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Abstract 1 

Background: Transmission of SARS-CoV-2 from donor to recipient is a clinically relevant risk 2 

for developing severe COVID-19 after lung transplantation (LTx). This risk of iatrogenic 3 

transmission can be reduced by timely detection of viral RNA or antigen in samples of 4 

bronchoalveolar lavage (BAL) fluid obtained at the time of lung procurement. We aimed to 5 

retrospectively evaluate the detection of SARS-CoV-2 RNA or antigen in BAL fluid samples 6 

using three point-of-care tests (POCTs). 7 

Methods: BAL fluid samples came from patients hospitalized in an intensive care unit during 8 

the SARS-CoV-2 pandemic. These pandemic samples were scored as positive or negative for 9 

SARS-CoV-2 by a comparator RT-qPCR assay for orf1ab. Three commercially available 10 

POCTs were then evaluated: cobas SARS-CoV-2 & Influenza A/B assay with the cobas Liat 11 

RT-qPCR system (Roche Diagnostics), ID NOW COVID-19 and COVID-19 2.0 (Abbott), and 12 

SARS-CoV-2 Rapid Antigen Test (RAT) (Roche Diagnostics). Samples from the pre-13 

pandemic era served as negative controls. 14 

Results: We analyzed a total of 98 BAL fluid samples, each from a different patient: 58 positive 15 

pandemic samples (orf1ab Ct<38), 20 putatively negative pandemic samples (orf1ab Ct≥38), 16 

and 20 pre-pandemic samples. Univariate logistic regression shows that the probability of 17 

detection was highest for cobas Liat, followed by ID NOW, and then RAT. Of clinical 18 

relevance, cobas Liat detected SARS-CoV-2 RNA in 30 of the 31 positive pandemic samples 19 

that were collected within ten days after RT-qPCR diagnosis of SARS-CoV-2 infection. None 20 

of the 20 pre-pandemic samples had a false-positive result for any POCT. 21 

Conclusions: POCTs enable the detection of SARS-CoV-2 RNA or antigen in BAL fluid 22 

samples and may provide additional information to decide if donor lungs are suitable for 23 

transplantation. Detection of respiratory pathogens with POCTs at the time of donor lung 24 

procurement is a potential strategy to increase safety in LTx by preventing iatrogenic 25 

transmission and severe postoperative infections.  26 
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1. Introduction 37 

As SARS-CoV-2 primarily resides in the respiratory tract, lung transplant recipients have been 38 

a highly vulnerable patient group during the COVID-19 pandemic (Van Lerberghe et al., 2023). 39 

A challenging scenario is donor-derived transmission of SARS-CoV-2 despite a negative 40 

reverse transcription quantitative PCR (RT-qPCR) result on upper respiratory tract (URT) 41 

samples (Mahmood et al., 2021). There are several reports of SARS-CoV-2 transmission 42 

during lung transplantation (LTx) that led to COVID-19 in the recipient (Van Slambrouck et 43 

al., 2022; Querrey et al., 2021; Ushiro-Lumb et al., 2021). LTx recipients require profound 44 

immunosuppression, which increases the chance of a severe course of disease in COVID-19 45 

including a fatal outcome. Missed detection of SARS-CoV-2 in deceased donors has resulted 46 

in severe and fatal COVID-19 after LTx (Kaul et al.,2021; Kumar et al., 2021). A potential 47 

strategy to intercept viral presence in donor lungs is the use of portable point-of-care tests 48 

(POCTs) that enable rapid detection of SARS-CoV-2 RNA or antigen in bronchoalveolar 49 

lavage (BAL) fluid samples obtained at the moment of procurement (Van Slambrouck et al., 50 

2022). However, data on the value of POCTs for this purpose are scarce (De Pace et al., 2021; 51 

Dinnes et al., 2022; Schildgen et al., 2021; Wolters et al., 2020). The aim was to determine the 52 

value of three commercially available POCTs for the detection of SARS-CoV-2 RNA or 53 

antigen in BAL fluid samples: cobas Liat, ID NOW and Rapid Antigen Test (RAT).  54 

  55 
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2. Methods  56 

2.1  Study design, sample selection, patients and ethics 57 

We performed a retrospective analysis with 98 residual BAL fluid samples stored at the 58 

Department of Laboratory Medicine (University Hospitals Leuven). Each sample was from a 59 

different patient treated in an intensive care unit (ICU). There were two sets of samples: 78 60 

pandemic samples and 20 pre-pandemic samples. The pandemic samples were obtained 61 

between April 2020 and December 2021. Patients were eligible if they had a known SARS-62 

CoV-2 infection, if the date of RT-qPCR diagnosis was available, and if the volume of the 63 

sample was sufficient to perform each POCT. The pre-pandemic samples were obtained in 64 

2018, well before the emergence of the pandemic. Digital health records were retrospectively 65 

analyzed to collect data on demographics, comorbidities and COVID-19 course. This study 66 

was approved by the Ethics Committee UZ/KU Leuven (S66301).  67 

2.2 SARS-CoV-2 orf1ab RT-qPCR comparator assay 68 

The RT-qPCR comparator assay for SARS-CoV-2 open reading frame 1 a and b (orf1ab) RNA 69 

is part of a lab-developed PCR panel for the detection of 29 respiratory pathogens in BAL fluid 70 

samples. All 78 pandemic samples underwent analysis with this panel. RNA was extracted 71 

from 500 µl BAL fluid and tested with the panel as described (Raymenants et al., 2023). The 72 

detection of orf1ab RNA was used as comparator assay to evaluate the detection of SARS-73 

CoV-2 in BAL fluid samples by the three POCTs. According to the cycle threshold (Ct) value, 74 

samples were classified as positive (Ct<38) or putatively negative (Ct≥38). Correlation of Ct 75 

values with viral copy numbers per volume was ≥7.0 log copies/ml or very high for Ct≤19.2; 76 

followed by ≥5.0-<7.0 log copies/ml or high for 19.2<Ct≤25.9; next, ≥3.0-<5.0 log copies/ml 77 

or intermediate for 25.9<Ct≤32.6; and finally, ≥1.0-<3.0 log copies/ml or low for 32.6<Ct<38 78 

(Cuypers et al. 2022). 79 

 80 
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2.3 Point-of-care tests 81 

The three commercially available POCTs were cobas SARS-CoV-2 & Influenza A/B assay on 82 

the cobas Liat system (Roche Diagnostics), ID NOW COVID-19 Test Kit for pandemic 83 

samples and COVID-19 2.0 Test Kit for pre-pandemic samples on the ID NOW system 84 

(Abbott), and a SARS-CoV-2 Rapid Antigen Test (RAT) (Roche Diagnostics). 85 

BAL fluid samples stored at -20°C were thawed at 4°C. All analyses were carried out by the 86 

same researcher, who was blinded for the results of the comparator orf1ab RT-qPCR assay. 87 

The cobas Liat platform entails a nucleic acid amplification test (NAAT) based on RT-qPCR 88 

detecting orf1ab and nucleocapsid (N) RNA in a compact and portable RT-qPCR instrument. 89 

A 1:6 dilution was prepared with 200 µl BAL fluid and 1000 µl universal transport medium 90 

(UTM; Copan, Cat#331C). Next, 200 µl of the mixture was transferred into the test cassette. 91 

The interface of cobas Liat reports either ‘detected’, ‘not detected’, or ‘invalid’.  92 

The ID NOW platform entails an isothermal NAAT detecting RNA-dependent RNA polymerase 93 

(RdRp) RNA in a compact and portable instrument. Before the heating step, 500 µl of BAL 94 

fluid was added to 2500 µl of buffer in the test kit to reach a 1:6 dilution. The ID NOW interface 95 

reports either ‘positive’, ‘negative’, or ‘invalid’. 96 

RAT is a laminar flow test detecting nucleocapsid protein. A 1:2 dilution was prepared by 97 

adding 300 µl of BAL fluid to the 300 µl of buffer provided in the RAT kit. Four drops were 98 

added to the cassette. After 30 minutes, the appearance of a red band was scored as ‘positive’ 99 

if both the control and test band were visible, ‘negative’ if only the control band was visible, 100 

and ‘invalid’ if neither band was visible. 101 

In case of an invalid result for one or multiple POCTs, the analysis was not repeated due to 102 

limited sample volumes. 103 

 104 

 105 
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2.4 Statistics  106 

Dichotomous variables were summarized as numbers and percentage. Continuous variables 107 

were summarized as median and interquartile range (IQR). GraphPad Prism 9.5.0 was used for 108 

statistical analysis and graphs. For the pandemic samples, univariate logistic regression was 109 

performed with the orf1ab Ct value as independent variable and detection of SARS-CoV-2 110 

with each POCT as dependent variable. Output was odds ratio (OR) with 95% confidence 111 

interval (CI) and p-value, considered significant when below 0.05. 112 

  113 
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3 Results 114 

3.1 Bronchoalveolar lavage fluid samples 115 

Pandemic samples with orf1ab RT-qPCR Ct<38 are referred to as the positive pandemic 116 

samples (n=58). The viral RNA load was very high (Ct≤19.2) in 4 of these 58 samples, high 117 

(19.2<Ct<25.9) in 21 samples, moderate (25.9<Ct<32.6) in 20 samples, and low (32.6<Ct<38) 118 

in 13 samples. Pandemic samples with orf1ab RT-qPCR Ct≥38 are referred to as the putatively 119 

negative pandemic samples (n=20). To assess POCT specificity, a set of 20 samples obtained 120 

in 2018 were selected and are referred to as the pre-pandemic samples. 121 

Patient characteristics are summarized in Table S1 and Table S2.  122 

3.2 Detection of SARS-CoV-2 RNA or antigen with three point-of-care tests 123 

The POCTs were carried out once on all 78 pandemic samples.  124 

Fig. 1 shows the results of SARS-CoV-2 detection for each POCT with regard to the orf1ab 125 

RT-qPCR comparator assay. Ct values for orf1ab RT-qPCR are evenly distributed within a 126 

range of 16.8 to 38. Results were categorized as ‘detected’, ‘not detected’, or ‘invalid’. Sample 127 

characteristics and results per assay are summarized in Table S3.  128 

Cobas Liat detected SARS-CoV-2 in 61 of the 78 pandemic samples (78%). In 2 of the 58 129 

positive pandemic samples, with orf1ab Ct values of 34.9 and 35.0, cobas Liat did not detect 130 

RNA. Cobas Liat was invalid in one positive pandemic sample with orf1ab Ct value of 37.5. 131 

Conversely, in 6 of the 20 putatively negative pandemic samples (30%), cobas Liat did detect 132 

viral RNA, with Ct values ranging from 29.0 to 35.8 (Table S3). Orthogonal analysis with the 133 

RT-qPCR assay Xpert Xpress plus confirmed the presence of SARS-CoV-2 RNA in 4 out of 5 134 

putatively negative pandemic samples (80%) (Table S4). Cobas Liat was invalid for 5 of the 135 

20 putatively negative pandemic samples (25%).  136 

ID NOW detected SARS-CoV-2 in 37 of the 78 pandemic samples (47%). In seven positive 137 

samples (orf1ab Ct values ranging from 25.2 to 37.5), viral RNA was not detected. The analysis 138 
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was invalid for 3 negative samples and 15 positive samples (orf1ab Ct values ranging from 139 

18.7 to 33.8). In one negative pandemic sample, ID NOW did detect viral RNA; viral RNA 140 

was also detected by cobas Liat Ct value of 29.0. 141 

The RAT detected SARS-CoV-2 antigen in 33 of the 58 positive pandemic samples (57%) but 142 

not in the remaining 25 positive pandemic samples (orf1ab Ct values ranging from 24.2 to 143 

37.5). No analyses of pandemic samples with the RAT were invalid (Table S3).  144 

Fig. 2 shows the POCT results for the 20 pre-pandemic samples. Cobas Liat did not indicate 145 

SARS-CoV-2 detection and no analyses were invalid. ID NOW indicated no detection of viral 146 

RNA in 15 of the pre-pandemic samples and was invalid in five samples. RAT did not detect 147 

SARS-CoV-2 in 19 of the pre-pandemic samples and was invalid in one sample (Table S5). 148 

  149 
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Figure 1: Detection of SARS-CoV-2 RNA or antigen in the 78 pandemic samples 150 

with the point-of-care tests in comparison to the orf1ab Ct value of the comparator 151 

assay 152 

Each triangle or square represents a BAL fluid sample obtained during the COVID-19 pandemic.  153 

RAT, rapid antigen test.  154 

 155 

 156 

 157 

 158 

 159 

 160 

 161 
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 165 

 166 

 167 

 168 
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Figure 2: Detection of SARS-CoV-2 RNA or antigen in 20 pre-pandemic samples 169 

with the point-of-care tests  170 

Each dot represents a BAL fluid sample obtained before the COVID-19 pandemic.  171 

 172 

3.3 Univariate logistic regression for comparison of the point-of-care tests 173 

To determine and visualize the performance of the POCTs, we carried out a univariate logistic 174 

regression with the orf1ab RT-qPCR as comparator assay. The analysis shows that each POCT 175 

can detect SARS-CoV-2 RNA or antigen in BAL fluid samples (Fig. 3).  176 

The orf1ab Ct value with 50% probability of detection is 37.43 for cobas Liat, 34.23 for ID 177 

NOW and 28.97 for the RAT. The OR to detect SARS-CoV-2 in BAL samples is 0.5181 (95% 178 

confidence interval (CI)= 0.2802-0.7333, P<0.0001) for cobas Liat, 0.5725 (95% CI=0.4099-179 

0.7230, P<0.0001) for ID NOW and 0.6178 (95% CI=0.4750-0.7362, P<0.0001) for the RAT. 180 

 181 

 182 

 183 

 184 

 185 

 186 
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Figure 3: Univariate logistic regression for SARS-CoV-2 RNA or antigen detection 187 

with POCTs 188 

Each POCT is represented by a curve in the graph showing the relationship between the viral load in 189 

the pandemic samples represented by the orf1ab Ct value (x-axis) and the probability of SARS-CoV-2 190 

detection (y-axis). The dashed lines represent the 95% confidence interval.  191 

 192 

  193 
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3.4 Detection of SARS-CoV-2 RNA or antigen within the course of SARS-CoV-2 194 

infection 195 

We chose to use the period in days between the time of RT-qPCR diagnosis and the time of 196 

BAL fluid sampling – the diagnosis-to-BAL interval (DBI) – as a reliable proxy for the disease 197 

duration of COVID-19. Fig. 4 shows the relationship between DBI and the result of the 198 

reference orf1ab RT-qPCR and three POCTs. Infectious virus is most likely to be detected in 199 

the first 10 days of the disease course and we therefore chose a DBI of ≤10 days as a clinically 200 

relevant cut-off point (Bullard et al., 2020; Killingley et al. 2022; Puhach et al., 2023). With 201 

cobas Liat, SARS-CoV-2 was detected in 30 of 31 positive pandemic samples with a DBI ≤10 202 

days (97%). For one negative sample with a DBI of 10 days, cobas Liat disagreed with the 203 

reference orf1ab RT-qPCR and did detect SARS-CoV-2. Viral RNA was detected in BAL as 204 

long as 34 days after diagnosis. 205 

ID NOW detected SARS-CoV-2 in 21 of 31 positive samples with a DBI ≤10 days (68%). The 206 

analysis was invalid in 9 of 31 positive samples with a DBI ≤10 days (29%). Viral RNA was 207 

detected in BAL as long as 34 days after diagnosis. 208 

RAT detected SARS-CoV-2 in 20 of 31 positive samples with a DBI ≤10 days (65%). For 209 

positive samples with DBI≤10 days and a high or very high viral load (orf1ab Ct≤25.9) RAT 210 

detected virus in 14 of 16 samples. For samples with a DBI ≤10 days and an intermediate or 211 

low viral load (25.9<orf1ab Ct <38), RAT detected antigen in 6 of 15 samples (40%). Viral 212 

protein was detected in BAL as long as 21 days after diagnosis. 213 

  214 
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Figure 4: SARS-CoV-2 detection within the course of SARS-CoV-2 infection 215 

 216 
Each panel represents the detection of SARS-CoV-2 RNA or antigen with orf1ab RT-qPCR (A), cobas 217 

Liat (B), ID NOW (C), and RAT (D) as a function of the number of days between the time of RT-qPCR 218 

diagnosis of the SARS-CoV-2 infection and the time of BAL fluid sampling.  219 

  220 
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4 Discussion  221 

To evaluate the value of POCTs for detection of SARS-CoV-2 RNA or antigen in BAL fluid, 222 

we subjected 78 pandemic samples and 20 pre-pandemic samples of unique ICU patients to 223 

analysis with cobas Liat, ID NOW, and a RAT. 224 

Univariate logistic regression confirmed that each POCT can detect SARS-CoV-2 in BAL 225 

fluid. Cobas Liat provided the highest probability to detect SARS-CoV-2, with few invalids. 226 

Interestingly, cobas Liat detected SARS-CoV-2 RNA in 6 of the 20 putatively negative 227 

pandemic samples – these are thus samples with a Ct value ≥38 of the orf1ab RT-qPCR 228 

comparator assay. Explanations, which are not mutually exclusive, are: false-positive results 229 

with cobas Liat; an uneven distribution of SARS-CoV-2 RNA within the sample; or a higher 230 

sensitivity of cobas Liat compared to the orf1ab RT-qPCR comparator assay. ID NOW 231 

detected viral RNA in samples with both high and low RNA loads, but analyses were frequently 232 

invalid. ID NOW reported detection of SARS-CoV-2 in one negative pandemic sample. The 233 

RAT was only able to detect SARS-CoV-2 protein in samples with a high RNA load and invalid 234 

analysis occurred in one pre-pandemic sample. RAT did not report antigen detection in none 235 

of the negative pandemic samples.  236 

Infectious virions are most likely to be detected in the URT within the first ten days after onset 237 

of symptoms (Bullard et al., 2020; Killingley et al., 2022; Puhach et al., 2023). Importantly, 238 

transferability of these data to lower respiratory tract (LRT) samples has not been studied. 239 

Within the first ten days after RT-qPCR diagnosis of SARS-CoV-2 infection, cobas Liat 240 

detected SARS-CoV-2 RNA in all but one positive pandemic sample; this sample with DBI of 241 

8 days had an orf1ab Ct value of 34.9 and is therefore unlikely to have a clinical impact. 242 

Interestingly, ID NOW also did not detect viral RNA in this same sample. ID NOW analyses 243 

were invalid in 9 of 31 samples with DBI ≤10d. RAT failed to detect SARS-CoV-2 antigen in 244 

a third of the positive pandemic samples with DBI ≤10d. 245 
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POCTs can be an additional safety barrier to prevent donor-derived transmission of SARS-246 

CoV-2 in the setting of LTx. Transmission occurs when infectious virions are still present in 247 

the donor lungs at the time of procurement (Kaul et al., 2021; Kumar et al., 2021). Therefore, 248 

candidate lung donors are screened with RT-qPCR assays on URT samples and if available, on 249 

LRT samples (Booker et al., 2023). However, a negative screening result does not always 250 

preclude presence of infectious virions in the lungs, for at least three reasons (Mahmood et al., 251 

2021). First, donors are often only screened with URT samples, which might not contain 252 

SARS-CoV-2, but infectious virions may well reside in the LRT (Kaul et al., 2021; Kumar et 253 

al., 2021). Second, typically only a single test result is available, thereby providing only a 254 

snapshot in the course of a possible infection. Third, as there is often an interval of several days 255 

between screening and lung procurement, early infections with low viral load can be missed 256 

and may lead to a scenario where, unknowingly, lungs are transplanted at or near the peak of 257 

infection. POCTs can help in preventing the scenario where missed detection may result in 258 

severe or fatal COVID-19 after LTx (Kaul et al., 2021; Kumar et al., 2021).  259 

On the other hand, POCTs can also contribute to an unnecessary decision to decline life-saving 260 

donor lungs. NAATs such as cobas Liat and ID NOW can detect the presence of low RNA 261 

loads in BAL fluid samples and low RNA loads may reflect either an early phase of infection 262 

or, conversely, the persistence of SARS-CoV-2 RNA during convalescence (Puhach et al., 2023; 263 

Ceuelemans et al., 2020; Ceulemans et al., 2021; Goetz et al., 2023; Jyothula et al., 2023). The 264 

decision to decline lungs should therefore be based on the medical history, earlier screening 265 

results, and the type of POCT that was used (Querrey et al., 2021).  266 

POCT implementation during procurement relies on several practical issues. First, POCTs 267 

must provide sufficient probability of detecting SARS-CoV-2 in BAL fluid samples - which 268 

we here showed to be highest with cobas Liat. Second, the number of invalid results must be 269 

low to avoid needles repetition of the test and inadvertent delays. In positive pandemic samples, 270 

RAT analyses were never invalid, but ID NOW suffered from many invalid results. The high 271 
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fraction of invalid results for ID NOW could be explained by the incompatibility of BAL fluid 272 

and the buffer that is preloaded in the test cassette. Third, extensive logistical requirements for 273 

remote lung procurement must be avoided. The requirements for an electricity source, the set-274 

up time, the cassette storage temperature, and the time to run the POCT must be considered. 275 

Another portable POCT assay with a favorable profile is the Vivalytic (Bosch) (De Pace et al., 276 

2021). 277 

 278 

Our study has several limitations. The number of frozen BAL fluid samples that were available 279 

for secondary analysis and re-testing was limited. The POCT analyses were not performed on 280 

fresh samples. We did not re-test all samples with the orf1ab RT-qPCR comparator assay. We 281 

evaluated the performance of POCT assays that were not designed or validated for BAL fluid 282 

samples, and the mucous aspect of the samples may affect the results and fraction of invalids. 283 

In case of an invalid analysis, we did not re-test samples, but re-testing with the same POCT 284 

or testing with another POCT is likely to be done in a real-life setting. SARS-CoV-2 is 285 

heterogeneously distributed within BAL fluid and analysis of different aliquots of the sample 286 

may have affected results of each test in this study. Parallel URT samples were not available 287 

to provide insight into the correlation with SARS-CoV-2 detection in LRT samples. 288 

 289 

In summary, we have here shown that POCTs can be used for detection of SARS-CoV-2 RNA 290 

or antigen in BAL fluid samples. The highest probability of detection without invalids within 291 

the first 10 days after diagnosis was provided by cobas Liat. The high fraction of invalid results 292 

for ID NOW and low probability of detection with RAT render these assays less ideal for the 293 

setting of lung procurement. POCTs can be used as an additional safety barrier to intercept 294 

donor-derived SARS-CoV-2 transmission but results must be interpreted carefully, taking into 295 

account all available clinical information and previous screening results (Querey et al., 2021; 296 

Goetz et al., 2023). During the emergency phase of the COVID-19 pandemic, POCTs played 297 
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an important role in limiting the spread of SARS-CoV-2 among the general population. 298 

Validated POCTs that can detect existing or emerging respiratory pathogens in BAL fluid 299 

samples could be an additional safeguard in the prevention of donor-derived postoperative 300 

infections after LTx.  301 

  302 
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