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Introduction: The large number of asymptomatic SARS-CoV-2 infections necessitates general screen-
ing of employees. We evaluate the performance of a SARS-CoV-2 screening program in asymptomatic
healthcare-workers (HCW), utilizing self-sampled gargling-solution and sample pooling for RT-qPCR.
Methods: We conducted a cross-sectional retrospective study to collect real-life data on the performance
of a screening-workflow based on automated-pooling and high-throughput qPCR testing over a 3-month-
period at the University Hospital Hamburg.
Results: Matrix validation reveals that lower limit of detection for SARS-CoV-2 RNA in gargling-solution
was 180 copies/mL (5-sample-pool). A total of 55,122 self-collected gargle samples (= 7513 HCWs) was
analyzed. The median time to result was 8.5 hours (IQR 7.2-10.8). Of 11,192 pools analyzed, 11,041
(98.7%) were negative, 69 (0.6%) were positive and 82 (0.7%) were invalid. Individual testing of pool
participants revealed 57 SARS-CoV-2 previously unrecognized infections. All 57 HCWs were either pre-
symptomatic or asymptomatic (prevalence 0.76%,C195%0.58-0.98%). Accuracy based on HCWs with gargle-
solution and NP-swab available within 3-day-interval (N = 521) was 99.5% (C195%98.3-99.9%), sensitivity
88.9% (C195%65.3-98.6%) while specificity 99.8% (C195%98.9-99.9).
Conclusion: This workflow was highly effective in identifying SARS-CoV-2 positive HCWs, thereby low-
ering the potential of inter-HCW and HCW-patient transmissions. Automated-sample-pooling helped to
conserve qPCR reagents and represents a promising alternative strategy to antigen testing in mass-
screening programs.

© 2021 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Introduction proven infections places further strain on an already overburdened

healthcare system.

Healthcare workers (HCW) are on the frontlines of the current
worldwide SARS-CoV-2 pandemic, placing themselves, their fam-
ilies and their patients at further risk of infection. Furthermore,
their absence during periods of isolation for either suspected or
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Because of the high number of asymptomatic SARS-CoV-2 in-
fected individuals,! the focus of testing in HCWSs should shift from
a symptom-based approach to continuous screening of all those in
contact with patients. However, regular mass screening by RT-qPCR
using nasopharyngeal (NP) swabs is currently not feasible due
to the scarcity of reagents, turnaround times and lack of trained
personnel necessary to perform NP swabs. Similarly, rapid anti-
gen tests have shown detection limits of 104-10° SARS-CoV-2 RNA
copies/mL? and lower sensitivity, particularly in asymptomatic in-
dividuals.?

0163-4453/© 2021 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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A number of less invasive sampling methods for PCR tests have
been explored in recent months. First studies have demonstrated
acceptable performance using saliva samples,* which have also
been proposed as a candidate for HCW mass screening schemes
via sample pooling.>6 However, “real-life” data on the performance
of such methods in practice is still lacking at this point. Further-
more, pooling of these kinds of samples entails many technical
challenges: e.g., the sample viscosity requires manual processing,
which is both time consuming and risks errors and contamina-
tions.

Gargling samples represent another swab-independent sam-
pling method which is both less invasive and offers good perfor-
mance in detecting SARS-CoV-2 infections.”>8

In this study we report real-life performance data for an RT-
qPCR-based mass screening approach in a large cohort of asymp-
tomatic health care workers, utilizing pooled gargling solution as
non-invasive sample type.

Methods
Technical and clinical validation of gargling-solution as sample matrix

Gargling-solution is not approved for use with the cobas SARS-
CoV-2 PCR test by the manufacturer. To rule out substantial im-
pairment of target detection due to the matrix, pooled SARS-CoV-
2 negative gargling-solution was used to prepare a two-fold dilu-
tion series of SARS-CoV-2 reference material (Accuplex SARS-CoV-
2, Infl-A/B, RSV) and subjected to testing on the system (9 dilution
steps, 8 repeats each, 500-2 cp/mL). Analytical LoD was assessed
by probit-analysis.

To test the viability of gargle-samples for SARS-CoV-2 detection,
we asked SARS-CoV-2 positive HCWs and patients to self-collect
gargle-samples in addition to a diagnostic NP sample performed by
a medical doctor. NP flocked swabs were collected via the left or
right naris using UTM based collection kits by Copan (Italy, Bres-
cia). The gargle-sample collection procedure is described below in
more detail.

Pre-existing screening programs and introduction of gargle testing

Before the introduction of gargle pooling in December 2020,
HCWs at the University Hospital of Hamburg were instructed to
get tested for SARS-CoV-2 at the occupational doctor’s practice for
free at their own discretion, in case they experienced any symp-
toms. Testing was carried out by RT-qPCR using NP swabs.

Following an institutional agreement, all HCWs were invited to
self-collect gargle samples weekly or twice weekly, depending on
their area of work, for general SARS-CoV-2 screening. This scheme
was limited to asymptomatic employees with direct contact with
patients; those experiencing symptoms continued to receive stan-
dard testing by NP swab.

Study setup

We performed a cross-sectional retrospective study from 1st
December 2020 to 28th of February 2021 in a large tertiary care
hospital in Germany. We compared the incidence of SARS-CoV-2
infections and proportion of positive tests in an occupational prac-
tice for HCWs with a gargling solution-pooling technique. The lat-
ter was also compared with the proportion of positive tests in Ger-
many in the same period. The study was performed in compliance
with the Helsinki declaration, ethics votum was waived since data
were collected anonymously. As a consequence, demographic data
and clinical characteristics were not accessible.
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Gargling-solution collection procedure

Users were instructed (with flyers and instruction videos) to
gargle at home with 5-7 mL of tap water for 30 s and then spit
into an empty 10 mL sterile polypropylene container using a straw
(step I in the Fig. 1). The tube was then labeled by the user with
an individualized barcode tag and sent to the microbiology depart-
ment for analysis (step II, Fig. 1).

Sample pooling

After reception and registration, 1 mL of cobas PCR Media
(< = 40% Guanidine hydrochloride solution in Tris-HCL) was added
to each gargling-sample using a Hamilton Starlet IVD liquid han-
dler (step III, Fig. 1). Pools of 5 (300 pL per sample for 1500 pL
total volume) were generated using IVD pooling software (Hamil-
ton STARIet IVD, Hamilton company, Reno, Nevada, step 1V, Fig. 1)
and pooling protocols released to the LIS (laboratory information
system) for result allocation (step IV, Fig. 1).

The sample pools were consecutively analyzed using the cobas
SARS-CoV-2 IVD test for the cobas6800 system (Roche, Mannheim,
Germany). Target-1 (ORFlab) and Target-2 (E gene) results were
analyzed separately, though the entire assay was deemed positive
as long as one target returned a positive result (step V Fig. 1).° Pool
results were automatically transferred back to the LIS (Swisslab-
Nexus, Berlin, Germany, step VI Fig. 1) and allocated to individ-
ual orders. If the pool was negative, all 5 participants were auto-
matically set negative; conversely, if positive, all 5 samples were
forwarded to individual retesting. Negative results were reported
to respective HCWs by SMS to their private cell phone (step VII
Fig. 1). If positive, the occupational doctor would inform the re-
spective HCW in person.

Statistical analysis

Sensitivity, specificity and overall accuracy including two-sided
95% Wald confidence intervals (C195%) were assessed for those pa-
tients for whom a gargle sample and NP swab as gold standard
were performed within a 3 day-interval. Invalid samples (NP swabs
or gargles) were excluded from the analysis. A follow-up of positive
gargle solutions was performed in order to assess a confirmation
of the positive results by NP swabs or by serology beyond 3 days,
although these samples were not included in the accuracy analy-
sis. We calculated the incidence rate per 100,000 days at risk con-
sidering the time-at-risk started with 1st of December 2020 and
ended the 31th of January 2021. All statistical analyses were per-
formed using GraphPad Prism version 9 (GraphPad Software, San
Diego, CA) and STATA 15.

Role of the funding source
For this study we received no funding.
Results
Technical and clinical validation of gargling solution as sample matrix

Analytical LoD for the cobas SARS-CoV-2 IVD test in gar-
gling solution was determined as 36 copies/mL (CI95% 27.78-58.81
copies/mL; see also Appendix Fig. 1). This corresponds to an LoD
of 180 copies/mL (CI95% 138.9-294.05 copies/mL) for one clini-
cal sample in a pool of five. To compare SARS-CoV-2 RNA detec-
tion in self-sampled gargling solution and professionally performed
NP swab, we analyzed 21 sample pairs obtained from SARS-CoV-2
positive HCWs (n = 7) and patients (n = 14). Viral RNA ranged
from 6.76 x 102- 3.98 x 108copies/mL and 5.37 x 102-6.17 x 106
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Fig. 1. Flow-chart of the pooling workflow: gargle sample collection at home, step I; transport to the laboratory, step II; Hamilton STARlet IVD processing: addition of 1TmL
of cobas PCR Media (< = 40% Guanidine hydrochloride solution in Tris-HCL) to each gargling-sample, step III, and pools of 5 gargle samples (300 pL per sample for 1500 puL
total volume, step IV); pooled samples tested by a fully automated RT-PCR, step V; results validation, step VI; transmission of results by phone message, if negative, or by

the occupational doctor, if positive, step VIL

copies/mL in NP swab and gargling solution respectively. Overall
qualitative agreement was 21/21 (100%) while viral loads were on
average 1.43 log10 copies/mL lower in self-collected gargling solu-
tion (see Appendix Fig. 2). Interestingly, quantitative difference be-
tween NP swab and gargling was smaller in HCW indicating that
correct gargling procedure and the ability to hold breath for 30s,
particularly difficult for critical ill patients, is important for suc-
cessful self-sampling.

Implementation of the screening program

Clinical departments were added successively to the general
screening program as outlined above. As a result, sample numbers
increased approximately 10-fold over the course of the observation
period (Appendix Fig. 3). A total of 55,122 self-collected gargle-
samples were processed, representing 7513 individual asymp-
tomatic healthcare-workers (Fig. 2). The median number of sam-
ples submitted per HCW was 4 (range 1-18). Of the submitted
gargle-samples, 2.8% (1,554/55,122) had to be rejected due to im-
proper preparation (e. g. not closed properly, too full, etc.). The re-
maining 52,715 samples were used to generate a total of 11,192
pools, which were consecutively analyzed by PCR. The median time
to result was 8.5 h (IQR 7.2-10.8).

Results of general screening and testing of symptomatic HCWs

Of the tested 11,192 sample pools, 11,041 were negative, 82 re-
turned an invalid result and 69 were positive. Individual testing
of the positive pools revealed 51 previously unknown SARS-CoV-2
infections in employees. In addition, 6 positives were residues of
known previous infections. In a total of 12 positive pools (55 in-
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dividual samples) no positive individual sample was found, thus
requiring individual retesting of all HCWs involved.

The overall prevalence of SARS-CoV-2 infections in asymp-
tomatic HCWs was 0.76% (CI95 0.58-0.98%). Incidence rates per
100,000 days at risk over the trial period can be seen in Appendix
Table 1, as reported by.'” The median concentration of viral RNA
per positive gargle-sample (in individual testing) was 1.45 x 103
(IQR: < 5 x 102-3.09 x 10%) copies/mL.

Parallel to the screening of asymptomatic HCWs, a total of 4301
symptomatic HCWs were tested by NP swab at the occupational
doctor’s practice during the trial period. Of these, 150 returned
positive for SARS-CoV-2, representing a prevalence of 3.5% (CI95
2.7-4.1%)

The overall prevalence of SARS-CoV-2 infection among HCWs
across the study period (symptomatic and asymptomatic) was 2.3%
(201/ 8,640, CI95: 2-2.7%).

Comparing results of gargle samples with NP swab

The accuracy of pooled gargle samples was approximated by
comparing gargle test results with NP swab results if performed
within a timeframe of 3 days. 521 such sample pairs were avail-
able, 504 of which were negative and 17 positive in the gargle
test. In two cases, SARS-CoV-2 RNA was detectable by NP swab fol-
lowing a negative gargle-test within 3 days. Overall accuracy was
determined as 99.4% (CI95 98.3-99.9%), sensitivity as 88.9% (CI95
65.3-98.6%) and specificity as 99.8% (CI95 98.9-99.9%). Results of
available follow- up of confirmation by serology or by NP swabs of
all 51 positive gargle solutions is available in the Appendix Table
2. In total from 40/51 cases confirmatory test were available and
39/40 positive gargling tests could be confirmed.
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Fig. 2. Diagram of HCW participants and samples obtained through to the pooling workflow from 1st December 2020 to 28th February 2021.

Discussion

In this study we report real-life data of a large-scale screening
program in asymptomatic healthcare workers using self-collected
gargling solution as sampling method with pooled RT-qPCR for
SARS-CoV-2 detection. Preliminary validation showed that ex-
pected viral concentrations are systematically lower in gargling so-
lution but without a substantial loss in overall positive agreement.*

As part of the program, a total of 55,122 individual tests were
performed for over 7000 eligible employees over a 3-month pe-
riod. 51 asymptomatic healthcare workers were identified as SARS-
CoV-2 positive and sent into quarantine. There were only two cases
in which HCWs tested positive by conventional NP swab after re-
ceiving a negative result by gargling solution testing within a 3-day
interval. During the time when general screening was in effect, no
transmissions were detected originating from HCWs who partici-
pated in the program.

Limitation of this study was the absence of confirmation of pos-
itive and negative gargle solution by NP within 3-day-interval for
all samples. Furthermore, this workflow of gargling-solution tested
via pooled qPCR were not compared with other screening strate-
gies, e. g. by rapid antigen test.

SARS-CoV-2 outbreaks in healthcare facilities have been a ma-
jor concern during the ongoing pandemic, as these institutions
concentrate some of the most vulnerable members of the pop-
ulation. In an environment of broad community spread, infec-
tions may be carried into hospitals in many different ways, in-
cluding infected patients, healthcare workers, visitors and others.!!
Given the wide spectrum of potential courses of the disease, in-
fected individuals may actively spread the virus before becoming
symptomatic or even without ever developing any symptoms that
would help identify the risk.”> As a result, general SARS-CoV-2
screening, regardless of symptoms, is necessary to control trans-
mission within hospitals. Rapid antigen tests have been proposed
for such screening schemes, as they provide fast results and are
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widely available in large quantities. However, their accuracy is im-
perfect, particularly in asymptomatic patients,’®> thus carrying the
risk to miss cases, some of which would then lead to outbreaks.
Using mathematical modeling approaches, there have been mul-
tiple studies suggesting that increased testing frequency can mit-
igate lower sensitivity in individual tests, however, there is cur-
rently no real-life data available to support this concept in prac-
tice.' This would also exacerbate the impact of sporadic false
positives.

There have been recent reports of screening approaches using
pooled RT-qPCR,'>16 sacrificing some sensitivity to vastly increase
capacity for PCR testing. These have shown success in practice,
but still rely on conventional nasopharyngeal swabs as material.
Nasopharyngeal swabs have become the mainstay for SARS-CoV-2
detection as they were shown to yield the most amount of virus
compared to other modes of sampling.”” Notably, rapid antigen
tests often rely on them for optimal performance. However, NP
swabs have inherent disadvantages as they are fairly invasive and
uncomfortable to perform and usually require a dedicated opera-
tor for collection. A number of alternative sampling methods have
been proposed in recent months, including saliva and gargling so-
lution. 418

Our data shows that screening by self-sampled gargling-
solution, tested via pooled qPCR was highly effective for identifying
SARS-CoV-2 RNA positive HCWs. Expanding the described screen-
ing scheme to two-times per week would, in all likelihood, effec-
tively eliminate the potential for large outbreaks with a reasonable
margin of safety. This is feasible due to the high accuracy of the
RT-qPCR based approach and the unmatched resource efficiency of
sample pooling strategies. It thus represents a promising alterna-
tive to rapid antigen testing.

Funding

There are no funding source for this study.



E. Olearo, D. Norz, A. Hoffman et al.

Supplementary materials

Supplementary material associated with this article can be

found, in the online version, at doi:10.1016/j.jinf.2021.08.047.

References

—_

~

. Black JRM, Bailey C, Przewrocka ], Dijkstra KK, Swanton C. COVID-19: the

case for health-care worker screening to prevent hospital transmission. Lancet
2020;395:1418-20.

. Peeling RW, Olliaro PL, Boeras DI, Fongwen N. Scaling up COVID-19 rapid anti-

gen tests: promises and challenges. Lancet Infect Dis 2021;21(9):e290-5 Feb
2300048-7.

. Corman VM, Haage VC, Bleicker T, Schmidt ML, Mithlemann B, Zuchowski M,

Jo WK, Tscheak P, Moncke-Buchner E, Miiller MA, Krumbholz A, Drexler JF,
Drosten C. Comparison of seven commercial SARS-CoV-2 rapid point-of-care
antigen tests: a single-centre laboratory evaluation study. Lancet Microbe
2021;2(7):e311-19 Jul.

. Wyllie AL, Fournier ], Casanovas-Massana A, Campbell M, Tokuyama M, Vi-

jayakumar P, Warren JL, Geng B, Muenker MC, Moore AJ, Vogels CBF,
Petrone ME, Ott IM, Lu P, Venkataraman A, Lu-Culligan A, Klein ], Earnest R,
Simonov M, Datta R, Handoko R, Naushad N, Sewanan LR, Valdez ], White EB,
Lapidus S, Kalinich CC, Jiang X, Kim DJ, Kudo E, Linehan M, Mao T, Moriyama M,
Oh JE, Park A, et al. Saliva or nasopharyngeal swab specimens for detection of
SARS-CoV-2. N Engl | Med 2020;383:1283-6.

. Fogarty A, Joseph A, Shaw D. Pooled saliva samples for COVID-19 surveillance

programme. Lancet Respir Med 2020;8:1078-80.

. Lohse S, Pfuhl T, Berk6-Gottel B, Rissland ], GeiRler T, Gartner B, Becker SL,

Schneitler S, Smola S. Pooling of samples for testing for SARS-CoV-2 in asymp-
tomatic people. Lancet Infect Dis 2020;20:1231-2.

. Gadkar V], Goldfarb DM, Young V, Watson N, Hoang L, Lee T, Prystajecky N,

Al-Rawahi GN, Srigley JA, Tilley P. Gargle-direct: extraction-free detection of
SARS-CoV-2 using real-time PCR (RT-qPCR) of saline gargle rinse samples.
MedRxiv 2020 2020.10.09.20203430.

. Malecki M, Liisebrink J, Teves S, Wendel AF. Pharynx gargle samples are suit-

able for SARS-CoV-2 diagnostic use and save personal protective equipment and
swabs. Infect Control Hosp Epidemiol 2021;42:248-9.

. Norz D, Frontzek A, Eigner U, Oestereich L, Wichmann D, Kluge S, Fischer N,

Aepfelbacher M, Pfefferle S, Liitgehetmann M. Pushing beyond specifications:
evaluation of linearity and clinical performance of the cobas 6800/8800 SARS-
CoV-2 RT-PCR assay for reliable quantification in blood and other materials out-
side recommendations. J Clin Virol 2020;132:104650.

593

10.

1.

12.

13.

15.

16.

17.

18.

Journal of Infection 83 (2021) 589-593

Lumley SF, O'Donnell D, Stoesser NE, Matthews PC, Howarth A, Hatch SB,
Marsden BD, Cox S, James T, Warren F, Peck LJ, Ritter TG, de Toledo Z, War-
ren L, Axten D, Cornall R], Jones EY, Stuart DI, Screaton G, Ebner D, Hoos-
dally S, Chand M, Crook DW, O’'Donnell A-M, Conlon CP, Pouwels KB, Walker AS,
Peto TEA, Hopkins S, Walker TM, Jeffery K, Eyre DWOxford University Hospitals
Staff Testing Group Antibody Status and Incidence of SARS-CoV-2 infection in
health care workers. N Engl | Med 2021;384:533-40.

Rickman HM, Rampling T, Shaw K, Martinez-Garcia G, Hail L, Coen P, Shah-
manesh M, Shin GY, Nastouli E, Houlihan CF. Nosocomial transmission of coro-
navirus disease 2019: a retrospective study of 66 hospital-acquired cases in a
London teaching hospital. Clin Infect Dis 2021;72:690-3.

Lee S, Kim T, Lee E, Lee C, Kim H, Rhee H, Park SY, Son H-], Yu S, Park JW,
Choo EJ, Park S, Loeb M, Kim TH. Clinical course and molecular viral shed-
ding among asymptomatic and symptomatic patients with SARS-CoV-2 infec-
tion in a community treatment center in the Republic of Korea. JAMA Intern
Med 2020;180(11):1447-52 Nov 1.

Boum Y, Fai KN, Nicolay B, Mboringong AB, Bebell LM, Ndifon M, Abbah A,
Essaka R, Eteki L, Luquero F, Langendorf C, Mbarga NF, Essomba RG, Buri BD,
Corine TM, Kameni BT, Mandeng N, Fanne M, Bisseck ACZK, Ndongmo CB, Eyan-
goh S, Hamadou A, Ouamba JP, Koku MT, Njouom R, Claire OM, Esso L, Epée E,
Mballa GAE. Performance and operational feasibility of antigen and antibody
rapid diagnostic tests for COVID-19 in symptomatic and asymptomatic patients
in Cameroon: a clinical, prospective, diagnostic accuracy study. Lancet Infect Dis
2021;21(8):1089-96 Mar 2551473-3099.

. Mina M], Parker R, Larremore DB. Rethinking Covid-19 test sensitivity-a strategy

for containment. N Engl ] Med 2020;383:e120.

Christoff AP, Cruz GNF, Sereia AFR, Boberg DR, de Bastiani DC, Yamanaka LE,
Fongaro G, Stoco PH, Bazzo ML, Grisard EC, Hernandes C, de Oliveira LFV. Swab
pooling: a new method for large-scale RT-qPCR screening of SARS-CoV-2 avoid-
ing sample dilution. PLoS One 2021;16:0246544.

Barak N, Ben-Ami R, Sido T, Perri A, Shtoyer A, Rivkin M, Licht T, Peretz A,
Magenheim ], Fogel I, Livneh A, Daitch Y, Oiknine-Djian E, Benedek G, Dor Y,
Wolf DG, Yassour M. Hebrew University-Hadassah COVID-19 diagnosis team.
lessons from applied large-scale pooling of 133,816 SARS-CoV-2 RT-PCR tests.
Sci Transl Med 2021;13(589):eabf2823.

Patel MR, Carroll D, Ussery E, Whitham H, Elkins CA, Noble-Wang ], Rasheed JK,
Lu X, Lindstrom S, Bowen V, Waller ], Armstrong G, Gerber S, Brooks JT.
Performance of Oropharyngeal swab testing compared with nasopharyngeal
swab testing for diagnosis of coronavirus disease 2019-United States, January
2020-February 2020. Clin Infect Dis 2021;72:403-10.

Teo AK], Choudhury Y, Tan IB, Cher CY, Chew SH, Wan ZY, Cheng LTE, Oon LLE,
Tan MH, Chan KS, Hsu LY. Saliva is more sensitive than nasopharyngeal or
nasal swabs for diagnosis of asymptomatic and mild COVID-19 infection. Sci Rep
2021;11:3134.


https://doi.org/10.1016/j.jinf.2021.08.047
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0001
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0002
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0006
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0006
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0006
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0006
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0006
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0006
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0006
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0006
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0006
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0006
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0007
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0008
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0009
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0010
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0011
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0011
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0011
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0011
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0011
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0011
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0011
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0011
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0011
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0011
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0011
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0014
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0014
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0014
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0014
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00451-5/sbref0018

