) 545 (45.0)

Abbreviations: BMI, body mass index; IQR, interquartile range; SD, standard deviation.

There were 266 influenza cases in the IC adults and 644 in-
fluenza cases in non-IC adults. Most influenza infections were
caused by influenza A; 530 (78.8%) were A(H3N2) viruses. Of
238 influenza B infections, 200 (84%) were due to B Yamagata
lineage viruses (Figure 2).

The patients in the 8 immunocompromised groups differed
in sex, enrollment site, age/age group, race, body mass index,
influenza status, documented influenza vaccination, number
of high-risk conditions, and self-reported health status, but not
in the number of hospitalizations in the previous year, interval
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from illness onset to specimen collection, and date of illness
onset (Supplementary Table S3).

Overall, vaccination was 33% (95% CI, 21-44) effec-
tive in preventing hospitalization. Among IC adults, VE
was 5% and not significant (95% CI, -29% to 31%). VE in
non-IC adults was 41% (95% CI, 27-52) (P < .05 for inter-
action term) (Table 2). VE for the different immunocompro-
mised conditions varied widely, from -73% for individuals
with underlying immunodeficiency to 84% for stem cell
transplant; however, this study was not powered to look at

these subgroups and the confidence intervals varied widely
(Supplementary Figure S2).

DISCUSSION

During the high-severity 2017-2018 US influenza season, we
found that influenza vaccination reduced the odds of influenza-
associated hospitalization among adults by 33%. Overall, VE
during the 2017-2018 season was lower than that estimated
in previous seasons in this network (42%-54%) [18, 23]. That
influenza A(H3N2) viruses circulating in 2017-2018 were
antigenically different from the vaccine H3N2 strain because of
suspected egg-adapted glycosylation in the antigenic epitopes
of the vaccines may be responsible for the lower VE [24].
Compared with VE in non-IC adults (41%), VE in IC adults
was substantially lower (5%) during this season. This lower VE
among IC adults is unlikely to be an artifact, because the find-
ings are consistent with the immunogenicity studies of inacti-
vated influenza vaccines that have demonstrated significantly
reduced humoral immune responses to standard inactivated
influenza vaccines in immunosuppressed patients with HIV,
organ transplants, cancer, and those receiving immunosuppres-
sants [14]. In this network, influenza vaccination rate among
controls was greater in the IC (60%) than in the non-IC group
(54%), which is consistent with national US data in the in-
sured population [25]. The higher vaccination rate among IC
may be due to more frequent healthcare encounters and closer
monitoring among IC patients offering more opportunities to
vaccinate, or a heightened perception of risk for influenza com-
plications by providers, leading to increased willingness to rec-
ommend influenza vaccine, and by patients, leading to greater
willingness to receive vaccination.

Limited data exist on the prevention of influenza infection
on IC adults by vaccination. Most studies have focused on the
measurement of humoral antibody response among patients
with particular immunocompromising conditions and have

Table 2.

Influenza Vaccine Effectiveness for Prevention of Influenza A or B-associated Hospitalizations in Immunocompromised and

Nonimmunocompromised Adults, US Hospitalized Adult Influenza Vaccine Effectiveness (HAIVEN) Study, 2017-2018

N Influenza Cases (% Vaccinated)

Unadjusted VE, % (95% Cl) Adjusted VE, % (95% CI)®

All, n = 3524 910 (67)
Nonimmunocompromised, n = 2314 644 (65)
Immunocompromised, n = 1210 266 (70)
Nonimmunocompromised, influenza A 471 (65)
Immunocompromised, influenza A 202 (70)
Nonimmunocompromised, H1N1 71 (65)
Immunocompromised, HTN1 33 (70)
Nonimmunocompromised, H3N2 369 (65)
Immunocompromised, H3N2 161 (70)
Nonimmunocompromised, influenza B 173 (65)
Immunocompromised, influenza B 65 (70)

28 (16-38) 33 (21-44)
36 (23-47) 41 (27-562)
-0.3 (35 to 25) 5 (-29 to 31)
31 (15-44) 31 (14-46)
1 (=37 to 29) 4 (-36 to 32)
57 (32-74) 52 (19-71)
60 (17-80) 51 (-2 to 77)
21(0-37) 23 (0-40)
-28 (=87 to 12) -18 (=75 to 20)
34 (10-52) 45 (22-61)
1 (=70 to 43) 13 (52 to 51)

Abbreviations: Cl, confidence interval; VE, vaccine effectiveness.

?Adjusted for enrolling site, onset date (pre-peak, peak, post-peak), age, race, days from illness onset to specimen collection (0-1, 2-4, 5-10 days), self-reported health (poor/fair, good/very

good/excellent), and self-reported hospitalizations.
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reported significantly reduced humoral immune responses [15,
26, 27]. However, this approach disregards the relationship be-
tween clinical outcomes and immune response, the levels of
antibody titers from previous immunizations that may cause
overestimations of response, and the role of cell-mediated
immune response to vaccination in the prevention of influ-
enza infection. Although studies of high-dose influenza vac-
cine have demonstrated improved antibody responses in adult
organ transplant recipients and improved antibody responses
and outcomes in adults older than 65 years of age compared
with standard dose vaccine, it is unknown if enhanced vaccine
options, such as high-dose and adjuvanted vaccines, could im-
prove VE in immunocompromised groups [27-30]. Increasing
the evidence base for informing the use of enhanced influ-
enza vaccines in immunosuppressed populations is necessary
for determining if these interventions might offer added value
to standard influenza vaccines and potentially contribute to
improving efficacy of these vaccines.

A primary challenge in the study of influenza VE in
IC individuals is the definition of immunocompromise.
Immunocompromising conditions are heterogenous and the
degree of immunosuppression among groups is challenging to
quantify. Additionally, within a defined IC group, differences in
the degree of immunosuppression are difficult to assess, based
on clinical records. We considered ~34% of the adults hospi-
talized with an acute respiratory illness during the influenza
season as being immunocompromised by predefining groups
of immunocompromising conditions that were identified by
ICD-10-CM codes for all medical encounters in the preceding
year. To complement our case definition, we also analyzed
the addition of CPT codes for chemotherapy administration,
chemotherapeutic drugs recorded in the EMRs, and a question
at the time of enrollment about the receipt of chemotherapy or
radiation therapy in the preceding 12 months. Although we did
not collect other immunosuppressant and biological data, we
identified a similar proportion of IC adults among those hospi-
talized with acute respiratory illness as identified in the study by
Patel et al that used MarketScan data to estimate the prevalence
of immunosuppressive conditions and risk for acute respiratory
illnesses [25].

Findings of this study should be interpreted in the context of
several limitations. Although we used an objective and system-
atic mechanism to identify the different IC groups, our identi-
fication of the IC groups accounts for only a rough measure of
immunosuppression. We did not consider the presence of more
than 1 immunocompromising condition, and we were unable
to evaluate the effect of timing of vaccination in relation to the
immunosuppression. We were unable to evaluate VE among
different IC because of inadequate sample sizes. A study with
a greater number of IC adults that allows for analyses of sub-
groups, virus subtypes, and different vaccine formulations is
needed for definitive conclusions. Our study is also limited to a

single season when vaccine was mismatched to the circulating
A/H3N2 viruses and thus may not be applicable to other influ-
enza viruses. Data are also from 10 hospitals in 4 US states and
may not be generalizable.

Our study’s strengths include the use of a standardized pro-
tocol with symptom-based eligibility and comprehensive PCR
testing to identify influenza cases and controls, a test-negative
case control design, and recruitment in geographically diverse
areas. Furthermore, our study shows thatimmunocompromising
conditions can be identified based on EMR data, without the
need for cumbersome medication reviews.

Proper identification of IC groups in future VE studies will
have implications for public policy development, such as a
recommendation for a different vaccine formulation for IC
groups, or a consideration for chemoprophylaxis for those with
immunocompromise.

Vaccine effectiveness against influenza was not significant
among hospitalized immunocompromised patients. In light of
our findings, decreasing the burden of influenza in IC individ-
uals may be less dependent on improving their vaccine coverage
than on improving vaccination rates of close contacts of the IC
individual, thereby creating a circle of protection around an IC
individual. Mathematical modeling has shown that even small
improvements in VE and vaccine coverage are associated with
substantial reductions in influenza burden [31].

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
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