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ABSTRACT

Angiotensin-converting enzyme (ACE) inhibitors and statins may potentially benefit patients with viral infections and pneumonia.
Our study aimed to evaluate the impact of ACE inhibitors and statins on the rates of intubation and death in viral pneumonia.
We retrospectively studied 1055 adult patients admitted to a tertiary care center in central Texas with a positive respiratory viral
polymerase chain reaction test. Of these, 539 had clinical presentation and imaging consistent with pneumonia. We collected
information on demographic characteristics, microbiology, comorbid conditions, medication use, and outcomes. ACE inhibitors
given prior to admission were associated with an increased risk of death or intubation (odds ratio [OR] = 3.02; 95% confidence
interval [Cl], 1.30—7.01), whereas statin use prior to admission did not change rates of death or intubation. Lower rates of death
and intubation were noted with continued use of ACE inhibitors (OR =0.25; 95% Cl, 0.09-0.64) and statins (OR =0.26; 95%
Cl, 0.08-0.81) throughout the hospital stay. We added further evidence of the beneficial effect of continued use of ACE inhibitors
and statins in viral pneumonia.
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espiratory viruses have been increasingly recog- ability to inhibit influenza A virus replication in vitro,

nized as important pathogens causing community-  decrease neutrophil influx, and alter the nitric oxide balance

acquired pneumonia, with an estimated prevalence  to promote hemodynamic stability.'> ACE inhibitors and

1 in adults of 100 million cases worldwide per  ARBs also have significant immunomodulatory effects'? and
year. Viral pneumonia represents up to 20% to 40% of all  protect against acute lung injury by blocking the classical
cases of community-acquired pneumonia that require hospi-  ACE pathway.'* This study evaluated the impact of statin,

talization”™ and has been found to be a cause of nosocomial  ACE inhibitor, and ARB use prior to and during hospitaliza-
infection.”” Despite being so common, viral pneumonia tion on outcomes in viral pneumonia.
remains poorly characterized and underrecognized in clinical
practice. HMG-CoA reductase inhibitors (statins), angioten-
sin-converting enzyme (ACE) inhibitors, and angiotensin II
receptor blockers (ARBs) are medications commonly pre-
scribed for chronic medical issues and have been associated
with decreased mortality in patients with pneumonia. These
are postulated to attenuate pulmonary and systemic inflam-

matory response by reducing cytokines.*'” Statins have the

METHODS

We performed a retrospective review of consecutive
hospitalized patients with an acute respiratory illness and
a positive respiratory viral polymerase chain reaction (PCR)
test admitted at a tertiary care center in central Texas
between January 2011 and February 2014. Inclusion criteria
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were a positive respiratory viral PCR, admission to hospital
for >24 hours, and age >18 years.

A manual review of the electronic medical record was
performed to obtain patient demographic characteristics,
comorbidities, laboratory and culture results, initial triage
location, intensive care unit (ICU) admission, use of mech-
anical or noninvasive positive pressure ventilation, hospital
and ICU length of stay, 90-day hospital readmission, and
hospital mortality. Data on the use of statins, ACE inhibi-
tors, and ARBs prior to admission and during admission
were collected. The medications were considered to be con-
tinued if they were given more than 50% of the days the
patient was in the hospital.

Pneumonia was defined by the presence of a pulmonary
infiltrate on chest radiograph as interpreted by a board-certi-
fied radiologist. Additionally, the diagnosis required a clinical
history consistent with pneumonia, with two of the following
features: fever, cough, purulent sputum production, dyspnea,
and altered mental status."> Community-acquired pneumo-
nia, hospital-acquired pneumonia, and health care—associated
pneumonia were defined based on published guidelines at
the time of data collection.'® Patients who had clearly docu-
mented aspiration pneumonia and those who did not meet
the above definition were excluded.

Means and frequencies were calculated for patient charac-
teristics and clinical measures, collectively and by pneumonia
group status (pneumonia-positive vs. pneumonia-negative/
other). Bivariate analyses assessed underlying differences by
group status. Chi-square analyses compared categorical char-
acteristics across groups (with Fisher’s exact test used for
small expected cell counts). The nonparametric Wilcoxon
rank-sum test assessed differences for continuous measures
between patient groups. Multivariable logistic regression ana-
lysis was used to further assess the association between
patient characteristics and pneumonia clinical outcomes. A
type I error of «=0.05 was used for all tests. All analyses
were performed using SAS Version 9.2 (SAS Institute, Cary,
NC). Research was approved by the local institutional review
board and the need for consent was waived due to the retro-
spective nature of the study.

The primary outcome was a combined in-hospital mor-
tality and intubation for the patients with viral pneumonia
on ACE inhibitors, ARBs, or statins. Secondary outcomes
that were assessed included hospital length of stay, intub-
ation, ICU admission, hospital readmission, and use of non-
invasive positive pressure ventilation.

RESULTS

There were 1055 patients with a positive respiratory viral
PCR. Five hundred thirty-nine patients (51%) had radio-
graphic and clinical signs of pneumonia. Demographic infor-
mation and comorbid conditions for the pneumonia-positive
and pneumonia-negative groups are listed in 7able 1. Use of
a statin, ACE inhibitor, or ARB prior to hospitalization or
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Table 1. Cohort characteristics

Pneumonia Pneumonia
positive negative
Variable (N=539) (N=516) P value
Age (years) 63.8 (£19.1)  60.5 (x18.00  <0.01
Women 286 (63.1%) 319 (61.8%)  <0.01
Body mass index 29.3 (x9.9) 31.0 (9.3) <0.01
Smoker (ever) 289 (53 6%) 291 (56.4%) 0.36
Acute exacerbation of COPD 9 (16.5%) 113 (21.9%) 0.03
Acute decompensation of CHF 46 (8.5%) 51 (9.9%) 0.45
Diabetes mellitus 126 (23 4%) 151 (29.3%) 0.03
Chronic kidney disease 8 (18.2%) 77 (14.9%) 0.15
HIV infection 2 (2.2%) 6 (1.2%) 0.18
Cirrhosis 6 (1.1%) 6 (1.2%) 0.94
Hepatitis 4 (2.6%) 10 (1.9%) 0.47
Immunocompromised 59 (11.0%) 47 (9.1%) 0.32
Heart disease 201 (37.3%) 204 (39.5%) 0.45
COPD 138 (25.6%) 150 (29.1%) 0.21
Asthma 37 (6.9%) 94 (18.2%)  <0.01
Interstitial lung disease 3 (2.4%) 7 (1.4%) 0.21
Drug abuse 4 (2.6%) 9 (3.7%) 0.31
Alcoholic 7 (3.2%) 8 (3.5%) 0.76
Coinfection 103 (19.1%) 28 (5.4%) <0.01
ACE prior to hospitalization 145 (26.9%) 144 (27.9%) 0.71
ACE continued in hospital 108 (20.0%) 122 (23.6%) 0.16
ARB prior to hospital 52 (9.7%) 53 (10.3%) 0.74
ARB continued in hospital 35 (6.5%) 45 (8.7%) 017
Statin prior to hospital 197 (36.6%) 199 (38.6%) 0.50
Statin continued in hospital 175 (32.5%) 188 (36.4%) 0.18

ACE indicates angiotensin-converting enzyme; ARB, angiotensin Il receptor blockers;
CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease.

continued use during hospitalization did not affect the risk
of being diagnosed with pneumonia.

The types of viruses for the total population, the pneu-
monia-positive group, and the pneumonia-negative group
are shown in Figure 1. Of patients with pneumonia, the
most common viral pathogens recovered were rhinovirus/
enterovirus (37.5%), influenza A (33%), and respiratory
syncytial virus (10%). The rate of bacterial coinfection was
19.1% in the pneumonia-positive group, with Staphylococcus
aureus (combined methicillin-resistant and methicillin-sensi-
followed by
Pseudomonas aeruginosa (5.4%) and Streptococcus pneumoniae
(4.5%). Sputum bacterial cultures in the pneumonia-

tive) being the most common (6.2%),
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Figure 1. Distribution of viruses.
Table 2. Outcomes
Pneumonia Pneumonia

Variable positive (N=539) negative (V=516) P value
Median hospital length 6.0 (4-9 IQR) 4.0 (3-6 1QR) <0.01

of stay (days)
In-hospital death 43 (8.0%) 17 (3.3%) <0.01
Noninvasive ventilation 69 (12.8%) 53 (10.3%) 0.20
Intubation 96 (17.8%) 19 (3.7%) <0.01
ICU admission 101 (18.7%) 29 (5.6%) <0.01
Median ICU length 5.0 (3-12 1QR) 3.0 (1-5 1GR) <0.01

of stay (days)
Readmission rate 128 (23.8%) 114 (22.1%) 0.52
In-hospital death 112 (20.8%) 33 (6.4%) <0.01

and/or intubation

ICU indicates intensive care unit; IQR, interquartile range.

positive group were negative in 42.1% of the patients, and
no culture was performed in 39.2%. Outcomes for patients
with pneumonia versus those without pneumonia are listed
in Table 2.

In the patients with viral pneumonia, the risk of death
increased with use of ACE inhibitors prior to admission
(odds ratio [OR]=3.02; 95% confidence interval [CI],
1.30-7.01; P=0.01), though continued use of ACE inhibi-
tors or continued use of statins was associated with decreased
mortality and/or intubation (ACE inhibitors: OR=0.25;
95% CI, 0.09-0.64; P < 0.01; statins: OR=0.26; 95% CI,
0.08-0.81; P=10.02).

Hospital length of stay for patients with pneumonia
increased with use of statins on admission (OR=2.18; 95%
CI, 1.61-2.95; P<0.01). Length of stay in the hospital was
lower for patients with continued use of ACE inhibitors
during hospital stay (OR=0.70; 95% CI, 0.53-0.91;
P<0.01). Table 3 lists other results from the multivariate
regression analysis, several of which were statistically signifi-
cant but beyond the scope of this article.
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DISCUSSION

In our cohort of patients hospitalized with acute respira-
tory illness who tested positive for respiratory virus by PCR,
over half developed pneumonia; among those with pneumo-
nia, continued use of statins and continued use of ACE
inhibitors correlated with a decreased risk of mortality
or intubation.

The major goal of our study was to assess the effect of
ACE inhibitors, ARBs, and statins in patients with viral
pneumonia. Mortensen et al found a significant decrease in
mortality, length of stay, and mechanical ventilation in
patients taking statins, ACE inhibitors, or ARBs who were
hospitalized with pneumonia compared to a matched
cohort.'” A meta-analysis by Chopra et al noted a decrease
in pneumonia-related mortality for those taking statins.”
Similarly, we found a decrease in intubation or mortality in
patients with continued use of ACE inhibitors or statins
during their hospital admission for viral pneumonia,
though not for continued ARB use. Furthermore, those
who were on ACE inhibitors prior to admission and subse-
quently discontinued the medication had a higher mortality
than those not on an ACE inhibitor prior to admission. We
speculate that the ACE inhibitors were discontinued in
patients with shock or acute renal failure, thus representing
more severe viral pneumonia than those in whom it was
continued throughout their hospital stay. Alternatively, this
difference could be due to the attenuating effects of ACE
inhibitors on the innate immune system through deactiva-
tion of the classical ACE pathway.'* In the aforementioned
study by Mortensen et al, patients were included only if the
medication was started as an outpatient, with a sufficient
supply to last through the hospitalization, and was subse-
quently administered within the first 48 hours of admis-
sion.® A similar effect was not seen for ARBs, though a
trend was noted that did not reach stacistical significance.
This could be due to the relatively small sample of patients
on an ARB in our study.

Similar to previous studies, rhinovirus/enterovirus and
influenza A made up the majority of the infections, both with
and without pneumonia.>*'®'* Our viral findings are in con-
cordance with the meta-analysis by Burk et al.'"® Our study
also included the 2013-2014 HINT1 influenza virus, which
may explain the severity of illness seen as well as the worse out-
comes with younger patients. This particular influenza season
was noted to have a high mortality rate in adults <65
years.”>?' Bacterial coinfection was seen in one-fifth of the
patients, much higher than the 3% reported by Jain et al.* Not
surprisingly, those with bacterial coinfection had a threefold
higher risk of death or intubation compared to those without a
bacterial coinfection. Viral infection has a synergistic effect on
bacterial infection, allowing for a more severe infection."?**%
Staphylococcus aureus and Streptococcus pneumoniae were the
most common bacterial pathogens, thought to be due to the

high number of HINI influenza infections.*
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Table 3. Multivariate analysis

Risk of pneumonia

In-hospital death

and/or intubation Hospital length of stay

OR (95% CI) P value OR (95% Cl) P value OR (95% ClI) P value
Age (decade effect) 1.12 (1.04-1.22) <0.01 0.82 (0.72-0.94) <0.01 0.94 (0.91-0.97) <0.01
Women 0.77 (0.59-1.00) <0.05 0.98 (0.62-1.56) 0.94 1.06 (0.94-1.20) 0.31
ACE prior to hospital 1.34 (0.74-2.44) 0.33 3.02 (1.30-7.01) 0.01 1.22 (0.96-1.56) 0.10
ACE continued in hospital 0.64 (0.34-1.19) 0.16 0.25 (0.09-0.64) <0.01 0.70 (0.53-0.91) 0.01
ARB prior to hospital 1.65 (0.63-4.29) 0.30 1.12 (0.30-4.10) 0.87 0.97 (0.68-1.39) 0.88
ARB continued in hospital 0.48 (0.17-1.37) 0.17 0.75 (0.16-3.44) 0.71 0.80 (0.53-1.21) 0.30
Statin prior to hospital 1.15 (0.5-2.67) 0.74 2.66 (0.90-7.81) 0.08 2.18 (1.61-2.95) <0.01
Statin continued in hospital 0.78 (0.33-1.81) 0.56 0.26 (0.08-0.81) 0.02 0.39 (0.28-0.53) <0.01
Smoker (ever) 1.04 (0.78-1.39) 0.81 0.83 (0.50-1.38) 0.47 0.84 (0.74-0.96) 0.01
Coinfection 4.25 (2.70-6.69) <0.01 2.90 (1.75-4.82) <0.01 1.29 (1.11-1.49) <0.01
Chronic kidney disease 1.30 (0.90-1.89) 0.16 1.78 (0.96-3.31) 0.07 1.33 (1.13-1.56) <0.01
Asthma 0.35 (0.23-0.54) <0.01 0.56 (0.20-1.56) 0.27 0.78 (0.61-0.99) 0.04

ACE indicates angiotensin-converting enzyme; ARB, angiotensin Il receptor blockers; OR, odds ratio.

Several studies have evaluated the risk of developing
pneumonia when on ACE inhibitors or ARBs, with mixed
results. ACE inhibitor use in stroke patients has been
found to decrease the risk of pneumonia in several studies
from Asia.”> These results have not been consistently
replicated in other populations.”**® A meta-analysis by
Caldeira et al reported a significant decrease in the risk of
developing pneumonia and decrease in mortality among
those taking ACE inhibitors or ARBs.”” We found no
difference in rates of use of these medications prior to
hospitalization between those with a viral infection who
developed pneumonia and those who did not
develop pneumonia.

Our study has several limitations. First, as with all
retrospective observational studies, our study can only
present associations and not causality pertaining to
improved outcomes with continued use of ACE inhibitors
and statins. Secondly, this study only represents the
experience of a single center. Thirdly, nearly 20% of
patients had a bacterial coinfection by sputum culture. It
is possible that we could have underestimated the true
bacterial burden because this depended on adequate and
timely sputum sampling prior to antibiotic administra-
tion. Previous studies have revealed that cultures are nega-
tive in up to 68% of bacterial pneumonia® and that
coinfection is present in up to 10% of patients with viral
pneumonia.'® Fourthly, being a pragmatic study, this
study did not account for the code status of the patients,
which could have affected the primary outcome. The
number of viral PCRs obtained via bronchoalveolar lavage

was not available. There is an increased rate of positive
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viral PCR results in studies where lower respiratory tract

. 2,30
samples were obtained. 3

Our study supports the continued use of statins and
ACE inhibitors in patients admitted with viral pneumonia
and encourages further prospective studies on the beneficial
effects of ACE inhibitors and statins in pneumonia.

ORCID
Christopher Henry ([®) http://orcid.org/0000-0002-1130-4267
Shekhar Ghamande htep://orcid.org/0000-0001-6924-9494
Alejandro C. Arroliga http://orcid.org/0000-0002-7245-2159

Heath D. White {5) http://orcid.org/0000-0003-1065-3681

1. Ruuskanen O, Laht E, Jennings LC, Murdoch DR. Viral pneumonia.
Lancer. 2011;377(9773):1264-1275. doi:10.1016/S0140-6736(10)6159-6.

2. Choi SH, Hong SB, Ko GB, et al. Viral infection in patients with
severe pneumonia requiring intensive care unit admission. Am J Respir
Crit Care Med. 2012;186(4):325-332. doi:10.1164/rccm.201112-
22400C.

3. File TM, Marrie T]. Burden of community-acquired pneumonia in
North American adults. Postgrad Med. 2010;122(2):130-141. doi:
10.3810/pgm.2010.03.2130.

4. Jain S, Self WH, Wunderink RG, et al. Community-acquired pneu-
monia requiring hospitalization among U.S. adults. N Engl | Med.
2015;372(9):835-845. doi:10.1056/NEJMo0al500245.

5. Musher DM, Thorner AR. Community-acquired pneumonia. N Engl
J Med. 2014;371(17):1619-1628. doi:10.1056/NEJMral1312885.

6. Shorr AF, Zilberberg MD, Micek ST, Kollef MH. Viruses are preva-
lent in non-ventilated hospital-acquired pneumonia. Respir Med.
2017;122:76-80. doi:10.1016/j.rmed.2016.11.023.

7. Luyt C-E, Combes A, Nieszkowska A, Trouillet J-L, Chastre J. Viral
infections in the ICU. Curr Opin Crit Care. 2008;14(5):605-608.
doi:10.1097/MCC.0b013¢32830f1e12.

Volume 31, Number 4


https://doi.org/10.1016/S0140-6736(10)6159-6.
https://doi.org/10.1164/rccm.201112-2240OC
https://doi.org/10.1164/rccm.201112-2240OC
https://doi.org/10.3810/pgm.2010.03.2130
https://doi.org/10.1056/NEJMoa1500245
https://doi.org/10.1056/NEJMra1312885
https://doi.org/10.1016/j.rmed.2016.11.023
https://doi.org/10.1097/MCC.0b013e32830f1e12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

October 2018

. Mortensen EM, Pugh M]J, Copeland LA, et al. Impact of statins and

angiotensin-converting enzyme inhibitors on mortality of subjects hos-
pitalised with pneumonia. Eur Respir J. 2008;31(3):611-617. doi:
10.1183/09031936.00162006.

. Chopra V, Rogers MA, Buist M, et al. Is statin use associated with

reduced mortality after pneumonia? A systematic review and meta-
analysis. Am | Med. 2012;125(11):1111-1123. doi:10.1016/
j.amjmed.2012.04.011.

Wu A, Good C, Downs JR, et al. The association of cardioprotective
medications with pneumonia-related outcomes. PLoS One. 2014;9(1):
€85797. doi:10.1371/journal.pone.0085797.

Peng J, Zhang D, Ma Y, Wang G, Guo Z, Lu ]. Protective effect of
fluvastatin on influenza virus infection. Mol Med Rep. 2014;9(6):
2221-2226. do0i:10.3892/mmr.2014.2076.

Boyd AR, Mortensen EM. Are statins beneficial for viral pneumonia?
Eur Respir J. 2013;41(5):1010-1011. doi:10.1183/09031936.00135912.
Gullestad L, Aukrust P, Ueland T, et al. Effect of high- versus low-
dose angiotensin converting enzyme inhibition on cytokine levels in
chronic heart failure. / Am Coll Cardiol. 1999;34(7):2061-2067. doi:
10.1016/50735-1097(99)00495-7.

Hendrickson CM, Matthay MA. Viral pathogens and acute lung
injury: Investigations inspired by the SARS epidemic and the 2009
HINT influenza pandemic. Semin Respir Crit Care Med. 2013;34(04):
475-486. doi:10.1055/s-0033-1351122.

Mandell LA, Wunderink RG, Anzueto A, et al. Infectious Diseases
Society of America/American Thoracic Society consensus guidelines
on the management of community-acquired pneumonia in adults.
Clin Infect Dis. 2007;44(Suppl 2):527-S72. doi:10.1086/511159.
American Thoracic Society; Infectious Diseases Society of America.
Guidelines for the management of adults with hospital-acquired, ven-
tilator-associated, and healthcare-associated pneumonia. Am ] Respir
Crit Care Med. 2005;171(4):388—416. doi:10.1164/rccm.200405-
644ST.

Mortensen EM, Nakashima B, Cornell ], et al. Population-based
study of statins, angiotensin II receptor blockers, and angiotensin-con-
verting enzyme inhibitors on pneumonia-related outcomes. Clin Infect
Dis. 2012;55(11):1466-1473. doi:10.1093/cid/cis733.

Burk M, El-Kersh K, Saad M, Wiemken T, Ramirez J, Cavallazzi R.
Viral infection in community-acquired pneumonia: a systematic
review and meta-analysis. Eur Respir Rev. 2016;25(140):178-188. doi:
10.1183/16000617.0076-2015.

Choi S, Won J, Hong S, et al. Clinical characteristics and outcomes
of severe rhinovirus-associated pneumonia identified by bronchoscopic
bronchoalveolar lavage in adults: Comparison with severe influenza

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Effect of ACE inhibitors and statins on viral pneumonia

virus-associated pneumonia. / Clin Virol. 2015;62(2015):41-47. doi:
10.1016/j.jcv.2014.11.010.

Shrestha SS, Swerdlow DL, Borse RH, et al. Estimating the burden of
2009 pandemic influenza A (HIN1) in the United States (April
2009-April 2010). Clin Infect Dis. 2011;52(Suppl 1):S75-S82. doi:
10.1093/cid/ciq012.

Shah NS, Greenberg JA, McNulty MC, et al. Severe influenza in
33 US hospitals, 2013-2014: Complications and risk factors for death
in 507 vpatients. Infect Control Hosp Epidemiol. 2015;36(11):
1251-1260. doi:10.1017/ice.2015.170.

Almand EA, Moore MD, Jaykus LA. Virus-bacteria interactions: An
emerging topic in human infection. Viruses. 2017;9(3):58. doi:
10.3390/v9030058.

Jm R, Ashar HK, Chow VT, Teluguakula N. Lethal synergism
between influenza and Streptococcus pneumoniae. J Infect Pulm Dis.
2016;2(2):187. doi:10.16966/2470-3176.114.

Klein EY, Monteforte B, Gupta A, et al. The frequency of influenza
and bacterial coinfection: a systematic review and meta-analysis.
Influenza Other Respi Viruses. 2016;10(5):394—403. doi:10.1111/irv.
12398.

Okaishi K, Morimoto S, Fukuo K, et al. Reduction of risk of pneu-
monia associated with use of angiotensin I converting enzyme inhibi-
tors in elderly inpatients. Am J Hypertens. 1999;12(8):778-783. doi:
10.1016/50895-7061(99)00035-7.

Dublin S, Walker RL, Jackson ML, Nelson JC, Weiss NS, Jackson
LA. Angiotensin-converting enzyme inhibitor use and pneumonia risk
in community-dwelling older adults: Results from a population-based
case-control  study. Pharmacoepidemiol Drug Saf. 2012;21(11):
1173-1182. doi:10.1002/pds.3340.

van de Garde EMW, Souverein PC, van den BJMM, Deneer VHM,
Leutkens HGM. Angiotensin-converting enzyme inhibitor use and
pneumonia risk in a general population. Eur Respir J. 2006;27(6):
1217-1222. doi:10.1183/09031936.06.00110005.

Liu C-L, Shau W-Y, Chang C-H, Wu C-S, Lai M-S. Pneumonia risk
and use of angiotensin-converting enzyme inhibitors and angiotensin
IT receptor blockers. J Epidemiol. 2013;23(5):344-350. doi:10.2188/
jea.JE20120112.

Caldeira D, Alarcio J, Vaz-Carneiro A, Costa ]. Risk of pneumonia
associated with use of angiotensin converting enzyme inhibitors and
angiotensin receptor blockers: systematic review and meta-analysis.
BM]J. 2012;345:4260. doi:10.1136/bmj.e4260.

Karhu ], Ala-Kokko TI, Vuorinen T, Ohtonen P, Syrjild H. Lower
respiratory tract virus findings in mechanically ventilated patients with
severe community-acquired pneumonia. Clin Infect Dis. 2014;59(1):
62-70. doi:10.1093/cid/ciu237.

423


https://doi.org/10.1183/09031936.00162006
https://doi.org/10.1016/j.amjmed.2012.04.011
https://doi.org/10.1016/j.amjmed.2012.04.011
https://doi.org/10.1371/journal.pone.0085797
https://doi.org/10.3892/mmr.2014.2076
https://doi.org/10.1183/09031936.00135912
https://doi.org/10.1016/S0735-1097(99)00495-7
https://doi.org/10.1055/s-0033-1351122
https://doi.org/10.1086/511159
https://doi.org/10.1164/rccm.200405-644ST
https://doi.org/10.1164/rccm.200405-644ST
https://doi.org/10.1093/cid/cis733
https://doi.org/10.1183/16000617.0076-2015
https://doi.org/10.1016/j.jcv.2014.11.010
https://doi.org/10.1093/cid/ciq012
https://doi.org/10.1017/ice.2015.170
https://doi.org/10.3390/v9030058
https://doi.org/10.16966/2470-3176.114
https://doi.org/10.1111/irv.12398
https://doi.org/10.1111/irv.12398
https://doi.org/10.1016/S0895-7061(99)00035-7
https://doi.org/10.1002/pds.3340
https://doi.org/10.1183/09031936.06.00110005
https://doi.org/10.2188/jea.JE20120112
https://doi.org/10.2188/jea.JE20120112
https://doi.org/10.1136/bmj.e4260
https://doi.org/10.1093/cid/ciu237

	Abstract
	Methods
	Results
	Discussion


