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Abstract

Background: In immunocompromised patients with acute respiratory failure (ARF), the
clinical significance of respiratory virus detection in the nasopharynx remains uncertain.

Research question: Is viral detection in nasopharyngeal swabs associated with causes and
outcomes of ARF in immunocompromised patients?

Study design and methods: This preplanned post hoc analysis of a randomized controlled
trial enrolled immunocompromised patients admitted to 32 ICUs for ARF between May 2016
and December 2017. Nasopharyngeal swabs sampled at inclusion were assessed for 23
respiratory pathogens using multiplex polymerase chain reaction (PCR) assay. Causes of ARF
were established by managing physicians and were reviewed by three expert investigators
masked to the multiplex PCR assay results. Associations between virus detection in
nasopharyngeal swabs, causes of ARF, and composite outcome of day 28 mortality, invasive
mechanical ventilation (IMV), or both were assessed.

Results: Among the 510 sampled patients, the multiplex PCR assay results were positive in
103 patients (20.2%), and a virus was detected in 102 samples: rhinoviruses or enteroviruses
in 35.5%, coronaviruses in 10.9%, and flu-like viruses (influenza virus, parainfluenza virus,
respiratory syncytial virus, human metapneumovirus) in 52.7%. The cause of ARF varied
significantly according to the results of the multiplex PCR assay, especially the proportion of
viral pneumonia: 50.0% with flu-like viruses, 14.0% with other viruses, and 3.6% when no
virus was detected (P < .001). No difference was found in the composite outcome of day 28
mortality, IMV, or both according to positive assay findings (54.9% vs 54.7%; P = .965). In a
pre-established subgroup analysis, flu-like virus detection was associated with a higher rate of
day 28 mortality, IMV, or both among recipients of allogeneic hematopoietic stem cell
transplantation compared with those without detected virus.

Interpretation: In immunocompromised patients with ARF, the results of nasopharyngeal
multiplex PCR assays are not associated with IMV or mortality. A final diagnosis of viral
pneumonia is retained in one-third of patients with positive assay results and in one-half of the
patients with a flu-like virus.



Tremendous advances in cancer management,1 advances in solid organ transplantation,2 and
increased use of immunosuppressant medications3 have made immunodeficiency a common
condition in the critically ill.4-6 In immunocompromised patients, acute respiratory failure
(ARF) is the leading cause of admission to the ICU,7 requires invasive mechanical ventilation
(IMV) in more than one-half of patients, and is associated with a high fatality rate.8 The
diagnostic strategy is central, relying on a combination of invasive tests (eg, fiber-optic
bronchoscopy with BAL) and noninvasive tests of sputum, nasopharyngeal aspirates,
nasopharyngeal swabs, or blood. Despite an optimal early diagnostic investigation, the cause
of ARF remains unknown in up to 30% of the patients,9 for whom an undetermined cause has
been associated with increased need for mechanical ventilation and mortality.8,10

Earlier studies in critically ill patients with hematologic disease reported that respiratory virus
detection in nasopharyngeal swabs was associated with adverse outcomes.11,12 However,
although viral multiplex polymerase chain reaction (PCR) assays often are recommended in
patients with ARF,9 the clinical significance of virus detection in the upper respiratory tract
has been investigated scarcely. We conducted a study to assess the clinical relevance of virus
detection in nasopharyngeal swabs of critically ill immunocompromised patients admitted to
the ICU for hypoxemic ARF.

Study Design and Methods

Population

We performed a post hoc analysis of the High-Flow Nasal Oxygen vs Standard Oxygen
Therapy in Critically Il Immunocompromised Patients (HIGH) randomized clinical trial13
that enrolled 776 adult immunocompromised patients with hypoxemic ARF (defined by PaO,
< 60 mm Hg or saturation of peripheral oxygen (SpO,) < 90% on room air, or by tachypnea >
30/min or labored breathing or respiratory distress and need for oxygen $ 6 L/min), in 32
ICUs in France between May 19, 2016, and December 31, 2017. All patients had known
immunosuppression, defined as the use of long-term (> 3 months) or high-dose (> 0.5
mg/kg/d) steroids, use of other immunosuppressant drugs, solid organ transplantation, solid
tumor requiring chemotherapy in the last 5 years, hematologic malignancy regardless of time
since diagnosis, or primary immune deficiency. Patients were randomized 1:1 to continuous
high-flow oxygen therapy or to standard oxygen therapy. Mortality on day 28 and intubation
rate were not significantly different between groups.

The original study protocol was approved by the CPP lle de France IV St-Louis ethics
committee (March 3, 2016; Identifier: NIRB00003835/ 2016/08) and French health
authorities (Agence Nationale de Sécurité du Médicament et des Produits de Santé; Identifier:
EudraCT2016-A00220-51). Written informed consent was obtained from all patients or their
proxies.

Molecular Assay for Respiratory Virus Detection

Nasopharyngeal swabs were collected at inclusion in 3 mL of Universal Transport Medium
(Copan Diagnostics, Inc.) and stored at -80 °C until testing. In 2022, a multiplex molecular
assay (QIAstat-Dx Respiratory SARS-CoV-2 Panel cartridge; QIAGEN, Inc.) was performed
on a QlAstat-Dx Rise Instrument according to the manufacturer’s instructions (QIAstat-DXx
Analyzer; QIAGEN, Inc.).



This assay tests for 19 respiratory viruses (influenza viruses A, A-H1, A-H1IN1, A-H3, and B;
respiratory syncytial viruses [RSVs] A and B; human parainfluenza virus [PIV] types 1, 2, 3,
and 4; human metapneumoviruses (hMPVs) A and B; rhinovirus, enterovirus, or both;
coronaviruses 229E, HKU1, NL63, OC43, and SARS-CoV-2; adenovirus; and bocavirus) and
four bacteria (Bordetella pertussis, Chlamydophila pneumoniae, Legionella pneumophila, and
Mycoplasma pneumoniae).14 The cycle threshold (Ct) values of real-time PCR amplification
were obtained when a respiratory pathogen was detected. Samples showing positive results
for rhinovirus or enterovirus were sequenced for the VP4 and VP2 coding region, as
previously described.15 The PCR products were sequenced using an ABI 3100 DNA
Sequencer (Applied Biosystems, Life Technologies). Alignment and sequence comparison
with published sequences from the National Center for Biotechnology Information were
performed using Geneious 8.0.5 software (Biomatters) and MEGA version 7 software
(CEMI). Positive QIlAstat status was defined as the detection of at least one respiratory
pathogen by the QIAstat-Dx Respiratory Panel. Detected viruses were categorized into flu-
like viruses (influenza virus, PIV, hMPV, and RSV) and other viruses (rhinovirus or
enterovirus, coronavirus, and adenovirus).

ARF Causes

The final diagnoses for the cause of ARF were made by managing physicians using either
invasive (fiber-optic bronchoscopy and BAL) or noninvasive tests, or both, according to the
clinician’s decisions. For each patient, up to three definite diagnoses could be retained and
had to be ranked in order of importance. All etiologic diagnoses were reviewed by three
expert investigators (D. M., V. L., and E. A.) based on clinical features, imaging, and standard
biological testing including microbiological analyses, but not multiplex assays. In total, of the
510 patients with available nasal swabs, 63 cases of disagreement (12.3%) occurred and were
resolved after discussion among the three expert investigators. When consensus could not be
reached despite complete analysis of available data, patients were left with an undetermined
diagnosis. After complete chart review, the available data were considered insufficient to
establish an etiologic diagnosis for 19 patients, who were excluded from the diagnostic
analysis (ie, missing etiologic diagnosis). Diagnoses were classified into 13 categories: (1)
microbiologically documented bacterial pneumonia, (2) clinically documented bacterial
pneumonia, (3) viral pneumonia, (4) invasive pulmonary aspergillosis, (5) Pneumocystis
jirovecii pneumonia, (6) other opportunistic infections, (7) noninfectious infiltrative
pneumonitis (ARF from pulmonary infiltration by the malignancy), (8) drug-related
pneumonitis, (9) cardiogenic acute pulmonary edema, (10) pulmonary embolism, (11) extra-
respiratory sepsis, (12) other causes, and (13) undetermined diagnosis. The arguments used to
establish these diagnoses are detailed in e-Appendix 1. The results of the QlAstat PCR assay
were not available to clinicians or investigators when the diagnosis was made or reviewed. In
the case of multiple diagnoses, the one that ranked first was considered as the main cause of
ARF.

Statistical Analysis

The primary outcome was the association between respiratory viral detection by QIAstat PCR
and day 28 mortality, day 28 IMV (death or IMV within 28 days of inclusion), or both. The
secondary outcome was the association between the detection of a respiratory virus using the
QlAstat assay and the final etiologic diagnosis of ARF. We also assessed factors
independently associated with 28-day mortality and 28-day IMV in a multivariable analysis.



Categorical variables were described as numbers (percentages) and quantitative variables
were described as medians (interquartile ranges [IQRs]). Between-group comparisons were
performed using Fisher exact tests or c2 tests for categorical variables, as appropriate, and the
Wilcoxon rank-sum test for quantitative variables. ORs associated with day 28 mortality,
IMV, or the combination of day 28 mortality and IMV were computed using a logit-
regression model. Subdistribution hazard ratios (SHRs) for day 28 IMV were computed using
a Fine and Gray competitive risk model, with death as the competitive risk. In addition to the
QIlAstat assay, multivariable models included all factors associated with outcomes in the
univariate analysis as well as other clinically meaningful variables, as detailed in e-
Appendix1. Patients with a decision not to intubate were excluded from the multivariable
analysis assessing the risk of day 28 IMV. Multivariable models were subjected to variable
selection using a backward stepwise procedure, with a stopping rule based on the Akaike
criterion as detailed in e-Appendix 1. No missing data were imputed. All tests were two-sided
with a ¥ 0.05. Analyses were performed using R version 4.1.1 software (R Foundation for
Statistical Computing).

Results

Among the 776 immunocompromised patients with ARF, 510 patients underwent
nasopharyngeal swab testing by QlAstat PCR and were included in the analysis (Fig 1, e-
Tables 1, 2). Compared with patients who were not sampled, patients with available
nasopharyngeal swabs were more likely to have a Sequential Organ Failure Assessment
(SOFA) score of > 7 (16.3% vs 10.0%; P = .041) and a higher heart rate (115 beats/min [IQR,
90-135 beats/ min] vs 109 beats/min [IQR, 86-127 beats/min]; P = .028). Among the sampled
patients, neither the day 28 mortality (34.3% vs 38.7%; P=.249) nor the composite outcome
of day 28 mortality or IMV rate (54.7% vs 55.3%; P = .943) differed from those of non-
sampled patients.

The baseline characteristics of the study population are presented in Table 1. The median age
was 64 years (IQR, 57-71 years), and the median SOFA score was 4 (IQR, 1- 6). Almost half
of the patients, 224 (44.8%), were treated for hematologic malignancies, 179 patients (35.7%)
were treated for solid tumors, and 57 patients (11.4%) were solid organ transplantation
recipients. The multiplex PCR assay identified 111 pathogens in 103 patients (20.2%),
including 95 patients (18.6%) with a single pathogen and eight patients (1.6%) with two
pathogens (e-Fig 1, e-Table 3). One sample showed positive results for M pneumoniae, and
all other 102 samples showed positive results for respiratory viruses: 39 samples for
rhinovirus or enterovirus (38.2%), 22 samples for influenza virus (21.6%), 14 samples for PIV
(13.7%), 12 samples for coronavirus (11.8%), 11 samples for RSV (10.8%), 11 samples for
hMPV (10.8%), and one sample for adenovirus (1.0%).

Of the 39 samples showing positive results for rhinovirus or enterovirus, the species could be
identified for 29 samples using PCR amplification. Most were rhinovirus species A (n = 18)
or rhinovirus species C (n = 9), with rhinovirus species B being found in only two samples.
Of the 110 respiratory viruses, 55 viruses (50.0%) were detected in winter, and the rate of
assay positivity varied from 9.7% in the summer to up to 39.9% in the winter (P < .001 for
seasonal variation) (e-Fig 1, e-Table 4). Influenza virus was almost only detected in winter
(20 of 22 samples; P < .001), and both RSV and coronaviruses were predominant in autumn
and winter (P <.001 and P =.002, respectively).
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As shown in Tables 1 and 2, patients with a detected respiratory pathogen showed no
significantly different SOFA or Simplified Acute Physiology Score - 11 (SAPS-I11) scores, but
did show a lower rate of vasopressor use (3.9% vs 11.8%; P = .029). The multiplex assay
more frequently showed positive results in hematopoietic stem cell transplantation (HSCT)
recipients (34.8% vs 18.0%; P = .001) and less commonly showed positive results in patients
with solid tumors (13.4% vs 23.8%; P = .006) or those with poor performance status (14.4%
vs 23.4%; P =.017).

On admission, the median time from the onset of acute respiratory symptoms was 1 day (IQR,
0-3 days). Neither respiratory symptoms (eg, cough, chest pain, rhinitis, or myalgia) nor chest
radiography patterns differed significantly according to the multiplex PCR assay results
(Table 2). Among the 340 patients (66.7%) with available baseline CT scans, only 4.7% of
scans were interpreted as demonstrating normal findings. Almost half of the patients, 230
(45.2%), showed diffuse or localized alveolar condensation, 233 patients (45.7%) showed
ground-glass opacities, and 226 patients (44.3%) showed pleural effusion. Nodular opacities
were found in 118 patients (23.2%), interlobular septal thickening was found in 59 patients
(17.4%), and a reticular interstitial pattern was found in 19 patients (5.6%). Scannographic
patterns did not differ significantly according to virus detection, except for non-flu-like
viruses that were associated with less frequent diffuse ground-glass opacities than in other
patients (Table 2). The main microbiological procedures performed for etiologic diagnosis are
presented in e-Table 5. Viral testing of nasopharyngeal swabs and aspirates was reported by
attending physicians using local PCR assays in 179 patients (35.1%), which showed positive
results in 33 patients (18.4%), as detailed in e-Table 6.



As shown in Table 3, the most prevalent cause of ARF was bacterial pneumonia for 232
patients (47.2%), followed by disease-related infiltrates for 57 patients (11.4%), viral
pneumonia for 46 patients (9.6%; caused by a respiratory virus in 40 patients and
cytomegalovirus/herpes simplex virus pneumonia in six patients), P jirovecii pneumonia for
44 patients (9.0%), and lung involvement in extrapulmonary sepsis for 47 patients (9.6%).
Patients with a virus detected in nasopharyngeal swabs were more likely to receive a
diagnosis of viral pneumonia (33.3% vs 3.3%; P < .001) and less likely to receive a diagnosis
of infiltrative pneumonitis (4.1% vs 13.5%; P = .013). The cause considered as primarily
responsible for ARF varied widely according to the results of the multiplex assay (Fig 2, e-
Table 7). Among the patients with flu-like viruses (influenza virus, PIV, hMPV, or RSV), the
two main causes were viral pneumonia for 18 patients (33.3%) and bacterial pneumonia for
20 patients (37.1%). For patients with a non-flu-like virus (rhinovirus, coronavirus, or
adenovirus), bacterial pneumonia was the most frequent main diagnosis 27 patients (62.8%),
with only two patients (4.7%) categorized as having viral pneumonia. Finally, for patients
who showed negative results for respiratory viruses, viral pneumonia was rare—only five
patients (1.3%) showed such findings (one demonstrated cytomegalovirus and four
demonstrated respiratory viruses)—and bacterial pneumonia remained the main cause of ARF
for 209 patients (42.6%). When considering whether positive assay findings were indicative
of viral pneumonia, the number of cycles required for the fluorescent signal to cross the
positive threshold (ie, the Ct, inversely proportional to the amount of target nucleic acid in the
sample) was not correlated significantly with the main ARF cause (e-Fig 2). Similarly, we
found no association between the time from the onset of respiratory symptoms and Ct values
of the detected viruses (e-Fig 3). Among patients with a clinical or microbiological
documented bacterial pneumonia, 13 patients showed low Ct values (< 25), including six
patients with flu-like viruses (e-Table 8), raising questions about the causative agent of
pneumonia. Among the 66 patients with an undetermined cause of ARF despite
investigations, 10 patients (15.2%) showed positive multiplex PCR assay results: six showed
flu-like viruses (one showed influenza virus, one showed hMPV, one showed RSV, and three
showed PIV), three patients showed rhinovirus or enterovirus, and one patient showed
coronavirus (e-Table 7).

Compared with patients who showed negative test results, those with a respiratory virus assay
demonstrated a similar 28-day mortality rate (33.3% vs 34.5%; P Y. .827) and a similar
composite outcome of day 28 mortality or IMV rate (54.9% vs 54.7%; P ¥4 .882) (Table 4, e-
Table 9, e-Fig 4). Outcomes did not differ across patients with a flu-like virus and those with
another virus or no virus. The PCR cycle threshold was not associated significantly with the
outcomes (e-Fig 5). In a preplanned subgroup analysis according to the cause of
immunosuppression (e-Figs 6, 7), the detection of a flu-like virus was associated with a higher
day 28 mortality or IMV rate in allogeneic HSCT recipients (OR, 1.51; 95% CI, 1.03- 2.22).
Multiplex PCR Ct values of the virus detected also were significantly lower among HSCT
recipients who died at day 28 compared with those who remained alive (e-Fig 8). Among
patients with a diagnosis of bacterial pneumonia, those with a detected respiratory virus
showed a similar clinical and radiologic presentation and similar outcomes as those with
negative multiplex PCR assay findings (e-Tables 10-12).



TABLE 1 ] Characteristics at Inclusion

Qlastat Results
Charadteristic Overall Negative Positive P Value
No. of patients 510 407 103 NA
Demographic
Age, y 64.0 (56.7-71.3) 64.1(57.2-71.1) 63.7 (53.4-73.6) 663
Sex, female 167 (32.7) 124 (30.5) 43 (41.7) .039
Weight, kg* 74.0 (62.0-85.0) 74.6 (63.0-85.0) 71.0 (59.0-81.5) 072
BMI, kg/m?® 25.0 (22.2-28.1) 25.0(22.3-28.1) 24.8 (21.6-27.6) 431
Underlying conditions
Charlson comorbidity index® 5(3-7) 5 (4-7) 5(3-7) .370
Poor performance status, 3 or 4° 201 (42.3) 172 (45.1) 29 (30.9) .017
Chronic®
Respiratory (restrictive or obstructive 158 (31.5) 134(334) 24 (23.8) 081
disease)
Asthma 12 (2.4) 9(2.2) 3(3.0) 950
COPD 49 (9.8) 44(11.0) 5(5.0) .102
Emphysema 16 (3.2) 15(3.7) 1(1.0) 276
Diffuse interstitial pneumonitis 19 (3.8) 15(3.7) 4(4.0) 1.000
Restrictive respiratory disease 10 (2.0) 7(1.7) 3(3.0) 697
Heart failure 29 (5.8) 23(5.8) 6(59) 1.000
Liver disease 66 (13.1) 57(14.2) 9(8.9) 213
Kidney disease 102 (20.3) 76 (19.0) 26 (25.7) .168
Cancer 397 (77.8) 322(79.1) 75 (72.8) 214
Hematologic malignancies’ 224 (44.8) 172 (43.2) 52 (51.0) .195
Solid tumors® 179 (35.7) 155(38.8) 24 (23.5) 006
Time since last chemotherapy, < 1 mo 177 (46.5) 144 (48.8) 33(38.4) 113
Immunosuppressive drugs’ 186 (37.2) 143 (35.8) 43 (42.6) .256
After solid organ transplantation 57 (11.4) 41(10.3) 16 (15.7) 73
Non-transplant-related reasons 135 (27.0) 106 (26.6) 29 (28.7) 758
Time silnce diagnosis of underlying condition, 6.7 (1.0-34.5) 5.9 (0.9-29.6) 13.9(2.4-40.2) 013
mo’
Ster; 7cAeII transplantation”
Autclogous 31 (6.1) 18(4.5) 13 (12.6) .004
Allogeneic 37 (7.3) 26 (6.5) 11 (10.7) .208
Clinical severity at inclusion
Time between inclusion and ICU admission, d 0 (0-1) 0(0-1) 0(0-1) 550
Simplified Acute Physiclogy Score II score’ 37 (27-48) 37 (27-47) 38 (28-50) 362
SOFA score® 4 (1-6) 4(1-6) 4(1-6) .788
> 7" 71 (16.3) 60(17.3) 11(12.4) .335
Hemodynamic status
Vasopressors 52 (10.2) 48 (11.8) 4(39) 029
Systolic BP' 104.0 (86.0-138.0)| 104.0 (86.0-138.0)| 102.0(81.5-138.0) 574
Heart rate’ 115.0 (S0.0-134.5)] 115.0 (91.0-134.2)| 112.0 (86.0-134.5) 523
Respiratory status
Respiratory rate, /min™ 32.0 (28.0-38.0) 32.0(27.0-38.0) 33.0 (28.0-38.0) 488
Oxygen flow, L/min" 10.0 (6.0-15.0) 10.0 (6.0-15.0) 10.0 (6.0-15.0) 530
Pao; to Fiox ratic® 118.0 (84.0-166.8)] 117.0 (82.0-166.0)| 125.0 (92.5-175.5) .215
Neurologic status
Glasgow score” 15 (15-15) 15 (15-15) 15 (15-15) 793
Lactate, mM? 1.7 (1.0-2.8) 1.8 (1.1-2.9) 1.6 (1.0-2.8) .565

Data are presented as No. (%6} or madian {imtemuartile range), uniess atherwisz indicated. NA = not applicable; SOFA = Sequential Organ Failure

Assessment.

“*Data missing for 17 patients.
BData missing for 28 patients.
“Data missing for 11 patients.
“Data missing for 35 patients.
“Data missing for 9 patients.
‘Data missing for 10 patients.
9Data missing for 8 patients.
PData missing for 4 patients.
‘Data missing for 142 patients.
‘Data missing for 26 patients.
*Data missing for 74 patients.
'Data missing for 19 patients.
"Data missing for 37 patients.
"Data missing for 29 patients.
“Data missing for 52 patients.
PData missing for 15 patients.
“Data missing for 83 patients.



TABLE2 | Clinical and Radiologic Presentation

Variable Overall No Virus Detected Flulike Viruses Other Viruses P Vake
No. of patients 510 408 56 46 NA
Clinical presentation
Temperature® 38.0 (37.0-38.9) | 38.0(37.0-39.0) | 38.2(37.4-38.8) 37.8 (37.0-38.3) .381
Cough® .057
None 270 (54.3) 225 (56.7) 21 (37.5) 24 (54.5)
Dry 116 (23.3) 92 (23.2) 16 (28.6) 8 (18.2)
Productive 11 (22.3) 80 (20.2) 19(33.9) 12 (27.3)
Purulent sputum® 70 (14.1) 51(12.8) 10 (17.9) 9 (20.5) .268
Rhinorrhea® 6(1.2) 3(0.8) 3(54) 0 (0.0) .010
Chest pain® 28 (5.6) 22 (5.5) 3(5.4) 3 (6.8) .934
Lung auscultation
Localized crackles 166 (32.5) 126 (30.9) 20(35.7) 20 (43.5) .195
Squeaks 10 (2.0) 6(1.5) 1(1.8) 3 (6.5) .064
Myalgia® 12 (2.4) 8(2.0) 2(3.6) 2 (4.5) .488
Abdominal pain® 48 (9.7) 40(10.2) 7(12.5) 1(2.3) .186
Diarrhea® 47 (9.5) 37(9.4) 7(12.5) 3 (6.8) 621
Time from the onset of 1.0 (0.0-3.0) 1.0(0.0-3.0) 1.0 (0.0-4.0) 1.0 (0.0-4.2) .452
respiratory
symptoms, d’
Blood tests
Leucocytes count, G/L' 9.3 (3.2-16.1) 10.2 (3.6-16.7) 3.2(1.0-9.6) 11.9 (6.2-154) < .001
Platelets count, /mm™ | 130.5 (49.0-239.0)] 132.0(49.0-240.8)| 99.5(37.8-186.5) | 162.0 (63.0-236.5)| .195
Total bilirubin, pmol/L" 12.0 (7.0-22.9) 12.0(7.4-22.9) 11.0 (6.9-27.5) 9.0 (6.8-18.5) .455
Chest radiography
pattern’
Normal 25 (5.4) 19 (5.1) 2(38) 4(9.3) .451
Unilateral alveolar 57 (12.2) 42 (11.3) 7(13.5) 8 (18.6) .370
condensations
Bilateral alveolar 141 (30.3) 118 (31.8) 12(23.1) 11 (25.6) 343
condensations
Interstitial opacities 202 (43.3) 161 (43.4) 24 (46.2) 17 (39.5) .810
Nodular opacities 10 (2.1) 8(2.2) 1(1.9) 1(2.3) 590
Pleural effusion 68 (14.6) 51(13.7) 6(11.5) 11 (25.6) .092
Excavated opacities 4 (0.8) 4(1.0) 0(0.0) 0 (0.0) .603
CT scan findings'
Normal 16 (4.7) 12(44) 2(5.6) 2 (6.1) .887
Ground-glass opacities
Localized 70 (20.6) 53(19.6) 8(22.2) 9(27.3) 566
Diffuse 86 (25.3) 76 (28.0) 8(22.2) 2 (6.1) 021
Nodular opacities
Centrilobular 25(7.4) 18 (6.6) 5(13.9) 2 (6.1) 281
Peribronchovascular 15 (4.4) 11(4.1) 2(5.6) 2 (6.1) 817
Subpleural 18 (5.3) 16 (5.9) 1(2.8) 1(3.0) .609
Other patterns 31(9.1) 24 (8.9) 4(11.1) 3(9.1) 907
Alveolar condensations
Localized 105 (30.9) 79(29.2) 14 (38.9) 12 (36.4) .382




TABLE 2 | (Continued)

Variabke Overal No Virus Detected Fludive Viruses Other Viruses P Valos
Diffuse 49 (14.4) 38 (14.0) 5(13.9) 6(18.2) B10
Interlobular septal 59 (17.4) 46 (17.0) 5(13.9) 8(24.2) 492
thickening
Halo sign 2 (0.6) 2(0.7) 0(0.0) 0 (0.0) 774
Excavated opacities 7 (2.1) 7 (2.6) 0 (0.0) 0(0.0) 403
Pleural effusion 151 (44.49) 124 (45.8) 11 (30.6) 16 (48.5) .200
Air bronchogram 42 (12.4) 29 (10.7) 6(16.7) 7(21.2) .158
Reticular interstitial 19 (5.6) 17 (6.3) 2(5.6) 0(0.0) 334
pattern
Bronchia wall 41 (12.1) 32 (11.8) 4(11.1) 5(15.2) 842
thickening
Vascular enlargement 11 (3.2) 11 (4.1) 0 (0.0) 0(0.0) 235
Thoracic tumoral mass 6 (1.8) S (1.8) 0(0.0) 1(3.0) 618
Mediastinal lymph 49 (14.4) 36 (13.3) 9(25.0) 4(12.1) 158
node enlargement

By multivariable analysis (Fig 3, e-Tables 13-16), factors associated with day 28 mortality
were a low PaO2 to FIO2 ratio (OR, 0.69 for an increase of 100; 95% CI, 0.49-0.97), high
non-respiratory SOFA score (OR, 1.10 per 1-point increase; 95% CI, 1.02-1.18), poor health
status (assessed by a performance status of $ 3; OR, 1.98; 95% CI, 1.22- 3.20), and an
undetermined ARF cause (OR, 2.49; 95% ClI, 1.22-5.08). Factors associated with day 28 IMV
using death as a competitive risk were the non-respiratory SOFA score (sHR, 1.09 per 1-point
increase; 95% CI, 1.04-1.14), high heart rate (SHR, 1.09 per 10-beats/min increase; 95% ClI,
1.03-1.14), oxygen flow of > 10 L/min (sHR, 1.47; 95% CI, 1.08-1.99), and a final diagnosis
of P jirovecii pneumonia (SHR, 2.02; 95% CI, 1.31-3.11).

Discussion

In this multicenter prospective cohort study including 510 critically ill immunocompromised
patients with ARF, we found that the results of nasopharyngeal multiplex PCR assays were
not associated with the need for IMV or mortality, but with the causes of ARF. Because of the
possibility of asymptomatic carriage or benign upper respiratory tract infections,16-21 the
detection of a virus in nasopharyngeal swabs is not sufficient to establish its involvement in
ARF.12,17 Beyond direct pathogenicity, a respiratory virus also can promote bacterial
infections22 and can worsen their outcomes.23-25 In addition, they have been shown to favor
subsequent invasive aspergillosis in critically ill patients.26-31 In our study, which included
patients admitted to the ICU with ARF, those with evidence of upper respiratory tract virus
showed a clinical and radiologic presentation similar to the presentations of those with
negative results. As opposed to a previous study conducted in 2010 and 2011 in critically ill



patients with hematologic disease,12 the post hoc detection of respiratory viruses in
nasopharyngeal swabs was not associated with outcomes. However, our study was not limited
to hematologic malignancies, but included patients with different types of immune
dysfunction, all of whom had ARF. Notably, a higher proportion of flu-like viruses was found
in the present study (52.7%) than previously reported in patients with hematologic disease
who were admitted to the ICU for ARF or other causes (33.2%; P % .040). We also found that
flu-like viruses were associated with higher day 28 mortality or IMV in recipients of
allogeneic HSCT. In addition, viral loads, as estimated by PCR Ct values, were higher in
autologous and recipients of allogeneic HSCT who died than in those who did not die. Taken
together, these results suggest that systematic rapid screening in recipients of allogeneic
HSCT can be used as a surrogate for imminent deterioration and prompt initiation of antiviral
treatment. In other patients, outcomes equally were poor with and without detection of
respiratory viruses (Table 4, e-Table 12), highlighting the potential morbidity of respiratory
viruses in immunocompromised patients associated with similar outcomes to bacterial
pneumonia and other causes of ARF.

TABLE 3 | Causes of Hypoxemic Acute Respiratory Failure

Variable Owveral Virus Detec Flu-lie Viruses Other Virusss P Valoe
No. of patients® 491 394 54 43 NA
Infectious

Bacterial pneumonia

Microbidlogically documented 140 (28.5) 109 (27.7) 14 (25.9) 17 (39.5) 237
Clinically documented 92 (18.7) 71 (18.0) 10 (18.5) 11 (25.6) 483

Viral pneumonia 46 (9.4) 13 (3.3) 27 (50.0) 6 (14.0) .001
Opportunistic infections

P jiroveci pneumonia 44 (9.0) 38 (9.6) 2(3.7) 4(9.3) 357

Invasive aspergillosis 17 (3.5) 13 (3.3) 4 (7.4) 0(0.0) 130

Other opportunistic infection® 5(1.0) 4 (1.0) 0 (0.0) 1(2.3) 526
Neninfectious lung involvement

Specific infiltrative pneumonitis 57(11.6) 53 (13.5) 0 (0.0) 4(9.3) 013

Drug-related pneumonitis 8(1.6) 8 (2.0) 0 (0.0) 0(0.0) 367

Cardiogenic pulmonary edema 26(5.3) 22 (5.6) 3 (5.6) 1(2.3) 661

Pulmonary embolism 12(2.4) 12 (3.0) 0 (0.0) 0(0.0) 220

Other causes 12(2.4) 10 (2.5) 2(3.7) 0(0.0) 484
Extrarespiratory sepsis 47 (9.6) 43 (10.9) 4 (7.4) 0(0.0) .059
Undetermined 66(13.4) 56 (14.2) 6 (11.1) 4(9.3) 581
= 1 cause 75(15.3) 53 (13.5) 17 (31.5) 5(11.6) 002

Detection of a respiratory virus was associated with viral and bacterial causes of ARF. Among
the 66 patients with an undetermined diagnosis in our study, a respiratory virus was detected
by multiplex PCR assay in 15%, and most of these were flu-like viruses. In addition, high
loads of flu-like respiratory viruses were detected in 5% of patients with clinically or
microbiologically documented pneumonia. These results suggest that a multiplex PCR assay
of nasopharyngeal swabs could contribute to reducing the proportion of undetermined
etiologic diagnoses, which remains associated with poorer prognosis. We can speculate that it
also may prevent the use of bronchoscopy, which has been associated with worse
outcomes.32 Beyond detection, the critical question remains: is the detected virus a pathogen
or just a so-called witness (not involved in the ARF)? A possible approach to explore this



question could be to combine transcriptomic host responses in respiratory samples with PCR
assay results.
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Figure 2 - Graphs showing causes primarily responsible for hypoxemic ARF. Among the 510 patients who had an awadable nasal swab tested with the
QlAstat-Dx respimtory panel a flu-like virus (influenza, parainfluenza, respiratory syneytial virws, or human metapneumovirus) was detected in 56
patients, and other viruses were detected in 46 patients. A, Pie graph showing causes considered to be primarily responsible for hypoxemic ARF among
all included patients. B, Bar graph showing aauses considered primarily responsible for hypoxemic ARF according to the results of the QIAstat assay.
APE = acute pulmonary edema; ARF = acute respiratory failure; IPA = invasive pulmonary aspergillosis.

Transcriptomic analysis could reveal pathogen-induced gene expression changes, as well as
dynamic immune evasion specific to respiratory virus infections.33 We can hypothesize that
the host response to a pathogenic virus would be different from the response to a “witness”
virus. This type of approach has been used successfully in a proof-of-concept study of lower
respiratory tract infections in critically ill immunocompetent adults34 and is worth exploring
in immunocompromised patients.

This study has several limitations. First, although managing clinicians were asked to provide a
nasopharyngeal swab for each patient enrolled, 264 patients (34.0%) were not sampled and
were not included in this analysis. We cannot exclude selection bias in the analysis, although
outcomes and clinical presentation were similar. Second, diagnostic strategies were not
standardized across centers. Because of likely heterogeneous practices in centers regarding
viral assays and testing, some cases of viral pneumonia may have been misclassified as
bacterial pneumonia. In particular, the high viral load in some patients with a diagnosis of
bacterial pneumonia (e-Fig 2, e-Table 8) could indicate either coinfection or misclassification.
Furthermore, of the 231 patients with a diagnosis of bacterial pneumonia, 82 patients (35.5%)
had no available documentation. In addition, we were not able to assess the correlation
between viruses detected in BAL fluid and nasopharyngeal swabs. Also, therapeutic
management of patients was not standardized across centers, and that could have biased the
analysis of outcomes. We did not have precise information about patients’ previous
vaccinations, nor about the type of immunosuppressive chemotherapy they had received.
Finally, the observational design precludes conclusions regarding causal associations.



TABLE 4 | Intervention and Outcomes

Variable Overall No Virus Detected Flu-like Viruses Other Virusss P Valee
No. of patients 510 408 56 46 NA
Interventions (until day 28)
Chemotherapy 75 (14.7) 65 (15.9) 2 (3.6) 8(17.4) .043
Anti-infectious therapies
Antibacterial therapy® 447 (96.1) 356 (96.2) 49 (94.2) 42 (97.7) 675
Delay from admission to 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 522
Icu, d°
Initiate before ICU 44 (9.8) 36 (10.1) 5 (10.2) 3(7.1)
Initiated within 24 h of 306 (68.5) 237 (66.6) 35 (71.49) 34 (81.0)
admission
Initiated = 24 h after 97 (21.7) 83 (23.3) 9 (18.4) 5(11.9)
admission
Antiviral therapy 152 (29.8) 104 (25.5) 31 (55.4) 17 (37.0) .001
Oseltamivir 35 (7.5) 15 (4.1) 15 (28.8) 5(11.6) < .001
Delay from admission 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 407
to ICU, d°
Initiate before ICU® 1(2.9) 0 (0.0) 1(6.7) 0(0.0)
Initiated within 24 h of 30 (85.7) 12 (80.0) 13 (86.7) 5 (100.0)
admission®
Initiated > 24 h after 4 (11.4) 3 (20.0) 1(6.7) 0 (0.0)
admission®
Antifungal therapy 169 (33.1) 140 (34.3) 18 (32.1) 11(23.9) 359
Antipneumocystis 118 (25.4) 97 (26.2) 8 (15.4) 13(30.2) .181
therapy
Delay from admission 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (<0.8to 1.0)| 0.0 (0.0-0.0) 673
to ICU, d
Initiate before ICU 16 (12.5) 12 (11.4) 2 (20.0) 2(15.4)
Initiated within 24 h of 83 (64.8) 69 (65.7) 5 (50.0) 9(69.2)
admission
Initiated > 24 h after 29 (22.7) 24 (22.9) 3 (30.0) 2(154)
admission
Other therapies
Corticosteroid boluses® 161 (33.0) 132 (33.8) 16 (29.6) 13 (30.2) 768
Diuretics 225 (44.1) 172 (42.2) 31 (55.4) 22(47.8) 152
G-CSF 37 (7.3) 30 (7.4) 4 (7.1) 3(6.5) 978
Vasoactive drugs® 239 (48.9) 193 (49.6) 27 (49.1) 19(42.2) 643
Life-supporting interventions
(until day 28)
Randomization group: HFNO 251 (49.2) 203 (49.8) 28 (50.0) 20(43.5) 716
vs standard oxygen
therapy
IMV 207 (40.7) 167 (41.1) 25 (44.6) 15(32.6) 441
Noninvasive ventilation® 69 (13.8) 53 (13.1) 9 (16.1) 7 (15.2) 785
Renal replacement therapy® 82 (16.9) 69 (17.9) 8 (14.5) 5(11.1) 460
Prone positioning” 43 (8.8) 31 (7.9) 8 (14.8) 4 (8.9) .245
Extracorporeal membrane 4 (0.8) 2 (0.5) 1(1.9) 1(2.2) 323
oxygenation”
Outcomes
Death at day 28 176 (34.5) 141 (34.6) 20 (35.7) 15(32.6) 847
Death or mechanical 279 (54.7) 223 (54.7) 33 (58.9) 23 (50.0) 665
ventilation at day 28
ICU mortality 149 (29.2) 123 (30.1) 14 (25.0) 12 (26.1) .647
Hospital mortality 200(39.4) 161 (39.6) 20(35.7) 19 (42.2)

Data are presented as No. (%) or median (interquartile range), unless otherwise indicated. IMV = invasive mechanical ventilation, G-CSF = granulcyte
colony stimulating Bctor; HINO = high-flow nasal oxygen; NA = not applicable.

*Data missing for 45 patients.
PData missing for & patients.
For esetamiir,

“Data missing for 2 patients
“Data missing for 21 patients.
*Data missing for 3 patients,
“Data missing for 24 patients
"Data missing for 20 patients.
"Data missing for 2 patients.
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Figure 3 - A, B, Graphs showing mult ivariable analysis for factors inde pendently associated with 28~day mortality (A) and IMV (B). IMV = nvasive
mechanical ventilation: sHR = subdistribution hazard ratio; SOFA = Sequential Organ Failure Assessment.
Interpretation

A respiratory virus was detected in the upper respiratory airways in one of five critically ill
immunocompromised patients with hypoxemic ARF. The detection of respiratory viruses was
associated poorly with clinical and radiologic presentations and was not predictive of day 28
mortality or IMV, except in HSCT recipients. Virus detection by multiplex PCR assay is
associated with ARF causes, which could help to reduce the proportion of ARF diagnoses
misclassified or of undetermined origin.
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