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Hospitalized Patients With 2009 HIN1 Influenza Infection:
The Mayo Clinic Experience

CHAKRADHAR VENKATA, MBBS; PRiYA SAMPATHKUMAR, MD; AND BEKELE AFESSA, MD

OBJECTIVE: To describe the clinical course and outcome of adults
hospitalized with the 2009 HAN1 influenza infection.

PATIENTS AND METHODS: In this retrospective study, we reviewed
the electronic medical records of patients with H1N1 influenza
infection treated at Mayo Clinic in Rochester, MN, from May 1,
2009, through December 31, 2009.

RESULTS: We identified 1053 patients with HLN1 influenza infec-
tion; this study consists of 66 hospitalized adults (6%). Patients’
mean * SD age was 46.9+17.8 years. The 3 most common co-
morbidities were hypertension in 31 patients (47%), obesity in
29 (44%), and diabetes mellitus in 21 (32%). The most common
symptoms were cough in 58 patients (88%), fever or chills in 55
(83%), and dyspnea in 47 (71%). Twenty-nine patients (44%) were
admitted to the intensive care unit (ICU). Dyspnea and thrombocy-
topenia were more common in the ICU patients. The hospital, 28-
day, and 90-day mortality rates were 8% (5/66), 11% (7/66), and
14% (9/66), respectively. Among the 29 ICU patients, 23 (79%)
received mechanical ventilation, and 16 (55%) developed acute
lung injury or acute respiratory distress syndrome. Rescue therapy
for refractory respiratory failure was provided for 6 patients (21%).
Of the 29 ICU patients, 10 (34%) required vasopressor support,
and 4 (14%) required acute renal replacement therapy.

CONCLUSION: Hospitalized adults with HLN1 influenza infection
are relatively young, and a significant number require treatment
in the ICU. Among the patients who require ICU admission, most
develop acute lung injury or acute respiratory distress syndrome
and require mechanical ventilator support.
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APS = Acute Physiology Score; ALI = acute lung injury; APACHE = Acute
Physiology and Chronic Health Evaluation; ARDS = acute respiratory
distress syndrome; BMI = body mass index; CDC = Centers for Disease
Control and Prevention; ICU = intensive care unit; IQR = interquartile
range; RIFLE = Risk of renal dysfunction, Injury to the kidney, Failure of
kidney function, Loss of kidney function, and End-stage kidney disease;
rRT-PCR = real-time reverse transcriptase polymerase chain reaction;
SOFA = Sequential Organ Failure Assessment

An outbreak of 2009 HIN1 influenza infection was
identified in Mexico in late March 2009.! This virus
spread rapidly worldwide, prompting an international pan-
demic alert by the World Health Organization on June 11,
2009.% As of January 31, 2010, the infection had spread to
211 countries and overseas territories, resulting in 15,174
reported deaths, including 7261 from the Americas and
3605 from Europe.® These numbers are likely to underes-
timate the actual numbers because many deaths occurred
without testing or were not recognized as influenza-related.
The Centers for Disease Control and Prevention (CDC) has
estimated that between 41 and 84 million cases of 2009
HINI influenza infection occurred in the United States
from April 2009 through January 16, 2010, resulting in

798 Mayo Clin Proc. * September 2010;85(9):798-805

183,000 to 378,000 HINIl-related hospitalizations and
8330 to 17,160 HIN1-related deaths.*

Reports from other countries showed that the 2009 HIN1
influenza pandemic had substantial effect on intensive care
units (ICUs).># A US President’s Council of Advisors on Sci-
ence and Technology report highlighted a plausible scenario
that the epidemic might lead to as many as 1.8 million US
hospital admissions, 300,000 requiring ICU care, and 30,000
t0 90,000 deaths.® Anticipating that critical care might be over-
whelmed, the European Society of Intensive Care Medicine
made recommendations for ICU and hospital preparations for
an influenza epidemic.'® The Society of Critical Care Medicine
developed a course, Critical Care Cross-Training for Hospital-
Based non-ICU Healthcare Providers, designed to provide
timely education for health care professionals who would care
for critically ill patients during high-volume times.

Previous studies have addressed the impact of the 2009
HINTI influenza infection in the United States. The first
cases of 2009 HIN1 influenza infection were described in
2 children from California.!' In April and May 2009, 30 pa-
tients with confirmed or probable HIN1 influenza infection
were hospitalized in California, 6 (20%) of whom were
treated in an ICU.!" Jain et al'?> described 272 patients who
were hospitalized for the 2009 HINT1 infection from April
to mid-June 2009; 25% were admitted to an ICU and 7%
died. These reports from the United States had limited in-
formation about patients with critical illness and their clini-
cal course in the ICU. A more recent publication from Salt
Lake County, Utah, thoroughly described the demographic
data and clinical course of 47 patients with the 2009 HIN1
influenza infection treated in the ICU."* However, the study
included only patients from the first wave of the HIN1
influenza epidemic (May-June 2009). The purpose of the
current study is to describe the demographics, clinical
characteristics, and clinical course of adults hospitalized
with HINT1 influenza infection at Mayo Clinic in Roches-
ter, MN, from May 1, 2009 through December 31, 2009.
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PATIENTS AND METHODS

This retrospective cohort study was conducted at Mayo
Clinic, a tertiary teaching institution with 2 hospitals com-
prising about 1300 inpatient beds, including 157 adult ICU
beds. The study was approved by the Mayo Clinic Institu-
tional Review Board. Patients with laboratory-confirmed
2009 HINI influenza infection were identified from the
Microbiology Laboratory and the Infection Prevention and
Control databases of our institution. We excluded patients
younger than 18 years and those who denied use of their
medical records for clinical research. All consecutive adult
patients (age, 218 years) hospitalized with HIN1 infec-
tion from May 1, 2009, through December 31, 2009, were
included in the study. Laboratory diagnosis of HINI in-
fluenza was made using a laboratory-developed influenza
real-time reverse transcriptase polymerase chain reaction
(rRT-PCR) assay performed on respiratory specimens.'
Viral nucleic acid was extracted by the MagNA Pure au-
tomated instrument (Roche Applied Science, Indianapolis,
IN) from respiratory specimens. Influenza virus genomic
RNA in the samples was then transcribed to complemen-
tary DNA and amplified on the LightCycler 2.0 instrument
(Roche Applied Science) using fluorescence resonance
hybridization probes. For the purposes of this study, melt-
ing curve analysis was used to differentiate the 2009 HIN1
strains from seasonal influenza A strains. This subtyping
method was validated through comparison of results with
the CDC HINI and seasonal influenza rRT-PCR assays
and successful completion of a blinded influenza A panel
provided by the Minnesota Department of Health.

We abstracted the following demographic and clinical
data from the patients’ electronic medical records: age,
ethnicity, sex, comorbidities, symptoms, vital signs, labo-
ratory values at presentation, infectious complications,
antiviral therapy, hospital length of stay, and mortality
(hospital, 28-day, and 90-day). For patients admitted to the
ICU, we collected admission source (transfer from anoth-
er hospital, general care ward in our hospital, emergency
department); development of acute lung injury (ALI) or
acute respiratory distress syndrome (ARDS); vasopressor
use; acute renal replacement therapy; ICU length of stay;
use, type (invasive or noninvasive), and duration of me-
chanical ventilation; use of nonconventional ventilation
(high-frequency oscillatory ventilation, airway pressure
release ventilation); and rescue measures for refractory
hypoxemia or hypercapnia (prone positioning, tracheal
gas insufflation, inhaled nitric oxide). We abstracted the
Acute Physiology Score (APS), Acute Physiology and
Chronic Health Evaluation (APACHE) IV score, and pre-
dicted mortality from the ICU Data Mart of our institu-
tion. The APS, APACHE IV score, and predicted mortal-
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ity were calculated as described in the literature.”” Organ
failure or dysfunction was assessed using the Sequential
Organ Failure Assessment (SOFA) scoring system.'® The
SOFA score was calculated on days 1, 2, 3, and 7 of ICU
stay. In calculation of the SOFA score, the worst values for
each parameter in the 24-hour period were used. In case of
missing data, normal values were assumed for calculation
of individual variables of the SOFA score. For patients
who developed acute kidney injury, worst RIFLE (Risk of
renal dysfunction, Injury to the kidney, Failure of kidney
function, Loss of kidney function, and End-stage kidney
disease) stage was determined.”

DEFINITIONS

We defined shock as recommended by the 2006 Interna-
tional Consensus Conference on Hemodynamic Monitor-
ing in Shock and Implications for Management.'®* ALI and
ARDS were identified according to the American-European
Consensus Conference definition.'”** Nosocomial infections
were defined according to the guidelines from the Interna-
tional Sepsis Forum Consensus Conference.”! Clostridium
difficile—associated diarrhea and diarrhea were defined ac-
cording to the Infectious Diseases Society of America prac-
tice guidelines.”? Acute bacterial rhinosinusitis was defined
according to the clinical practice guidelines of the American
Academy of Otolaryngology.” Hypertension was identified
if the patient had a known diagnosis of hypertension or was
taking antihypertensive medication. Diabetes mellitus was
identified if the patient’s medical record contained an estab-
lished diagnosis and use of any of the following: oral hypo-
glycemics, insulin, or exenatide. Asthma, chronic obstructive
pulmonary disease, coronary artery disease, and congestive
heart failure were identified if the medical record had an es-
tablished diagnosis. Hematologic malignancy was defined if
the patient had a history of leukemia, lymphoma, or clonal
plasma cell disorders. Immunosuppression was defined as
therapy with immunosuppressants, chemotherapy, radiation
therapy, or long-term use of corticosteroids (at least 0.3 mg/
kg/day of prednisone or equivalent for >1 month). Obesity
was defined as body mass index (BMI) equal to or greater
than 30 (calculated as weight in kilograms divided by height
in meters squared). Partial arterial pressure/fraction of in-
spired oxygen (PaO,/FiO,) ratio was defined as the ratio of
PaO, (in mm Hg) to the FiO,. The following values were con-
sidered normal in our laboratory: leukocyte count, 3.5-10.5 x
10%/L; neutrophil count, 1.7-7.0 x 10°/L; lymphocyte count,
0.9-2.9 x 10°/L; and platelet count, 150-450 x 10%/L. (To con-
vert any of these 4 values to x 10*/uL, multiply by 1.)

STATISTICAL ANALYSES
Data were summarized as percentages for categorical
variables and as means with standard deviations (SDs) or
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(1053 Patients diagnosed as having 2009 influenza A (nH1N1) infection)

A4

609 Pediatric patients (age <18y)

444 Adults

369 (83%) Nonhospitalized patients

\

75 (17%) Hospitalized

34 (45%) Required ICU admission

41 (55%) Did not require ICU admission

5 Declined research authorization

4 Declined research authorization

29 Study population (admitted to ICU)

37 Study population (admitted to non-ICU beds)

FIGURE 1. Flow diagram of patients with the 2009 H1N1 influenza infection diagnosed at Mayo Clinic in Rochester, MN.

ICU = intensive care unit; nHIN1 = novel HIN1.

medians with 25% to 75% interquartile ranges (IQRs) for
continuous variables. We used y? Fisher exact, Student
t, and Mann-Whitney U tests to compare differences be-
tween groups. Two-tailed P<.05 was considered statistical-
ly significant. All statistical analyses were performed using
SPSS software version 17.0.1 (Chicago, IL).

RESULTS

Between May 1, 2009, and December 31, 2009, 1053 patients
were diagnosed as having the 2009 HINI influenza infec-
tion, 444 (42%) of whom were adults (age, >18 years) (Fig-
ure 1). Seventy-five patients (17%) were hospitalized. After
excluding 9 hospitalized adults (5 requiring ICU admission)
for lack of research authorization, we had a total of 66 hos-
pitalized adults in the study. The specimens yielding positive
HINT results were throat swabs in 36 patients, nasal swabs in
18, bronchoalveolar lavage in 8, and tracheal secretions in 1.
Three patients were tested at other referring hospitals, and no
information was available on the type of diagnostic test. In 3
patients, rRT-PCR tests were negative for influenza on nasal
or throat swab specimens, but positive on bronchoalveolar la-
vage specimens. Antiviral treatment included oseltamivir in
59 patients and zanamivir, peramivir, amantadine, and rim-
antadine in 1 patient each. Six patients did not receive any
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antiviral therapy. Of the 66 patients, 29 (44%) required ICU
admission.

Thirty-three hospitalized patients (50%) were male, and
45 (68%) were white. Their mean + SD age was 46.9+17.8
years. Twenty-nine (44%) of the patients were obese (Ta-
ble 1). The 3 most common preexisting comorbidities were
hypertension in 31 patients (47%), obesity in 29 (44%),
and diabetes mellitus in 21 (32%) (Table 1). There were no
statistically significant differences in demographics or pre-
existing comorbidities between ICU and non-ICU patients
(Table 1).

Patients had symptoms for a median (IQR) of 3.0 (2.0-
7.0) days before hospital admission. The most common
symptoms were cough in 58 patients (88%), fever or chills in
55 (83%), and dyspnea in 47 (71%) (Table 2). There were no
statistically significant differences in the duration of symp-
toms between the ICU and non-ICU groups (Table 2). Dys-
pnea was more frequent and headache less frequent in ICU
patients compared with non-ICU patients (Table 2).

Of the 29 ICU patients, 18 (62%) had received 1 or more
antibiotics within 30 days before hospital admission com-
pared with 9 (24%) of the 37 non-ICU patients (P=.002). The
respiratory rate and leukocyte count in the ICU group were
higher than in the non-ICU group (Table 3). Of the 29 ICU
patients, 13 (45%) had thrombocytopenia compared with
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TABLE 1. Characteristics of 66 Hospitalized Patients With 2009
HAN1 Influenza Infection®

HOSPITALIZED PATIENTS WITH 2009 HIN1 INFLUENZA

TABLE 2. Symptoms at Presentation in 66 Hospitalized Patients
With 2009 H1N1 Influenza Infection

Non-ICU ICU Non-ICU ICU
Characteristic n=37 n=29 P value Symptom n=37 n=29 P Value
Female 19 (51) 14 (48) 8 Duration of symptoms (d)
‘White race 23 (62) 22 (76) 24 median (IQR) 3(2-7) 5@2-7) 15
Age (y), mean + SD 47.7+19.5 45.9+15.6 .69 Sore throat 10 (27) 4 (14) .19
BMI, mean + SD 28.9+8.5 32.3+9.7 .14 Cough 34 (92) 24 (83) .26
Obese (BMI 230) 15 (41) 14 (48) .53 Rhinorrhea 9(24) 5(17) 49
Long-term corticosteroid use 9 (24) 6 (21) 73 Hemoptysis 1(3) 3(10) 2
Hypertension 19 (51) 12 (41) 42 Fever or chills 30 (81) 25 (86) .58
Liver cirrhosis 0 1(3) 25 Dyspnea 22 (59) 25 (86) .02
End-stage renal disease 2(5) 13) 7 Myalgia 24 (65) 13 (45) 1
Asthma 11 (30) 6 (21) 4 Diarrhea 10 (27) 8 (28) .96
Coronary artery disease 9 (24) 3(10) 14 Nausea and vomiting 12 (32) 9(31) 9
Congestive heart failure 4(11) 3 (10) 95 Headache 20 (54) 8 (28) .03
Diabetes mellitus 11 (30) 10 (35) .68 . K
Chronic obstructive Yalues are n.umber (peizrcentage)‘, unless otherwise indicated. ICU = inten-
pulmonary disease 5(14) 5(17) 67 sive care unit; IQR = interquartile range.
Malignancy 6 (16) 6 (21) .64
f‘C“VC chemotherapy 82 (252) 52 (177) fﬁ respectively. The mean + SD and median (IQR) APACHE
Tr:amn:;(;lig pression 7 §19; 6 2213 36 IV predicted hospitalization rates were 27.2%+22.1% and
Alcohol use 0 0 21.0% (10.2%-42.6%), respectively. The median (IQR) first-
Current smoker 5(14) 7(24) 27 day SOFA score was 6.0 (3.0-11.0) (Table 4). Five (17%) of

# Values are number (percentage) of patients, unless otherwise indicated.
BMI = body mass index; ICU = intensive care unit.

b Hematopoietic stem cell (6), kidney (2), liver (2), kidney or pancreas (1),
lung (1), and heart (1).

7 (19%) of the 37 non-ICU patients (P=.02). There was no
statistically significant difference in the presence of leukocy-
tosis and leukopenia between the non-ICU and ICU groups.
Neutrophilia and neutropenia were present in 10 (28%) and
4 (11%) of the non-ICU patients compared with 18 (62%)
and 8 (12%) of the ICU patients, respectively (P=.007). Lym-
phocytosis and lymphopenia were present in 4 (11%) and 18
(49%) of the non-ICU patients compared with 2 (7%) and 22
(76%) of the ICU patients, respectively (P=.07).

There were no statistically significant differences in se-
rum sodium, creatinine, and bicarbonate levels and anion
gap between the ICU and non-ICU groups. The median
(IQR) serum urea nitrogen level of the non-ICU group was
14.0 mg/dL (10.0-17.0 mg/dL; to convert to mmol/L, mul-
tiply by 0.357) compared with 18.0 mg/dL (11.0-37.0 mg/
dL) for the ICU group (P=.03).

Five patients (8%) died before hospital discharge. All
hospital deaths occurred in ICU patients. Four more pa-
tients died after hospital discharge, 2 ICU and 2 non-ICU
patients. The 28- and 90-day mortality rates were 11% (7
/66) and 14% (9/66), respectively. The median (IQR) hos-
pital length of stay was 3 days (2-10 days). The median
(IQR) hospital length of stay was 11 days (4-17 days) for
the ICU patients compared with 2 days (1-3 days) for the
non-ICU patients (P<.001).

For the 29 patients admitted to the ICU, the mean + SD
APS and APACHE IV scores were 64.7+28.3 and 73.1+27.4,
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the 29 patients died in the hospital. There were no statistically
significant differences in demographics, severity of illness,
and source of ICU admission between the critically ill hos-
pital survivors and nonsurvivors (Table 5). Of the 29 ICU
patients, 23 (79%) received mechanical ventilation: 11, in-
vasive mechanical ventilation only; 6, noninvasive mechani-
cal ventilation only; and 6, both invasive and noninvasive
mechanical ventilation. The median (IQR) duration of me-
chanical ventilation was 6.0 days (2.5-15.5 days). Five (22%)
of the 23 patients who received mechanical ventilation died
compared with none of the 6 who did not receive mechanical
ventilation (P=.21). Of the 29 ICU patients, 16 (55%) devel-

TABLE 3. Vital Signs and Laboratory Values at Presentation
of 66 Hospitalized Patients
With 2009 H1N1 Influenza Infection®?

Vital sign or Non-ICU ICU P
laboratory finding n=37 n=29 value

Temperature (°C) 37.8+0.8 37.7+1.0 .79

Heart rate per minute 102.4+17.7 107.9£26.1 .33

Mean arterial pressure (mm Hg) 90.2+13.2 83.4x15.6 .07
Respiratory rate per minute 20.1£3.1 25.5¢9.8 .008
Hemoglobin (g/dL) 12.9+2.2 12.1+2.9 21
White blood cells (x10°/L)

median (IQR) 7.2(45-9.4) 8.7(45-12.3) .28
Neutrophils (x10°/L)

median (IQR) 55(25-6.8) 7.6(3.9-12.3) .02
Lymphocytes (x10%/L)

median (IQR) 0.8 (0.6-1.4) 0.6(0.3-0.74) .02
Platelets (x10%/L) 188.4£59.9  183.2x1004 .81

4 Values are mean + SD, unless indicated otherwise. ICU = intensive care
unit; IQR = interquartile range.

b SI conversion factors: To convert hemoglobin values to g/L, multiply by
10; to convert white blood cells, neutrophils, lymphocytes, and platelets
to x10%/uL, multiply by 1.
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HOSPITALIZED PATIENTS WITH 2009 HIN1 INFLUENZA

TABLE 4. Daily SOFA Scores of ICU Patients With 2009 H1N1
Influenza Infection

ICU day No. of patients SOFA score, median (IQR)
First 29 6.0 (3.0-11.0)
Second 29 6.0 (3.0-11.0)

Third 20 8.0 (4.5-13.0)
Seventh 11 8.0 (5.0-9.0)

ICU = intensive care unit; IQR = interquartile range; SOFA = Sequential
Organ Failure Assessment.

oped ALI or ARDS. Four (25%) of the 16 patients with ALI
or ARDS died compared with 1 (8%) of the 13 without ALI
(P=.22). Nonconventional ventilation was used in 8 patients:
airway pressure release ventilation in 5 and high-frequency
oscillatory ventilation in 3. Rescue therapy for refractory hy-
poxemia or hypercapnia was provided to 6 patients (21%):
inhaled nitric oxide to 4 (14%), tracheal gas insufflation to 3
(10%), and prone ventilation to 2 (7%). Corticosteroids were
administered for ARDS in 3 patients (10%).

The SOFA score on the second ICU day was lower for
hospital survivors than for nonsurvivors (Table 5). Vasopres-
sors for shock were administered in 10 (34%) of the ICU pa-
tients (6 with septic shock, 3 with cardiogenic shock due to
right ventricular failure, and 1 with obstructive shock from
cardiac tamponade). Of the 10 patients receiving vasopres-
sors, 4 (40%) died compared with 1 (5%) of the 19 who did
not receive vasopressors (P=.02). One patient had end-stage
renal disease before ICU admission. The worst RIFLE stage
was normal in 14 (48%), Risk in 6 (21%), Injury in 2 (7%),
and Failure in 6 (21%). There was no statistically significant
association between RIFLE stage and mortality (P=.29).
Acute renal replacement therapy was provided to 4 ICU pa-
tients (14%). Two (50%) of the 4 patients who received renal
replacement therapy died compared with 3 (12%) of the 25
patients who did not receive renal replacement (P=.06).

The most common infectious complication noted in the 29
ICU patients was pneumonia, and the most common pathogen
was Staphylococcus aureus (Table 6). The pathogens isolat-
ed from patients with microbiologically confirmed bacterial
pneumonia were S aureus in 10, Streptococcus pneumoniae
in 3, Pseudomonas fluorescens in 1, Enterobacter aerogenes

TABLE 5. Differences Between Survivors and Nonsurvivors
Among 29 Critically Ill Patients
With 2009 HAN1 Influenza Infection?

Nonsurvivors Survivors P
Characteristic n=5 n=24 value
Female, No. (%) 3 (60) 11 (46) .56
White race, No. (%) 5 (100) 0(0) 17
Age (y), mean + SD 48.0+8.3 45.4+16.9 .62
Admission source, No. (%) 24
Emergency department 1(20) 13 (54)
Outside hospital 2 (40) 8 (33)
Same hospital ward 2 (40) 3(13)
Body mass index,
mean + SD 37.5x14.7 31.2+8.4 4
APS, mean + SD 74.0+29.6 62.8+28.3 47
APACHE 1V score,
mean + SD 85.2+23.9 70.6+27.8 27
APACHE 1V predicted
mortality, mean = SD 29.9+21.9 26.6+£22.6 77

First-day SOFA score,

median (IQR) 11.0 (7.5-14.0) 4.5 (3.0-10.5) .06
Second-day SOFA score,
median (IQR) 13.0 (8.0-17.0) 4.5 (1.5-9.0) .01

APACHE = Acute Physiology and Chronic Health Evaluation; APS =
Acute Physiology Score; IQR = interquartile range; SOFA = Sequential
Organ Failure Assessment.

in 1, and Serratia species in 1. Herpes simplex virus type 1
was identified in the 3 skin infections. C difficile—associated
diarrhea developed in 2 patients.

Two of the patients died after life support was with-
drawn per their wishes. Seventeen patients (59%) were
discharged to a general hospital ward from the ICU, and
7 patients (24%) were transferred to a respiratory care unit
for weaning from mechanical ventilation. All 24 patients
transferred out of the ICU survived the rest of the hospi-
talization. Nineteen patients were discharged home, 4 pa-
tients were sent to a skilled nursing facility, and 1 patient
was sent to a long-term acute care facility for continued
weaning from mechanical ventilation.

DISCUSSION

In this retrospective study, we describe the clinical pictures
and outcomes of 66 hospitalized adults with 2009 HIN1

TABLE 6. Infectious Complications in 29 Critically lll Patients With 2009 HAN1 Influenza Infection

Source of infection

No. of sources

Isolated pathogen No. of pathogens

Confirmed bacterial pneumonia 14 Staphylococcus aureus 10 (methicillin-sensitive, 6; resistant, 4)
Probable pneumonia 10 Streptococcus pneumoniae 3
Microbiologically confirmed skin or soft-tissue infection 3 Clostridium difficile 2
Clostridium difficile—associated diarrhea 2 Acinetobacter species 1
Acute uncomplicated rhinosinusitis 1 Pseudomonas fluorescens 1
Enterobacter aerogenes 1
Serratia spp 1
Herpes simplex virus 3
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influenza infection. Twenty-nine patients (44%) were treat-
ed in the ICU. The hospital, 28-day, and 90-day mortality
rates were 8%, 11%, and 14%, respectively. Sixty-eight
percent of patients were white, and 44% were obese. The
3 most common preexisting comorbidities were hyperten-
sion, obesity, and diabetes mellitus. Patients had symptoms
for a median of 3.0 days before hospital admission. The
most common symptoms at presentation were cough, fever
or chills, and dyspnea. Dyspnea was more frequent in ICU
patients than in non-ICU patients. More ICU patients than
non-ICU patients had thrombocytopenia. Most of the ICU
patients received mechanical ventilation, and more than
half developed ALI or ARDS. Nonconventional ventilation
was used in 8, and rescue therapy for refractory respiratory
failure was provided to 6 patients. Microbiologically con-
firmed bacterial pneumonia developed in 14 patients. The
most commonly identified pathogen was S aureus.

At our institution, 17% (75/444) of the adults diagnosed
as having the 2009 HINI influenza infection required hos-
pitalization between May 1, 2009, and December 31, 2009.
Our microbiology laboratory did not detect any HINT1 in-
fection in January and February 2010, suggesting that the
2 waves of the 2009 HIN1 influenza epidemic may have
ended in our region. Several studies have described the
clinical course of hospitalized patients with the 2009 HIN1
influenza infection from different countries. Most of these
studies may have reported only the first wave of the epi-
demic. Studies from the southern hemisphere, which were
conducted in Australia and New Zealand, were limited to
3 winter months.??* Rello et al” reported the ICU support
of patients with HIN1 infection in Spain. Their study was
limited to June and July 2009. The Canadian multicenter
study that addressed the critical care support of patients
with the 2009 HINI influenza infection spanned from
April to June 2009.¢ Similarly, most of the reported stud-
ies from the United States and Mexico deal with the early
period of the epidemic.!*?2% Qur study differs from these
studies by the likelihood of including both waves of the
epidemic. Similar to our study, the more recent publica-
tions from France and Canada may have included all the
2009 HIN1 influenza infections.?*!

Previous studies have shown racial disparity associ-
ated with the 2009 HIN1 influenza infection.* In studies
from Australia and Canada, there was a relatively higher
representation of nonwhite racial groups among patients
with HIN1 infection.®®3! A similar overrepresentation of
Hispanics was noted in the United States.'>? Our inpatient
hospital population is about 90% white. However, only
68% of the current study population was white, suggesting
a similar trend in our patients.

Pregnancy and obesity have been cited as risk factors
for severe HIN1 influenza infection.®**-%7 A recent case-co-
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hort study analyzing data from the first wave of the HIN1
pandemic in the United States suggested that morbid obe-
sity (defined as BMI >40) was statistically associated with
hospitalization among adults (age, 220 years), independent
of the presence of the chronic medical conditions recog-
nized by the CDC Advisory Committee on Immunization
Practices (ACIP) to increase the risk of influenza-related
complications.®® In studies from Canada and the United
States, 33% and 55% of hospitalized patients with HIN1
influenza infection were obese.*'>* In our study, 44% of
the patients were obese. We did not collect data on non-
hospitalized patients with HINT1 infection; hence, we are
unable to comment on the association between the risk of
hospitalization or death and the BMI status or presence of
chronic medical conditions. No pregnant patients were in
our study cohort. Pregnant women were given high priority
by ACIP for HINT vaccination.* In accordance with this
recommendation, pregnant women were among the first to
receive vaccine as soon as vaccine was made available to us.
This could be a likely reason why no pregnant women were
hospitalized because of severe illness from HINI infec-
tion. However, we did not have sufficient data to measure
the effectiveness of the HIN1 vaccine. Only 1 hospitalized
(to non-ICU bed) patient had received vaccination against
HINT1 before hospital admission. The common presenting
symptoms in our patients did not differ from those reported
in other studies.”!>3242540 Dygpnea was more frequent and
headache less frequent in our ICU patients.

In our study, 44% of the hospitalized patients were
treated in the ICU, and all hospital deaths occurred in the
ICU patients. Studies from the United States have shown
that 20% to 36% of hospitalized patients with HIN1 in-
fection require ICU admission.!>?>?” Similar proportions
of hospitalized patients requiring critical care support have
been reported from other countries as well.*3° The hos-
pital mortality rate of our ICU patients was 17.2%. This is
comparable to the hospital mortality figures reported from
other countries.”®? Limited data are available address-
ing mortality rates after hospital discharge. In a Canadian
study, the 28-day and 90-day mortality rates of critically
ill patients with HIN1 infection were 14.3% and 17.3%,
respectively. In our study, the 28-day and 90-day mortal-
ity rates of hospitalized patients with HIN1 infection were
11% and 14%, respectively.

Respiratory failure is common in critically ill patients
with HIN1 influenza infection. In our critically ill patients
with HIN1 infection, 79% received mechanical ventila-
tion, and 55% developed ALI or ARDS. Nonconventional
and rescue therapies were instituted in 28% and 21% of the
ICU patients, respectively, for refractory respiratory fail-
ure. None of our patients needed extracorporeal membrane
oxygenation. Previous studies have also shown that most
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critically ill patients with HIN1 infection receive mechani-
cal ventilator support®®!? and 25% to 50% develop ALI
or ARDS 8122

Multiple organ failure requiring end-organ support often
complicates critical illness. Among the 29 patients admit-
ted to the ICU in our study, 34% received vasopressor sup-
port, and 14% received acute renal replacement therapy.
The median SOFA score on the first ICU day was 6, and
the mean APACHE IV score was 73.1. In a recent study by
Miller et al,'® the median SOFA score was 7. Previous stud-
ies of critically ill patients with HINT1 influenza infection
report mean APACHE 11 scores of 13 to 20.5!* Because we
used the APACHE IV prognostic model to assess severity
of illness, we cannot compare our findings with others.

Our study has several limitations. It is a single-center
study, so the sample size is small. Because of the small
sample size and relatively low number of deaths, our analy-
ses are not adequately powered to determine statistically
significant differences between groups.

CONCLUSION

In this study of 66 adults hospitalized with HIN1 influ-
enza infection, 29 (44%) required ICU admission, and the
90-day mortality was 14%. Among the patients admitted
to the ICU, most developed ALI or ARDS, and most re-
ceived mechanical ventilation. Secondary infections as-
sociated with health care are common complications in
these patients.

We thank Bobbi S. Pritt, MD, Department of Laboratory
Medicine and Pathology, Mayo Clinic, Rochester, MN,
for providing us information on the laboratory diagnostic
methodology of the 2009 HIN1 influenza infection.
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