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ON APRIL 21, 2009, THE CEN-
ters for Disease Control
and Prevention reported
the detection of 2 cases of

human infection with 2009 influenza
A(H1N1) in California.1 The greatest
initial burden of critical illness and
death occurred in Mexico2 between
March 18, 2009, and June 1, 2009, with
5029 cases and 97 documented
deaths.2-6 By August 30, 2009, there
were more than 116 046 cases with
2234 deaths in the Americas and
277 607 documented cases and at least
3205 deaths worldwide.2,7

We report on 58 patients in Mexico
who developed critical illness from
confirmed, probable, or suspected
2009 influenza A(H1N1). This early
information may be of considerable

value for (1) the early identification of
individuals at risk of becoming criti-
cally ill and who may benefit from
targeted interventions including vac-
cination and antiviral therapy; (2)
pandemic health care resource plan-
ning; and (3) providing baseline 2009
influenza A(H1N1)–associated mor-
bidity and mortality data, comparing
experiences in different jurisdictions,
and identifying changes in disease
virulence over time.

METHODS
Study Design
We retrospectively studied all criti-
cally ill patients with confirmed, prob-

See related articles.
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ticle.
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Context In March 2009, novel 2009 influenza A(H1N1) was first reported in the south-
western United States and Mexico. The population and health care system in Mexico
City experienced the first and greatest early burden of critical illness.

Objective To describe baseline characteristics, treatment, and outcomes of consecu-
tive critically ill patients in Mexico hospitals that treated the majority of such patients
with confirmed, probable, or suspected 2009 influenza A(H1N1).

Design, Setting, and Patients Observational study of 58 critically ill patients with
2009 influenza A(H1N1) at 6 hospitals between March 24 and June 1, 2009. Demo-
graphic data, symptoms, comorbid conditions, illness progression, treatments, and clini-
cal outcomes were collected using a piloted case report form.

Main Outcome Measures The primary outcome measure was mortality. Second-
ary outcomes included rate of 2009 influenza (A)H1N1−related critical illness and me-
chanical ventilation as well as intensive care unit (ICU) and hospital length of stay.

Results Critical illness occurred in 58 of 899 patients (6.5%) admitted to the hos-
pital with confirmed, probable, or suspected 2009 influenza (A)H1N1. Patients were
young (median, 44.0 [range, 10-83] years); all presented with fever and all but 1 with
respiratory symptoms. Few patients had comorbid respiratory disorders, but 21 (36%)
were obese. Time from hospital to ICU admission was short (median, 1 day [inter-
quartile range {IQR}, 0-3 days]), and all patients but 2 received mechanical ventilation
for severe acute respiratory distress syndrome and refractory hypoxemia (median day
1 ratio of PaO2 to fraction of inspired oxygen, 83 [IQR, 59-145] mm Hg). By 60 days,
24 patients had died (41.4%; 95% confidence interval, 28.9%-55.0%). Patients who
died had greater initial severity of illness, worse hypoxemia, higher creatine kinase lev-
els, higher creatinine levels, and ongoing organ dysfunction. After adjusting for a re-
duced opportunity of patients dying early to receive neuraminidase inhibitors, neur-
aminidase inhibitor treatment (vs no treatment) was associated with improved survival
(odds ratio, 7.4; 95% confidence interval, 1.8-31.0).

Conclusion Critical illness from 2009 influenza A(H1N1) in Mexico occurred in young
individuals, was associated with severe acute respiratory distress syndrome and shock,
and had a high case-fatality rate.
JAMA. 2009;302(17):(doi:10.1001/jama.2009.1536) www.jama.com
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able, or suspected 2009 influenza
A(H1N1) in Mexico admitted be-
tween March 24, 2009, and June 1,
2009, to 6 hospitals that were refer-
ence centers for the care of patients with
influenza (FIGURE 1). Identification of
all such patients was achieved by ex-
amining admission logs for all patient
care areas, in collaboration with criti-
cal care and infectious diseases physi-
cians in each participating hospital and
with regional health authorities in
Mexico.

We classified patients according to
case definitions (confirmed, probable,
or suspected) developed by the World
Health Organization, Centers for Dis-
ease Control and Prevention, and the
National Microbiology Laboratory (see
eAppendix at http://www.jama.com).8-10

We defined critically ill patients as those
admitted to an adult or pediatric inten-
sive care unit (ICU); requiring mechani-
cal ventilation; having a fraction of in-
spired oxygen (FIO2) greater than or
equal to 60%; or receiving intravenous
infusion of inotropic or vasopressor
medication during the hospitalization.

To evaluate the proportion of pa-
tients who became critically ill, we com-

pared our study population with the
total number of inpatients diagnosed
with confirmed, probable, or sus-
pected 2009 influenza A(H1N1) and
treated at any of the participating hos-
pitals by June 1, 2009. All patients ad-
mitted to these 6 hospitals with respi-
ratory symptoms or fever were routinely
screened for 2009 influenza A(H1N1)
during the outbreak period.

Case Report Generation,
Dissemination, and Ethics Approval

Investigators in Canada collaborated
with colleagues in Mexico and devel-
oped a data collection form with input
from critical care personnel, infec-
tious diseases clinicians, and clinical
researchers, including the Canadian
Critical Care Trials Group.11 Research
ethics board review and approval was
granted by Sunnybrook Health Sci-
ences Centre on April 30, 2009, and
subsequently by the ethics boards of
participating jurisdictions in Mexico.
The data collection form was posted
on academic institutional and critical
care society Web sites on or after May
3, 2009.12-14 Data collection in Mexico
commenced on May 1, 2009, was

entered by study site personnel, trans-
mitted to the coordinating center in
Toronto, then checked for errors
through manual and electronic
inspection using prespecified range
limits.

Data Collection

Data collection included 2009 influ-
enza A(H1N1) and critical illness eli-
gibility criteria, demographic data,
and details of influenza contact,
symptoms, comorbid conditions,
clinical characteristics, time course of
the acute il lness, microbiology
samples, and treatments (eAppendix).
Severity of illness was assessed using
the Acute Physiology and Chronic
Health Evaluation II (APACHE II)
score for adults or Pediatric Risk of
Mortality III score for children.15,16

Reporting of ventilatory parameters,
arterial blood gas values, and chest
radiograph findings, as well as
Sequential Organ Failure Assessment
(SOFA) scores, was performed on
days 1, 3, 7, 14, and 28, using the val-
ues closest to 8:00 AM where appro-
priate.17 Outcome variables included
duration of mechanical ventilation,
ICU and hospital length of stay, and
ICU and hospital mortality at 14, 28,
and 60 days from onset of critical
illness.

From the largest referral centers, we
were able to collect more detailed in-
formation on the total number of pa-
tients presenting to the emergency de-
partment with influenzalike illness as
well as those admitted to the hospital
and to the ICU, and to calculate the pro-
portion of patients critically ill with in-
fluenza-related pneumonia as a func-
tion of total number of ICU beds. In the
largest centers, we also collected de-
tailed information on health care
worker exposure and illness to assess
risk posed to health care professionals
through care of patients with 2009 in-
fluenza A(H1N1).

Analysis

Descriptive data are presented as fre-
quencies (percentages) for discrete
variables and as means (SDs) or medi-

Figure 1. Admissions to Emergency Department, Hospital, and Intensive Care Unit (ICU) in a
Single Study Hospital During the 2009 Influenza A(H1N1) Outbreak Period, Mexico, 2009
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ans (interquartile ranges [IQRs]) for
continuous variables. Because few
patients remained alive and in the ICU
at 28 days, nonoutcome variables are
presented on days 1, 3, 7, and 14 but
not day 28. To determine if there were
differences in baseline characteristics
between patients who survived vs
those who died, we used a 2-sample t
test or the Wilcoxon rank sum test for
continuous variables and a �2 test or
Fisher exact test for the discrete vari-
ables. Analyses to detect differences in
treatment variables between survivors
and nonsurvivors are at risk of con-
founding due to immortal time bias—
ie, patients who die quickly have less
“opportunity” to be exposed to certain
therapies. Therefore, we restricted
comparisons of neuraminidase use to
patients who did not die within the
first 3 days after admission to the hos-
pital and adjusted for differences in
severity of illness using the APACHE
II score in a multiple logistic regres-
sion model.

The Kaplan-Meier method was used
to determine the probability of sur-
vival over the duration of follow-up and
to generate survival curves, censoring
at 60 days all individuals discharged
from the hospital alive. We compared
the discriminative ability of the day-1
SOFA and APACHE II scores on mor-
tality by testing the difference in C sta-
tistics (area under the receiver operat-
ing characteristic curve).

All statistical tests were 2-tailed, and
factors were considered statistically sig-
nificant at �� .05. SAS version 9.2 (SAS
Institute Inc, Cary, North Carolina) was
used for all analyses.

RESULTS
Characteristics of Study Patients
and Hospitals

During the study period 899 patients
with confirmed, probable, or sus-
pected 2009 influenza A(H1N1) were
assessed and admitted to study hospi-
tals having a mean of 289 (SD, 167)
beds and 16 (SD, 8) critical care
beds. Critical illness occurred in 58
patients (6.5%) admitted to the hospi-
tal (29 confirmed, 14 probable, 15

suspected). There were no significant
differences in demographics, severity
of illness, comorbid conditions, or
mortality among those with con-
firmed, probable, or suspected 2009
influenza A(H1N1), and they are
described as a single group.

As a result of increased patient vol-
umes, many experienced delay in
admission to the ICU, and 4 remained
in the emergency department until
death. During the period of data col-
lection, there were 5029 cases of 2009
influenza A(H1N1) and 97 deaths in
all of Mexico.18 This cohort from 6
hospitals represents approximately
one-quarter of all deaths in Mexico
during the study period. We have
described the temporal burden of
influenza and H1N1 on the largest
study center, outlining the number of
cases of influenzalike illness present-
ing to the emergency department and
admitted to the hospital and cases of
influenza-related illness admitted to
the ICU (Figure 1). The usual capac-
ity to care for critically ill patients
was exceeded, necessitating care in
other patient care areas and the addi-
tion of ICU beds and ventilators on
2 occasions.

Study patients were a median age of
44 (range, 10-83) years (FIGURE 2), 53%
were female, and 2 were health care
workers (TABLE 1). Only 2 children (10
and 14 years) were admitted to study
centers with critical illness and had
mean admission Pediatric Risk of Mor-
tality III scores of 6.5 (SD, 2.1). Among
all patients, symptoms included fever
in 58 (100%); respiratory complaints
(cough, dyspnea, or wheeze) in 57
(98%); generalized weakness in 41
(71%); myalgias in 35 (60%); head-
ache in 33 (57%); and gastrointestinal
symptoms of nausea, vomiting, or di-
arrhea in 18 (30%).

The median number of comorbid
conditions was 2 (IQR, 1-4) (Table 1).
Only 2 patients had a history of chronic
obstructive pulmonary disease. Obe-
sity was the most common comorbid
condition (mean body mass index
[BMI], 32 [SD, 12], calculated as weight
in kilograms divided by height in me-

Figure 2. Age Distribution of 58 Critically Ill
Patients With Confirmed, Probable, or
Suspected 2009 Influenza A(H1N1) Infection
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Table 1. Characteristics of Critically Ill
Patients With Confirmed, Probable, or
Suspected 2009 Influenza A(H1N1)
Infection, March 24, 2009, to June 1, 2009

Characteristic
No. (%)
(N = 58)

Age, median (range), y 44.0 (10-83)

Female sex 31 (53.4)

Health care workers 2 (3.5)

Influenza vaccination in 2008
or 2009

2 (3.5)

APACHE II score,
mean (SD)a

20.1 (11.9)

No. of comorbidities,
median (IQR)

2 (1-4)

Any comorbidity 49 (84.5)

Obesityb 21 (36.2)

Ever smoker 20 (34.5)

Hypertension 15 (25.9)

Diabetes (type 1 or 2) 10 (17.2)

Gastrointestinal disease 6 (10.3)

Hyperlipidemia 5 (8.6)

Chronic renal insufficiency 4 (6.9)

Peripheral vascular
disease

3 (5.2)

Arrhythmia 3 (5.2)

Valvular heart disease 3 (5.2)

Hypothyroidism 3 (5.2)

COPD 2 (3.4)

Asthma 2 (3.4)

Immune suppression 2 (3.4)

Ischemic heart disease,
congestive heart
failure, cirrhosis,
cerebrovascular disease,
pregnancy (each)

1 (1.7)

Abbreviations: APACHE, Acute Physiology and Chronic
Health Evaluation; BMI, body mass index; COPD, chronic
obstructive pulmonary disease; IQR, interquartile range.

aScore range, 0-71; higher values indicate more severe
disease.

bDefined as body mass index greater than 30. Calculated
as weight in kilograms divided by height in meters squared.

CRITICALLY ILL PATIENTS WITH 2009 INFLUENZA A(H1N1) IN MEXICO

©2009 American Medical Association. All rights reserved. (Reprinted) JAMA, Published online October 12, 2009 E3

 by guest on October 13, 2009 www.jama.comDownloaded from 

http://jama.ama-assn.org


ters squared). Twenty-one patients
(36%) had a BMI greater than 30; 8
(14%) were morbidly obese (BMI �40).

Course of Illness
and Treatments Received

Medical Therapies. Patients devel-
oped first symptoms a median of 6
(IQR, 4-8) days prior to hospitaliza-
tion. Time from hospitalization to ICU
admission was 1 (IQR, 0-3) day. Among
55 patients confirmed to have re-
ceived medical therapies (unknown for
3), 52 (95%) were treated with antibi-
otics, while 45 (78%) received neur-
aminidase inhibitors (oseltamivir [44],
zanamivir [6]), 8 received amantidine
(14%), 1 rimantidine (2%), and 40
(69%) corticosteroids. Two patients re-
ceived recombinant activated protein C.
Two had received an influenza vacci-
nation in 2008 or 2009.

Ventilation Support. Fifty-four pa-
tients, including 1 of 2 children, re-
quired mechanical ventilation (48 in-
vasive, 22 noninvasive, 16 both) during
the course of hospitalization (TABLE 2
and eTable).19 On the first day of criti-
cal illness, the mean FIO2 was 72% (SD,
26%), set positive end-expiratory pres-
sure (PEEP) was 13 (SD, 5) cm H2O,
and plateau pressure was 27 (SD, 7) cm

H2O. Median ratio of PaO2 to FIO2 was
83 (IQR, 59-145) mm Hg, with oxy-
gen saturation of 88% (SD, 13%). Four
patients received prone ventilation on
their first day in the ICU, owing to se-
vere hypoxia. Tidal volume per ideal
body weight was 8.3 (SD, 3) mL/kg. Day
1 chest radiographs demonstrated bi-
lateral disease in 95.6% of patients.
Barotrauma occurred in 6 patients
(10.3%) over the study. Patients re-
ceived high FIO2, high PEEP, and were
commonly ventilated in the prone po-
sition. Only 1 patient received high-
frequency oscillatory ventilation, and
none was known to receive nitric ox-
ide or extracorporeal membrane oxy-
genation.

Nonrespiratory Organ Dysfunction.
A large number of patients (34
[58.6%]) initially required inotropic
or vasoactive medications at day 1
(Table 2). Creatine kinase level was
elevated (285 [IQR, 136-1159] IU/L).
Initial other organ dysfunction was
mild. Over the course of follow-up,
hypotension requiring vasoactive
medication support remained com-
mon at days 3, 7, and 14. Staphylo-
coccus aureus was the most com-
monly identified cause of secondary
bacterial pneumonia (4 patients).

Table 3. Clinical Course and Outcomes
of Patients With Confirmed, Probable,
or Suspected 2009 Influenza A(H1N1)
Infection

Mortality

No. (%) of Patients
[95% CI]
(N = 58)

From ICU
admission

Day 14 19 (33) [21.4-46.5]
Day 28 23 (40) [27.3-53.4]
Day 60 24 (41) [28.9-55.0]

Time course of illness, d Median (IQR)
Symptoms

to hospital
admission

6 (4-8)

Hospitalization
to ICU
admission

1 (0-3)

Hospitalization
to death

10 (4-14)

ICU length of stay, d
Median (IQR)

[95% CI]
Survivors 13.5 (6-24) [8-22]
Nonsurvivors 7.0 (2-13) [4-13]

Duration of ventilation, d
Median (IQR)

[95% CI]
Survivors 15.0 (8-26) [9-24]
Nonsurvivors 7.5 (3-13.5) [5-13]

Location of death (n = 24) No. (%)
ICU 20 (83)
Emergency

departmenta
4 (17)

Abbreviations: ARDS, acute respiratory distress syn-
drome; ICU, intensive care unit; IQR, interquartile
range.

aThree patients died within 8 hours and 1 within 24 hours
of presentation to the hospital.

Table 2. Organ Dysfunction Over Time Among 58 Critically Ill Patients With Confirmed, Probable, or Suspected 2009 Influenza A(H1N1)
Infectiona

Organ Dysfunction
Day 1

(n = 58)
Day 3

(n = 52)
Day 7

(n = 44)
Day 14
(n = 28)

SOFA score, mean (SD)b 9.0 (4.3) 8.3 (4.1) 7.4 (4.1) 7.3 (4.1)

Ratio of PaO2 to FIO2, median (IQR),
mm Hg

83 (59-145) 122 (67-169) 121 (70-167) 138 (89-190)

Lowest SBP, mean (SD), mm Hg 98 (22) 109 (24) 103 (24) 101 (20)

Vasopressors (ICU patients), No. (%)c 34 (58.6) 32 (61.5) 23 (52.3) 14 (50.0)

Heart rate, mean (SD), beats/min 103 (27) 92 (20) 96 (32) 101 (27)

Creatinine level, median (IQR), mg/dL 1.0 (0.8-1.8) 1.0 (0.77-1.5) 0.87 (0.59-1.46) 0.75 (0.52-1.1)

Platelet count, mean (SD), �103/µL 222 (112) 241 (145) 293 (139) 337 (171)

Bilirubin, median (IQR), mg/dL 0.77 (0.45-1.48) 0.72 (0.41-1.28) 0.83 (0.60-1.18) 0.69 (0.50-1.34)

White blood cell count, mean (SD),
�1000 cells/mm3

9.9 (5.9) 9.9 (5.8) 11.2 (5.5) 13.1 (7.1)

AST, median (IQR), U/L 63 (45-135) 66 (39-108) 33 (28-56) 30.5 (22.5-54)

INR, median (IQR) 1.1 (0.94-1.34) 1.12 (1.07-1.30) 1.13 (1.01-1.20) 1.19 (1.06-1.27)

Glasgow coma scale, median (IQR) 12 (5-15) 13 (5-15) 13 (9-15) 13 (13-15)
Abbreviations: AST, aspartate aminotransferase; FIO2, fraction of inspired oxygen; ICU, intensive care unit; INR, international normalized ratio; IQR, interquartile range; SBP, systolic

blood pressure; SOFA, Sequential Organ Failure Assessment.
SI conversion factors: To convert AST to µkat/L, multiply by 0.0167; bilirubin to µmol/L, multiply by 17.104; creatinine to µmol/L, multiply by 88.4.
aDenominators vary over time.
bScore range, 0-24; higher values indicate more severe disease.
cSee eAppendix at http://www.jama.com for description of vasopressors used.
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Outcomes. After 60 days from the
onset of critical illness, 24 of 58 pa-
tients (41.4%; 95% confidence inter-
val [CI], 28.9%-55.0%) had died
(TABLE 3, FIGURE 3). In Mexico, most
(19) patients died within the first 2
weeks after becoming critically ill. An
additional 4 patients died by day 28,
with only 1 additional death occur-
ring within 60 days.

Four patients died in the emergency
department, 3 within 8 hours and 1
within 24 hours of arrival. All deaths
within 28 days were primarily related
to respiratory failure, with only 1 late
death primarily related to multisystem
organ dysfunction. The 2 included
children both survived and were dis-
charged from the hospital. Intensive
care unit length of stay among survi-
vors was 13.5 (IQR, 6-24) days, while
nonsurvivors died 7.0 (IQR, 2-13)
days after ICU admission (Table 3).
Duration of mechanical ventilation
among survivors was 15 (IQR, 8-26)
days and among nonsurvivors was 7.5
(IQR, 3-13.5) days. Many patients
received ventilation outside of the
ICU.

Comparison of Survivors and
Nonsurvivors. Patients who died were
more likely to have a higher APACHE
II and SOFA score, lower mean arte-
rial pressure at admission, evidence of
renal and hepatic organ injury, lower ra-
tio of PaO2 to FIO2, and higher set PEEP
at admission to the ICU (TABLE 4).
There were no significant differences in
tidal volume or ventilation strategies be-
tween survivors and nonsurvivors. Pa-
tients with higher creatine kinase lev-
els had a greater likelihood of dying at
28 days. Both APACHE II and day-1
SOFA score were significantly associ-
ated with 28-day mortality (P� .001 for
both), and there was no difference in
predictive value (C=0.83 and C=0.87,
respectively; P=.52). After excluding
patients dying early (within 72 hours
of illness onset), who may have had less
opportunity to be exposed to neur-
aminidase inhibitors, survivors were
more likely to have received treatment
with neuraminidase inhibitors (odds ra-
tio, 7.4; 95% CI, 1.8-31.0; P=.006).

Risk to Health Care Workers.
Among the 3 largest centers caring for
65.6% of the patients in this series, 40
of 6755 health care workers (0.6%) de-
veloped 2009 influenza A(H1N1), in-
cluding 10 of 2421 workers (0.5%) from
clinical areas. Only 1 health care worker
became critically ill, and this patient was
believed to have acquired H1N1 out-
side of the workplace.

COMMENT
Our analysis of critically ill patients with
2009 influenza A(H1N1) reveals that
this disease affected a young patient
group. Fever and respiratory symp-
toms were harbingers of disease in al-
most all cases. There was a relatively
long period of illness prior to presen-
tation to the hospital, followed by a
short period of acute and severe respi-
ratory deterioration. These patients had
severe hypoxia and acute respiratory

distress syndrome and required high
FIO2, PEEP, and ventilatory pressures.
Within 60 days, 41% of critically ill pa-
tients had died.

Figure 3. Survival of Patients Critically Ill
With Confirmed, Probable, or Suspected
2009 Influenza A(H1N1) Infection
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Table 4. Comparison of Survivors and Nonsurvivors

Patient Characteristic
Survivors
(n = 33)

Nonsurvivorsa

(n = 23)
P

Value

Age, median (IQR), y 45 (33-60) 39 (30.5-45.5) .09

Female sex, No. (%) 19 (56) 12 (50) .66

Comorbidities, No. (%) 30 (88) 22 (92) .67

Ever smoker, No. (%) 12 (35) 8 (33) .72

BMI, median (IQR)b 28 (25-32) 32 (25-42) .11

Time course of illness, median (IQR), d
Symptoms to hospital admission 7 (4-8) 6 (3-8) .47

Hospitalization to ICU admission 1 (0-2) 1 (0-3) .81

Characteristics at ICU admission
APACHE II score, mean (SD) 14 (7) 28 (13) �.001

Ratio of PaO2 to FIO2, median (IQR), mm Hg 120 (62-161) 70 (51-105) .03

Initial MAP, mean (SD), mm Hg 76 (15) 63 (14) �.001

Ventilation at ICU admission, mean (SD)
Tidal volume per ideal body weight, mL/kg 8.97 (3.2) 7.8 (1.8) .19

Plateau pressure, cm H2O 25 (9) 28 (5) .34

Set PEEP, cm H2O 10 (4) 15 (5) .006

Organ dysfunction
SOFA score on day 1, mean (SD) 6.7 (3.4) 12.3 (3.2) �.001

Creatinine, median (IQR), mg/dL 0.90 (0.67-1.10) 1.4 (1.1-3.1) �.001

AST, median (IQR), U/L 56 (38-81) 97 (48-163) .07

White blood cell count, mean (SD),
�1000 cells/mm3

9.5 (5.5) 10.6 (6.6) .46

Platelet count, mean (SD), �103/µL 242 (120) 195 (95) .12

Bilirubin, median (IQR), mg/dL 0.74 (0.45-1.06) 1.24 (0.50-1.78) .26

Creatine kinase, median (IQR), U/L 121 (51-231) 1059 (652-2449) .003
Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; AST, aspartate aminotransferase; BMI, body

mass index; FIO2, fraction of inspired oxygen; IQR, interquartile range; MAP, mean arterial pressure; PEEP, positive
end-expiratory pressure; SOFA, Sequential Organ Failure Assessment.

SI conversion factors: To convert AST to µkat/L, multiply by 0.0167; bilirubin to µmol/L, multiply by 17.104; creatinine
to µmol/L, multiply by 88.4; creatine kinase to µkat/L, multiply by 0.0167.

aAll in-hospital deaths to September 11, 2009.
bCalculated as weight in kilograms divided by height in meters squared.
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The mortality rate of 41% for 2009
influenza A(H1N1)–associated critical
illness is not dissimilar to that for
acute respiratory distress syndrome
resulting from other influenza but is
higher than that for severe acute res-
piratory syndrome (SARS), and deaths
in Mexico appear to have been more
directly related to respiratory rather
than multiorgan failure.20-22 The low
median age and relatively good prior
health of this critically ill group are
different from those for seasonal
influenza and SARS,22 in which older
patients appear more susceptible to
severe disease.

Although serologic studies suggest
that 2009 influenza A(H1N1) is a
novel influenza strain with little pro-
tection afforded by seasonal influenza
vaccination, adults older than 60
years appear to have some preexisting
immunity to this novel virus.23 While
a degree of cross-immunity might be
afforded through a long history of
annual vaccination, the specific effect
of uncommon prior seasonal influ-
enza vaccination, if any, is unclear.
The age distribution of the general
population in Mexico differs from that
in many developed nations, with a
much larger proportion of the popula-
tion in lower age categories, and
therefore it may not be surprising that
young individuals comprise a greater
proportion of those infected.24

Approximately 18% of critically ill
patients with SARS were health care
workers.22 With SARS, viral shedding
appeared to peak at about 7 days,
coinciding with the time of ICU
admission for many patients. Viral
shedding in seasonal influenza is
maximal near onset of the disease,
then decreases rapidly.2 5 These
patients presented to the hospital and
were admitted to the ICU a median of
6 days after disease onset, which may
in part explain the apparent lack of
nosocomial transmission among criti-
cally ill patients. Avian influenza
A(H5N1) outbreaks would appear to
have a significantly higher mortality
than 2009 influenza A(H1N1) in
patients requiring advanced organ

support (approximately 90%, with
median time from hospital admission
to death of 6 days).26-28 These baseline
data will allow evaluation of whether
the morbidity and mortality of this
infection are worsening over time,
which has been the case in many
other pandemics.29

We found that certain baseline
characteristics of critically ill patients
with 2009 influenza A(H1N1) may
be associated with increased mortal-
ity, including cardiovascular, respira-
tory, and renal organ dysfunction.
Novel findings include possible
worse outcomes among patients pre-
senting with an elevated creatine
kinase level. Elevated creatine kinase
levels and rhabdomyolysis have been
previously reported to complicate
seasonal influenza, although more
commonly in children.30,31 Obesity
was the most common comorbid
condition in these patients and was
more prevalent (36%) in this series
than the general population preva-
lence (30%) in Mexico.32 However,
mortality was not significantly higher
among obese patients compared with
nonobese patients. Among other
patient cohorts with undifferentiated
acute respiratory distress syndrome,
increased BMI has not emerged as a
predictor of mortality.33

A better understanding of these fac-
tors, which were common, or those that
suggest a higher mortality may pro-
vide health care professionals an ear-
lier opportunity to identify and treat
high-risk groups. Importantly, we
found in this cohort that either SOFA
or APACHE II scores may help to iden-
tify patients at high risk of death. Some
authors have previously suggested the
use of SOFA scores for triage during
pandemic periods, owing to their rela-
tive ease of calculation.34

The strengths of this study include
a large and detailed description of pa-
tients critically ill as a result of 2009 in-
fluenza A(H1N1). We have high-
lighted what appear to be differences
in severity of illness, associations, and
outcomes from other recent infec-
tious respiratory outbreaks. The meth-

ods of rapid case report modification,
research ethics approval, interna-
tional dissemination, and analysis pro-
vide a potential example for future out-
break characterization11 and potential
for international comparisons among
countries with different health care sys-
tems and capacity for care.

This study has several potential limi-
tations. First, it represents a relatively
early examination of the epidemiol-
ogy of a severe infectious disease. Early
reports risk overestimating the case-
fatality rate through selective recogni-
tion and screening of the most se-
verely ill patients. This may partially
explain a high mortality in Mexico early
in the outbreak; however, our cohort
included all patients hospitalized with
critical illness, not only those selected
for admission to an ICU, thus mini-
mizing the effect of selective triaging of
critically ill patients (by age, comor-
bidity, etc) and minimizing the poten-
tial for overrepresentation of patients
with certain characteristics or severity
of illness. Also, the 6 hospitals partici-
pating in this cohort study had spe-
cific criteria for 2009 influenza
A(H1N1) screening among all hospi-
talized patients, minimizing the risk of
exposure ascertainment bias through
overestimation of disease among only
the sickest patients. For this early re-
port, we deliberately included sus-
pected, in addition to confirmed and
probable, cases of 2009 influenza
A(H1N1) because in the earliest stages
of the outbreak, confirmatory testing
was sometimes unavailable for pa-
tients who died rapidly and in settings
with resources that did not initially per-
mit testing. We performed all analyses
in duplicate and found no significant
differences in outcomes when includ-
ing only confirmed and probable cases.

It is possible that the 2009 influ-
enza A(H1N1) experience described
here is somewhat unique to Mexico and
may be related to a variety of factors,
including climate, air quality, and al-
titude (2240 m above sea level) in
Mexico City; or, noting the long dura-
tion between illness onset and presen-
tation to the hospital with severe dis-
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ease, potential differences in the timing
of access or presentation of the popu-
lation to acute care compared with other
settings. These critically ill patients pre-
sented to the hospital already very ill.
Four patients died before admission to
the ICU, 3 of these within 8 hours of
presentation to the hospital. Despite
these potential differences with other
recently characterized outbreaks, the
experience in Mexico may well repre-
sent a global “median” of illness pre-
sentation and outcome for 2009 influ-
enza A(H1N1) more appropriate than
reports only from the most well-
resourced health care settings.22

As of August 30, 2009, the World
Health Organization reported 254 206
cases of 2009 influenza A(H1N1) and
2837 deaths, for a case-fatality rate of ap-
proximately 1%—yet this may well be
an overestimate, because testing is no
longer being reported in many jurisdic-
tions.2 The case-fatality rate in previ-
ous influenza pandemics has varied
widely, and all such reports may be in-
accurate owing to difficulty in assess-
ing the denominator (ie, the total num-
ber of cases).35 The Spanish flu of 1918
is reported as causing 50 million deaths
in 500 million individuals infected (10%
case-fatality rate), while the Hong Kong
flu of 1968-1969 caused 33 000 deaths
among 50 million infected (�0.1% case-
fatality rate).36 The case-fatality rate of
avian influenza A(H5N1) was initially
reported to be as high as 60% but is more
likely in the range of 14% to 33%.28

From the Mexico experience, it is
clear that in certain environments, criti-
cal il lness from 2009 influenza
A(H1N1) may be associated with se-
vere acute lung injury, refractory hy-
poxia, and a high mortality rate in
young individuals. Influenza pandem-
ics of the past century have been asso-
ciated with a remarkably consistent epi-
demiologic curve, with peaks in the
spring, fall, and later winter.7 Early rec-
ognition of disease by the consistent
symptoms of fever and a respiratory ill-
ness during times of outbreak, with
prompt medical attention including
neuraminidase inhibitors and aggres-
sive support of oxygenation failure and

subsequent organ dysfunction, may
provide opportunities to mitigate the
progression of illness and mortality ob-
served in Mexico.
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Instituto Nacional de Enfermedades Respiratorias,
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