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Abstract

Introduction  Surfactant protein D (SP-D) plays an
important role in the innate responses against pathogens
and its production is altered in lung disorders.

Methods We studied the circulating levels of SP-D in 37
patients with acute respiratory distress syndrome due to the
A/HINI virus infection and in 40 healthy controls. Cox
logistic regression models were constructed to explore the
association of SP-D levels and risk of death.

Results  Mortality rate after a 28-day was 32.42 %. Sig-
nificant higher levels of SP-D were detected in A/HIN1
patients with fatal outcome (p < 0.05). After adjusting for
confounding variables, levels of SP-D >250 ng/mL were
associated with increased the risk of death (HR = 8.27,
95 % CI 1.1-64.1, p = 0.043).

Conclusions Our results revealed that higher circulating
levels of SP-D are associated with higher mortality risk in
critically ill A/HIN1 patients. SP-D might be a predictive
factor of poor outcomes in viral pneumonia.

Joaquin Zudiga and Ivette Buendia-Roldan contributed equally.

C. Delgado
Surgical Intensive Care Unit, Centro Médico Nacional “20 de
Noviembre”, ISSSTE, Mexico City, Mexico

E. Krétzsch

Connective Tissue Laboratory, Centro Nacional de Investigacion
y Atencion de Quemados, Instituto Nacional de Rehabilitacion,
Mexico City, Mexico

L. A. Jiménez-Alvarez - G. Ramirez-Martinez -

J. E. Marquez-Garcia - A. Cruz-Lagunas - J. Moran -

C. Hernandez - P. Sierra-Vargas - C. Becerril - M. Montafio -
J. L. Banales-Méndez - J. Zuniga (D<) - I. Buendia-Roldan
Instituto Nacional de Enfermedades Respiratorias Ismael Cosio
Villegas, Tlalpan 4502, Mexico City 14080, Mexico

e-mail: joazu@yahoo.com

Keywords Surfactant protein D (SP-D) - A/HIN1 virus -
Influenza - ARDS - Mortality - Biomarker

Introduction

Host factors including cardiac, respiratory, and metabolic
comorbidities are associated with poorer outcomes of
A/HINI infection and development of acute respiratory
distress syndrome (ARDS) [1-3]. Recent studies support
the hypothesis that a dysregulated immune activation is a
key factor that determines the development of severe
pneumonia [4-6].

Surfactant protein D (SP-D) is synthesized by type II
pneumocytes, belongs to the collectin family and its main
function is to recognize pathogen associated molecular
patterns allowing microbial elimination. SP-D participates
in neutralization and clearance of influenza viruses given its
molecular affinity to viral hemagglutinin [7, 8]. SP-D levels
correlates with pro-inflammatory immune responses, mainly
when alveolar macrophages interact with the trimeric form
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trough their CD91 receptor, leading the activation of p38
MAPK signaling pathway to elicit Th1 responses [8]. SP-D
production is influenced by diverse lung disorders [9, 10],
and its role as a biomarker of lung inflammation has been
described [11, 12]. Based on the central role of SP-D in the
pulmonary host defense and in the regulation of inflamma-
tory responses and its dysregulation in lung diseases, we
hypothesize that circulating levels of SP-D are modified as a
result of lung tissue damage in critically ill A/HIN1-infec-
ted patients, and that SP-D is a useful biomarker to predict
poor outcomes in ARDS patients with A/HIN1 infection.

We aimed to determine if circulating levels of SP-D
correlates with the risk of mortality after a 28-day follow-
up in critically ill patients with A/HIN1 infection.

Materials and Methods
Patients

A group of 37 patients with ARDS associated to pandemic
A/HINTI virus infection was included. Patients were hospi-
talized at the intensive care unit (ICU) of the National Institute
for Respiratory Diseases (INER) in Mexico City during the
A/HINI1 virus outbreak in April 2009. Our Institute is a ref-
erence center for emerging respiratory diseases in Mexico. In
the outbreak of influenza in April 2009, the Medical and
Research staff was early involved in the description of clinical
characteristics of patients with severe respiratory illness
associated to the novel A/HIN1 virus. The infrastructure of
the ICU consists in 15 beds for critical patients and 230-250
patients with different respiratory diseases including COPD,
HIV, TB, pneumonia, and influenza-like disease are admitted
annually. The overall mortality per year in critically ill
patients at the ICU is around 25-32 %.

Diagnosis of A/HIN1 infection was assessed by the pre-
sence of influenza-like symptoms, bilateral pulmonary infil-
trates, and a positive test RT-PCR for the A/HINI1 virus. The
diagnosis of ARDS was based on standard definitions [13].

A group of 40 asymptomatic household contacts, which
were in close contact with A/HINT1 patients but did not
developed acute respiratory disease, was recruited.
Importantly, 76.5 % of the contacts exhibited significant
titers of anti-A/H1NT1 antibodies (1:16), supporting the fact
that they were in contact with the A/HIN1 virus.

The Institutional Review Board of the INER reviewed
and approved the study. All subjects or their legally
authorized relatives provided written informed consent.

A/HIN1 Virus Detection

Nasopharyngeal samples were obtained and viral RNA was
isolated using the viral RNA-mini kit (Qiagen Westburg,
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Leusden, The Netherlands). Detection of A/HINI1 virus
was assessed by real time RT-PCR.

SP-D Levels Determination

Circulating levels of SP-D were measured by ELISA
(BioVendor Research Products ELISA kit, Asherville, NC,
USA). Briefly, 100 pL of serum or standards were incu-
bated during 1 h with 100 pL of anti-SP-D antibody. After
three washes, 100 pL. of HRP solution was added and
incubated by 1 h. One-hundred microliters of TMB sub-
strate was added to each well and reaction was stopped
after 15 min by adding 100 pL of stop solution. Absor-
bance at 450 nm was measured with a microplate ELISA
reader (Bio-Rad Laboratories, Inc., CA, USA).

Anti-A/HIN1 Antibody Titers

The titers of serum anti-A/HINT1 antibodies were measured
using the hemagglutination inhibition (HAI) assay. Briefly,
serially diluted serum samples (25 mL) were mixed with
25 mL of the A/HINI virus strain. The serum/virus dilu-
tions were incubated for 30 min at room temperature. Fifty
milliliters of 0.5 % chicken erythrocytes were added and
after 30 min, HAI activity was evaluated. Serum antibody
titers were established as the reciprocal of the last serum
dilution with no hemagglutination activity and titers greater
than 1:16 were considered positive.

Statistical Analysis

Demographic characteristics, vital signs, clinical outcomes,
treatments, mechanical ventilation and gas exchange
parameters, laboratory tests, and APACHE II scores were
determined at the admission to the ICU. Continuous vari-
ables were compared using the Student’s ¢ test for variables
with normal distribution and the Mann—Whitney U test
otherwise. Categorical variables were analyzed using i*
test. Cox’s multivariate proportional hazard models were
constructed to explore the factors associated with risk of
death. The independent variables tested in the models were
demographic and anthropometric data, lung function, lab-
oratory findings, and comorbid conditions.

We chose the cut-off of 250 ng/mL to determine the two
groups for survival analysis. This cut-off was arbitrarily
selected after a extensive review of the literature in which
we found that in general serum levels of SP-D in healthy
volunteers is typically lower than 100 ng/mL. In addition,
in certain pathological conditions such as idiopathic pul-
monary fibrosis, COPD, and interstitial pneumonia serum
mean levels of SP-D are usually higher than 300 ng/mL
[14]. The correlation between SP-D levels and BMI was
assessed using Spearman’s correlation coefficient.
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The significance level was set at two-tailed p < 0.05,
and at p < 0.0l in case of multiple comparisons. All
analyses were performed using Stata v.10.0 (StataCorp,
College Station, TX, USA).

Results

The clinical and demographic characteristics of the patients
are presented in Table 1.

The median age of the studied A/HIN1 09 patients and
asymptomatic controls was similar. Twenty-three of the
patients were male (62 %) and 57 % (21/37) were current or
former smokers. No significant differences were detected in
the body mass index (BMI). Eighty-nine percent of the
patient’s required invasive mechanical ventilation due to
respiratory failure defined as PaO, value <60 mmHg (nor-
mal value at the altitude of Mexico City: 70 & 3 mmHg)
despite FiO, > 60 % or an increased breathing effort with
accessory respiratory muscle usage. The mortality rate after
a 28-day follow-up was 32.42 % (12 of 37 patients).

The main signs and symptoms at the start of the illness
included fever, myalgias, cough, and headaches, while
chest pain, dyspnea, and cyanosis occurred usually after the
third day. All patients were treated with oseltamivir
(150 mg/day) during the period of required mechanical
ventilation. In addition, all patients received ceftriaxone
and clarithromycin from the time of admission, and treat-
ment was sustained, while the patients were on mechanical
ventilation, but was upgraded in case of fever, if leuko-
cytosis developed again, if new infiltrates on chest X-ray
appeared, or if antibiotic resistance was documented in
samples from bronchial aspirates. Blood, urine, and bron-
chial secretion cultures performed at the time of

hospitalization in the ICU revealed neither bacterial, fun-
gal, nor mycobacterial secondary infections. Systemic
corticosteroids were administered to all patients at a dose
of 1 mg/kg/day of methylprednisolone during the
mechanical ventilation period. No other clinical or bio-
chemical variable, including the APACHE II score showed
significant difference among these subgroups.

Fatal Outcome in Critically 11l A/HIN1 Patients is
Associated to Increased Levels of Circulating SP-D

As illustrated in Table 1 and Fig. 1, circulating SP-D values
were significantly higher in patients who died (630 ng/mL)
when compared to survivors (172 ng/mL, p < 0.02) and to
healthy controls (49.5 ng/mL, p < 0.0001). After adjusting
for confounding variables including age, gender, and PaO,/
FiO,, we found that a serum SP-D concentration >250 ng/
mL significantly increased the risk of death in the study
population (HR = 8.27, 95 % CI 1.1-64.1, p = 0.043). In
addition, Kaplan—Meier’s survival estimates were calcu-
lated for the referred value. Patients with SP-D concentra-
tions <250 ng/mL showed a 28-day survival estimate of
0.91 (95 % CI 0.51-0.98) meanwhile this probability was
0.38 (95 % CI 0.16-0.61) for the >250 ng/mL group,
(p < 0.021), Fig. 2. Significant correlations between SP-D
levels with BMI were not detected.

Discussion

Among its many effects, SP-D has been shown to be a
strong chemoattractant for both monocytes and neutrophils
with important effects in the pathogenesis of lung disorders
[8-10]. In this study, we analyzed the circulating levels of

Table 1 Demographic characteristics, clinical features, and serum SP-D values of the study population at study entry

Variable All patients, n = 37 Non-survivors, n = 12 Survivors, n = 25 p* Value
Age, years (IQRj5_75) 40 (29-52) 43.5 (28.5-48.5) 39 (29-52) 0.90
Male, n (%) 23 (62) 9 (75) 14 (56) 0.35
Body mass index (IQR»5_75) 29.3 (27.1-33.3) 31.1 (27.2-35.2) 28.9 (26.9-32.3) 0.45
Smokers, n (%) 21 (57) 8 (67) 13 (52) 0.68
Symptom onset to admission (IQR;5 75) 7 (2-21) 5.5 (3-13) 7 (2-21) 0.58
Dyspnea onset to discharge or death, days (IQR;s 75) 16 (1-38) 11 (6-22) 20 (1-38) 0.08
Body temperature, °C (IQR»s_75) 37.1 (36.5-38) 36.8 (36.2-38.2) 37.1 (36.8-37.8) 0.73
Pulse rate, bpm (IQR;s5 75) 100 (95-112) 104 (92-113) 100 (95-100) 0.9
Pulse-oximetry, % (IQR,5_75) 76 (69-82) 71 (68-81) 78 (70-85) 0.37
Pa0,/FiO; (IQR,5_75) 190.4 (161.9-248.1) 186.6 (161.9-214.7) 202.8 (174.7-253.8)  0.51
SP-D, ng/mL (IQR55_75) 434.5 (105-776) 630 (439-931) 172 (56-476) 0.02
APACHE 11, score (IQRs5_75) 9 (7-12) 9 (7-12) 9.5 (7-12.5) 0.65
Diabetes mellitus, n (%) 5 (13.5) 0 (0) 5 (20) 0.16

?  Comparisons between non-survivors and survivors were performed with Student’s 7 test for continuous variables with normal distribution and
the Mann—Whitney U test otherwise. Categorical variables were analyzed using }{2 test. Data are shown as medians (IQR ,s_75) and percentages
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Fig. 1 Circulating levels of SP-D in patients with ARDS-A/HIN1 09
infection with fatal outcome, survivors, and controls. A marked
increase in the circulating levels of SP-D was observed patients with
A/HIN1 09 infection with fatal outcome (non-survivors) when
compared to A/HINI patients that become recovered (survivors)
and asymptomatic controls. Results are shown as medians and
interquartile range (IQRs_75). Comparisons among groups were
analyzed using the Mann—Whitney U test and p values <0.05 were
considered statistically significant

SP-D in a group of patients with severe disease associated
to the A/HINI1 virus with and without fatal outcome. The
most striking findings were that the patients with fatal
outcome displayed a marked increase in the circulating
levels of SP-D. After adjustment by age, gender, comor-
bidities, and APACHE II score, we found that a serum SP-
D concentration >250 ng/mL could predict an increased
risk of death at 28 days in patients with pneumonia asso-
ciated to the A/HIN1 virus infection.
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Fig. 2 Kaplan—Meier’s survival estimates of all patients with ARDS
and A/HIN1 09 infection according to the SP-D circulating levels.
Patients with SP-D concentrations <250 ng/mL showed a 28-day
survival estimate of 0.91 (95 % CI 0.51-0.98), whereas survival
estimate in patients with levels >250 ng/mL was 0.38 (95 % CI
0.16-0.61) (p < 0.021)
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SP-D is mainly secreted into the alveoli, thus a rise in
serum concentrations may reflect protein translocation
caused by the abnormal increase in alveolar-capillary
membrane permeability, possibly due to loss of its struc-
tural integrity [12, 15]. Serum SP-D has been proposed as a
biomarker for acute and chronic respiratory diseases
including COPD and IPF in diverse clinical studies [16—
18]. These studies support the hypothesis of the potential
deleterious effect of the overproduction of SP-D which was
directly associated with worse clinical outcomes in lung
diseases. Nishida and coworkers [19] reported a non-sig-
nificant correlation of SP-D and KL-6/MUC1 mucin levels
with the clinical progression or poorer outcomes in pedi-
atric A/HIN1 patients. These differences might be
explained because pediatric patients had a milder disease
and did not require mechanical ventilation, whereas more
than 80 % of our patients required mechanical ventilation
at the ICU. Interestingly, other studies have described that
low levels of SP-D expression in lungs are associated with
fatal influenza by A/HINI strain [20]. Our findings indi-
cate that serum SP-D levels might be useful to estimate the
risk of poorer outcomes in critical patients with severe lung
disease associated to A/HINI.

It is well documented that SP-D is a glycoprotein
involved in the regulation of innate immunity and antiviral
responses in the lung [9—11]. This protein often translo-
cates to the systemic circulation in clinical conditions in
which lung permeability is increased. Different studies
have demonstrated that SP-A and SP-D are important
biomarkers of IPF where high levels of these surfactant
proteins are predictors of mortality [21]. In addition, evi-
dence in large cohorts also supports its importance as a
prognostic marker of clinical exacerbations and in COPD
progression [18]. Recent reports suggest that the analysis
of circulating levels of SP-D is useful as a diagnostic tool
in severe sepsis patients with ARDS [22] and to evaluate
the progression of lung injury in critically ill patients with
mechanical ventilation in whom circulating levels of this
protein positively correlates with the lung injury score as a
parameter to measure the pathophysiological features of
ARDS [23] In this scenario, clinical and experimental
studies have demonstrated that the increased plasma SP-D
levels could reflect acute alveolar damage and type II cell
hyperplasia [24, 25]. Thus, SP-D level appears to be a
reliable indicator of alterations in alveolar epithelial per-
meability because is more hydrophilic than other surfactant
proteins such as SP-A that possibly results in a higher
capacity to enter to the circulation.

SP-D plays a critical role in the regulation of macro-
phages, neutrophils, and fibrocytes infiltrates promoting the
production of pro-inflammatory and pro-fibrotic cytokines
including TGF-B and PDGF-AA [26]. In viral lung infec-
tions, SP-D may participate in the recruitment of
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macrophages contributing to a dysregulated inflammatory
response in A/HINTI critically ill patients. Non-regulated
inflammatory responses may exert a deleterious effect in
the lung tissue resulting in the development of severe
A/HINI disease. We and other investigators have reported
higher levels of the pro-inflammatory mediators including
IL-6, CXCLS8, CCL2, and CCLS5 in serum and bronchoal-
veolar lavage from A/H1NI-infected patients with severe
pneumonia than those in either the household contacts or
healthy controls [4, 27, 28].

Corticosteroid treatment may help to reduce circulating
and lung levels of pro-inflammatory mediators. However,
recent reports demonstrate that early use of corticosteroid
therapy does not reduce mortality of critically ill patients
with influenza A/HIN1 virus infection [29, 30]. In contrast,
the corticosteroid treatment significantly decreases lung
injury and mortality in patients with severe A/HINI1
infection [31] and septic shock [32]. In our study, a dose of
1 mg/kg/day of methylprednisolone was administered to
ICU admitted patients during the mechanical ventilation
during the outbreak in April 2009. As we mentioned in the
results section, a mortality rate of 32.4 % was observed in
our patients after 28 days, whereas 54 % of mortality was
observed in A/HINI1 patients that received similar doses of
steroids after 90 days of follow-up [30]. It is possible that
the use of corticosteroid therapy may result in increased
susceptibility of secondary bacterial infections due to the
pronounced reduction of protective immune mediators
[33].

This study has some limitations, including the relatively
small number of patients that were studied. Sample size
was restricted by the study’s focus on critically ill patients
during a short duration outbreak in 2009. Moreover, we
choose not to include those patients with influenza-like
illness likely associated with A/HIN1 infection but without
viral corroboration. A second limitation is our inability to
include a replication cohort of patients with ARDS asso-
ciated to other respiratory viruses different from A/HIN1
strain and third, the lack of experimental assays to under-
stand the possible role of SP-D in the pathogenesis of
severe A/HIN1 infection.

In summary, our results indicate that higher circulating
levels of SP-D are associated with higher mortality risk in
patients with pneumonia due to the A/HIN1 virus. This
protein is a potential prognostic biomarker of poorer out-
comes of viral pneumonia. Further work is necessary to
identify the mechanisms that determine the possible path-
ogenic effect of high levels of SP-D in infected lung with
A/HINI.
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