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A B S T R A C T   

Objective: It is unclear if implementation of biosafety action plans in response to the COVID-19 pandemic has 
affected laboratory quality metrics. 
Methods: This retrospective study used quality data, including turnaround time (TAT) and number/type of un-
acceptable specimens from a stat laboratory supporting an outpatient medical clinic serving predominantly 
elderly cancer patients. Four months of data from the height of the COVID-19 pandemic (March-June 2020) were 
compared to the same months in 2019. 
Results: March-May 2020 test volumes were decreased compared to 2019. June 2020 test volume was slightly 
increased compared to 2019. TATs in 2020 were similar/ slightly improved compared to the same months in 
2019, due to shortened collect to receive and receive to verify TATs. The number and types of unacceptable 
specimens were similar in 2020 and 2019. 
Conclusions: Despite the challenges to the system caused by the pandemic, laboratory quality metrics were 
maintained.   

1. Introduction: 

The COVID-19 pandemic, which originated in Wuhan, the capitol of 
the Hubei Province of China, has had a worldwide impact on many 
facets of human activity. In the absence of a vaccine or widespread 
natural immunity, most nations have adapted the tenets of social 
distancing, wearing of masks when in public, and limited work hours, all 
in an effort to limit exposure and spread of the SARS-CoV-2 virus. These 
policies have extended to the clinical laboratory: a recent survey re-
ported that laboratories have decreased the items available in their test 
menus, staggered staffing to limit individual employee exposures, 
implemented employee temperature checks, and increased the decon-
tamination of the workplace and clinical instruments [1]. The impact of 
these changes on laboratory turnaround time (TAT) and other quality 
metrics has been largely unexplored [2]. The impact of the COVID-19 
pandemic on overall test volume has also largely been unexamined. 

Since stat laboratories often serve a high fraction of patients with co- 
morbidities such as age > 60 years and cancer, which have been asso-
ciated with severe disease and poor prognosis in SARS-CoV-2 infection 
[3–6], it is essential for these laboratories to support their clinical 

services in a way to minimize patient wait times and still maintain 
acceptable quality. The purpose of this study was to examine the out-
comes, as measured by quality metrics, of the policies implemented by a 
stat laboratory operating in a hematology/oncology outpatient clinic, in 
response to the COVID-19 pandemic. 

2. Patients and Methods: 

This study was performed at an outpatient facility staffed by uni-
versity faculty physicians. The patient population consists almost 
entirely of patients with established or suspected history of hematologic 
malignancy or solid tumor, and ~ 85% of patients are > 60 years of age. 

The College of American Pathologists/ Clinical Laboratory 
Improvement Act-certified laboratory is staffed by 2 medical technolo-
gists and 2 phlebotomists. The test menu consists of complete blood 
count (CBC) with or without differential count, basic chemistry panels, 
lactate dehydrogenase, magnesium, uric acid, amylase, and lipase. 
Instrumentation consists of a Sysmex (Kobe, Japan) XN-10 blood 
analyzer and a Roche (Basel, Switzerland) C501 chemistry analyzer. 

The first case of SARS-CoV-2 infection was reported in the region on 
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March 8, 2020 and the increased number of reported infections in the 
area resulted in the following changes to the standard operating pro-
cedures of the outpatient clinic and laboratory, which were imple-
mented starting the week of March 19. Access to the facility was limited 
to employees, patients, and no>1 additional individual accompanying a 
patient. All persons entering the facility were temperature-checked upon 
arrival and were screened for risk factors before being allowed entry. 
Social distancing was implemented in the waiting area by placing seats 
~ 6 feet apart. 

A high fraction of patients are being actively treated with adjuvant 
chemotherapy and other treatment protocols for which rapid turn-
around time is necessary, and patients frequently are required to wait in 
the clinic for the results of laboratory tests before being allowed to leave. 
For this reason it was decided that 1) the laboratory menu would be 
unchanged, rather than shift any of the testing to the main laboratory, 
17 miles (~27 km) from the outpatient facility 2) the level of staffing 

would be minimally reduced by 10% to decrease the risk of transmission 
between employees and maintain (or improve) TAT 3) batching of 
specimens by the phlebotomy staff before transport to the laboratory 
would be minimized to decrease collect to receive TAT 4) laboratory 
procedures should be carefully reviewed by lab personnel to ensure that 
all testing was performed efficiently and correctly, to ensure that 
intralaboratory TAT was maintained 5) special attention would be given 
to efforts to minimize exposure of employees (e.g. masking of employees 
at all times, frequent hand washing, frequent decontamination of in-
strument and counter surfaces). 

This study protocol was reviewed by the University Human Research 
Protection Office which determined that it did not involve activities that 
are subject to Institutional Review Board oversight. 

Data entry and graphical presentation was performed using Excel 
(Microsoft, Redmond, CA USA) and statistics were performed using 
Minitab 18.1 (State College, PA USA). The following statistics were 

Fig. 1. Chemistry order to collect, collect to receive, and receive to verify turnaround times (TATs), showing 50th, 90th, and 97.5th percentile TATs superimposed on 
monthly testing volume for March-June 2019 (left side) and March-June 2020 (right side). 
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recorded or calculated: number and type of unacceptable specimens 
(clotted specimen, collection error, hemolyzed specimen, intravenous 
contamination, laboratory accident, laboratory order error, mislabeled 
specimen, quantity not sufficient, expired specimen); mean monthly test 
volume; and TATs, separated into order to collect TAT, collect to receive 
TAT, and receive to verify TAT. The study period was March- June 2020, 
which included the first month the protocol changes were implemented 
and the last full month for which data was available. The statistics for 
the study period were compared to the same months in 2019. Since TAT 
statistics had a nonnormal distribution, comparison was performed 
using Mann-Whitney U-statistics, which also took into account the dif-
ferences in testing volume between 2019 and 2020. A p value of < 0.05 
was considered statistically significant. 

3. Results: 

Graphs of order to collect, collect to receive, and receive to verify 
TATs superimposed on monthly testing volume for 2019 and 2020 are 
illustrated in Fig. 1 (chemistry) and Fig. 2 (hematology). The overall test 

volume in March 2020 was slightly lower than the comparable period in 
2019 (3425 vs 3495, − 2%) and dropped sharply in April 2020 (2889 vs 
3714, –22%) (Table 1). The testing volume in May 2020 remained 
depressed (3086 vs 3317, − 7%) and increased in June 2020 to surpass 
the test volume of June 2019 (3744 vs 3655, +2%). 

Table 1 shows the results of Mann-Whitney U-statistics comparing 
the median order to collect, collect to receive, and receive to verify 
turnaround times for each month during the study period to their 
comparable month in 2019. Order to collect turnaround times remained 
stable throughout the study period. There was a significant improve-
ment in the chemistry collect to receive turnaround times for all months 
and for March and April for the hematology testing, as evidenced by the 
marginally decreased median and interquartile ranges for these periods. 
There was a slightly improved chemistry receive to verify turnaround 
time for March-May 2020 compared to 2019. The hematology receive to 
verify turnaround times were relatively constant over the study period 
and did not significantly differ from those in 2019. Looking at the 
graphical description of the collect to receive turnaround times (Fig. 1), 
it is can be seen that the improvement in turnaround times was due to 

Fig. 2. Hematology order to collect, collect to receive, and receive to verify turnaround times (TATs), showing 50th, 90th, and 97.5th percentile TATs superimposed 
on monthly testing volume for March-June 2019 (left side) and March-June 2020 (right side). 
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the decrease in the outliers, as evidenced by the decrease in the 97.5th 
percentile line. For chemistry, the collect to receive turnaround time 
persisted even after the test volume increased in June 2020 to surpass 
the June 2019 vol For the other TAT metrics, the June 2020 values were 
not significantly different from June 2019. 

The number and types of unacceptable specimens received by the 
laboratory are listed in Table 2, which compares the 2019 and 2020 
data. The number of unacceptable specimens remained constant over 
the study period and were identical to those recorded for 2019. In 2019 
these errors accounted for 0.22% of the testing volume. In 2020 these 
errors accounted for 0.24% of the testing volume. 

4. Discussion: 

We report the results of a retrospective study examining successful 
implementation of an action plan by the stat laboratory of an outpatient 
hematology/ oncology clinic in response to the COVID-19 pandemic. 
When we adapted this strategy, there were few reports to assist the 
planning for a laboratory response to the COVID-19 pandemic. Initially, 
most publications in the medical literature regarding COVID-19 and 
laboratory planning were largely speculative in nature and limited to 
review articles and editorials [2]. Other papers were more applicable to 
direct patient care rather than being laboratory-specific or were related 
to treatment and testing of infected patients or individuals with sus-
pected infection. Barba et al, for example, describing the response in an 
academic center in Madrid, stated that the care of non-COVID patients 
was reduced [7]. Likewise, DeJonge et al, referencing guidelines pro-
posed by Willan et al [8–10] suggested that clinicians make appropriate 
decisions regarding testing indication and frequency before sending a 
patient for phlebotomy. Other guidelines proposed by DeJonge et al and 
others [11] included segregation of COVID-positive from COVID- 
negative patients, minimal use of paper forms, social distancing, 
appropriate use of personal protective equipment by laboratory 
personnel, and frequent hand washing and other hygienic procedures to 
minimize spread [8]. 

Recently, reports have appeared in the literature that describe a 
variety of responses to the pandemic. Lapic et al reported their experi-
ence in a university hospital setting, where it was decided during the 
pandemic to divert the entire testing volume of an emergency 

department-based satellite laboratory to the hospital’s central labora-
tory [12]. They reported a statistically significant prolongation in TAT 
due to increased time from specimen collection to specimen receiving 
[12]. This strategy would likewise have been unsuccessful in our labo-
ratory, due to the long distance (17 miles) and transit time for specimens 
to be transported from the outpatient clinic to the main hospital labo-
ratory. Also, based on our experience we were successful in modestly 
decreasing the collect to receive portion of the TAT, but were not able to 
decrease the order to collect or receive to verify TATs. 

A survey of > 1000 hospital laboratories by The International 
Federation of Clinical Chemistry and Laboratory Medicine Taskforce on 
COVID-19 included data from 69 (5.7% of total) outpatient laboratories 
[1]. Overall, the laboratories participating in the survey cited shortages 
of personal protective equipment, reagents, and analytical equipment as 
the most serious material issues. Interestingly, only about one third of 
laboratories reported daily temperature testing of staff and ~ 50% of 
laboratories staggered their employee schedules to lower risk of contact 
with infected employees [1]. In our laboratory, daily temperature 
checks of employees and all others entering the outpatient facility have 
been routinely employed, although a recent review suggests that ~ 45% 
of individuals with COVID-19 are asymptomatic and may not be febrile 
[13]. Although the baseline number of employees in this laboratory was 
low, we decided to stagger employee hours, as was done by our hospi-
tal’s main laboratory and which has been recommended in a recent 
simulation study [14]. 

At our medical center a decision was made to limit the number of 

Table 1 
Comparison of order to collect/collect to receive/receive to verify turnaround times March-June 2019 vs March-June 2020.    

March   April   May   June     

2019 2020 p 2019 2020 p 2019 2020 p 2019 2020 p  
Total testing 
volume (n) 

3495 3425  3714 2899  3317 3086  3655 3744  

Chemistry Number of 
Specimens 
(n) 

1667 1679  1840 1392  1729 1477  1710 1806  

Turnaround 
times, median 
and (IQR), 
mins 

Order to 
collect 

7 
(5–10) 

7 
(5–10) 

0.997 7 
(5–10) 

7 
(5–10) 

1.000 7 
(4–10) 

7 (5–10) 1.000 7 
(4–10) 

7 
(5–11) 

1.000  

Collect to 
receive 

3 (3–6) 2 (1–4) <0.001 3 (2–6) 2 (1–4) <0.001 4 (2–6) 2 (1–4) <0.001 4 (2–7) 3 (1–5) <0.001  

Receive to 
verify 

28 
(23–35) 

25 
(22–31) 

<0.001 26 
(22–33) 

24 
(22–28) 

<0.001 25 
(22–31) 

24 
(21.5–29) 

<0.001 26 
(22–33) 

26 
(23–34) 

0.989 

Hematology Number of 
Specimens 
(n) 

1828 1746  1874 1507  1588 1609  1945 1938  

Turnaround 
times 
(median and 
(IQR), mins 

Order to 
collect 

7 
(5–10) 

7 
(5–10) 

1.000 7 
(4–10) 

7 
(5–10) 

1.000 7 
(4–10) 

7 (5–10) 1.000 6 
(2–10) 

7 
(5–11) 

1.000  

Collect to 
receive 

3 (2–6) 2 (1–4) <0.001 3 (2–6) 2 (1–4) <0.001 2 (1–4) 2 (1–4) 0.236 3 (1–5) 3 (1–5) 0.477  

Receive to 
verify 

3 (3–6) 3 (3–6) 0.787 3 (3–5) 4 (3–7) 1.000 4 (3–8) 4 (3–8) 0.960 4 (3–8) 4 (3–9) 0.876 

IQR = interquartile range 

Table 2 
Number and types of unacceptable specimens during the study periods.  

Error type March-June 2019 March-June 2020 

Clotted specimen 3 5 
Collection error 3 3 
Hemolyzed specimen 10 12 
IV contamination 1 0 
Laboratory accident 4 1 
Laboratory order error 3 8 
Quantity not sufficient 6 2 
Specimen expired 2 1 
Total 32 32  
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patient visits during the first weeks of the pandemic. This resulted in a 
marked decrease in clinical volume in the stat laboratory from the last 2 
weeks in March through the month of April, with a subsequent increase 
in volume beginning in May. This phenomenon has been reported by 
others [15]. 

We also compared the numbers and types of preanalytical errors 
from the peak months of the pandemic to those reported in the same 
months in 2019. The error rate was similar for both periods, with errors 
accounting for 0.22% of specimens in March-June 2019 compared to 
0.24% for the comparable period in 2020. A specific pattern of error was 
not identified. Although it is difficult to draw conclusions about the 
effects of biosafety enhancements on preanalytical errors due to the low 
frequency of these errors, these data suggest that preanalytical errors 
were not markedly different in 2020 compared to 2019. The distribution 
of preanalytical errors differs from that described by Narula et al, in 
their survey of preanalytical errors in a tertiary care medical center 
laboratory, in which inadequate sample-to-anticoagulant ratio, insuffi-
cient sample for analysis, and incomplete requisitions were the main 
error types [16]. The overall error rate was within the range of previ-
ously reported studies [16–20]. 

There were a few limitations to this study. These included the 
retrospective study design and the fact that data were derived from a 
single institution. Although the data were derived from a patient pop-
ulation consisting of largely elderly individuals with cancer, we believe 
that this information may be generalizable to other populations. 

5. Conclusion: 

The purpose of this study was to explore a knowledge gap in the 
existing medical literature regarding the degree to which changes in the 
operation of a clinic and laboratory to minimize patient and employee 
exposure to COVID-19 impact laboratory quality metrics. Our findings 
support our hypothesis that the implementation of these changes would 
not significantly impact laboratory quality as measured using these 
metrics despite an overall increase in laboratory volume in the last 
month of the study period. We conclude that this plan can be success-
fully re-introduced in the event of a second wave of SARS-CoV-2 in-
fections or similar infectious disease outbreak, and that our plan may be 
generalizable for use in stat laboratories that serve a population with a 
high fraction of at-risk co-morbidities. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgments 

None. 
Research funding: None declared. 
Author contributions: All authors have accepted responsibility for 

the entire content of this manuscript and approved its submission. 

References 

[1] T.P. Loh, A.R. Horvath, C.B. Wang, D. Koch, K. Adeli, N. Mancini, M. Ferrari, 
R. Hawkins, S. Sethi, G. Lippi, et al., Operational considerations and challenges of 
biochemistry laboratories during the COVID-19 outbreak: an IFCC global survey, 
Clin Chem Lab Med 58 (9) (2020) 1441–1449. 

[2] R. Bell, G. Zini, G. d’Onofrio, H.J. Rogers, Y. Lee, J.L. Frater, The hematology 
laboratory’s response to the COVID-19 pandemic: a scoping review, Int J Lab 
Hematol (2020), https://doi.org/10.1111/ijlh.13381. 

[3] S.P. Stawicki, R. Jeanmonod, A.C. Miller, L. Paladino, D.F. Gaieski, A.Q. Yaffee, 
A. De Wulf, J. Grover, T.J. Papadimos, C. Bloem, et al., The 2019–2020 Novel 
Coronavirus (Severe Acute Respiratory Syndrome Coronavirus 2) Pandemic: A 
Joint American College of Academic International Medicine-World Academic 
Council of Emergency Medicine Multidisciplinary COVID-19 Working Group 
Consensus Paper, J Glob Infect Dis 12 (2) (2020) 47–93. 

[4] J.A. Aries, J.K. Davies, R.L. Auer, S.L. Hallam, S. Montoto, M. Smith, B. Sevillano, 
V. Foggo, B. Wrench, K. Zegocki, et al., Clinical outcome of coronavirus disease 
2019 in haemato-oncology patients, Br J Haematol 190 (2) (2020) e64–e67. 

[5] V. Mehta, S. Goel, R. Kabarriti, D. Cole, M. Goldfinger, A. Acuna-Villaorduna, 
K. Pradhan, R. Thota, S. Reissman, J.A. Sparano, et al., Case Fatality Rate of Cancer 
Patients with COVID-19 in a New York Hospital System, Cancer Discov 10 (7) 
(2020) 935–941. 

[6] M.S. Infante, Y.M.I. Gonzalez-Gascon, C. Munoz-Novas, J. Churruca, M. 
A. Foncillas, E. Landete, K. Marin, P. Ryan, J.A. Hernandez-Rivas, COVID-19 in 
patients with hematological malignancies: A retrospective case series, Int J Lab 
Hematol 42 (6) (2020) e256–e259, https://doi.org/10.1111/ijlh.13301. 

[7] R. Barba, C. Rosado, J. Pardo-Moreno, J. Rey-Biel, Managing People, Roles, and 
Resources During Covid-19 Surge, NEJM Catalyst (2020), https://doi.org/ 
10.1056/CAT.20.0152. 

[8] N. de Jonge, R. Herpers, M. Roelofs, E. van Dongen, Blood sampling after COVID- 
19 - How to organize large scale phlebotomy services in the post SARS CoV-2 era, 
Clin Chem Lab Med 58 (9) (2020) e155–e157. 

[9] J. Willan, A.J. King, K. Jeffery, N. Bienz, Challenges for NHS hospitals during 
covid-19 epidemic, BMJ 368 (2020), m1117. 

[10] J. Willan, A.J. King, S. Hayes, G.P. Collins, A. Peniket, Care of haematology 
patients in a COVID-19 epidemic, Br J Haematol 189 (2) (2020) 241–243. 

[11] A. Jain, C. Singh, R. Dhawan, N. Jindal, R. Mohindra, D. Lad, G. Prakash, 
A. Khadwal, V. Suri, A. Bhalla, et al., How to Use a Prioritised Approach for 
Treating Hematological Disorders During the COVID-19 Pandemic in India? Indian 
J Hematol Blood Transfus (2020) 1–11. 

[12] I. Lapic, S. Komljenovic, J. Knezevic, D. Rogic, COVID-19 Pandemic Once Again 
Exposes the Weakest Link in Laboratory Services: Specimen Delivery, Lab Med 51 
(6) (2020) e83–e86, https://doi.org/10.1093/labmed/lmaa081. 

[13] D.P. Oran, E.J. Topol, Prevalence of Asymptomatic SARS-CoV-2 Infection : A 
Narrative Review, Ann Intern Med 173 (5) (2020) 362–367. 

[14] C.Y. Lim, M.K. Bohn, G. Lippi, M. Ferrari, T.P. Loh, K.Y. Yuen, K. Adeli, A. 
R. Horvath, COVID ITFo: Staff rostering, split team arrangement, social distancing 
(physical distancing) and use of personal protective equipment to minimize risk of 
workplace transmission during the COVID-19 pandemic: A simulation study, Clin 
Biochem (2020), https://doi.org/10.1016/j.clinbiochem.2020.09.003. 

[15] A. Kaplan, D. O’Neill, COVID-19 and Healthcare’s Productivity Shock, NEJM 
Catalyst (2020), https://doi.org/10.1056/CAT.20.0199. 

[16] A. Narula, S.K. Yadav, A. Jahan, A. Verma, A. Katyal, P. Anand, S.K. Pruthi, 
N. Sarin, R. Gupta, S. Singh, Pre-analytical error in a hematology laboratory: an 
avoidable cause of compromised quality in reporting, Clin Chem Lab Med 57 (10) 
(2019) e262–e264. 

[17] D.S. Grecu, D.C. Vlad, V. Dumitrascu, Quality indicators in the preanalytical phase 
of testing in a stat laboratory, Lab Med 45 (1) (2014) 74–81. 

[18] A.M. Simundic, N. Nikolac, I. Vukasovic, N. Vrkic, The prevalence of preanalytical 
errors in a Croatian ISO 15189 accredited laboratory, Clin Chem Lab Med 48 (7) 
(2010) 1009–1014. 

[19] P. Carraro, M. Plebani, Errors in a stat laboratory: types and frequencies 10 years 
later, Clin Chem 53 (7) (2007) 1338–1342. 

[20] A. Romero, M. Munoz, J.R. Ramos, A. Campos, G. Ramirez, Identification of 
preanalytical mistakes in the stat section of the clinical laboratory, Clin Chem Lab 
Med 43 (9) (2005) 974–975. 

J.L. Frater and J. Anderson                                                                                                                                                                                                                   

http://refhub.elsevier.com/S0009-8981(20)30554-4/h0005
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0005
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0005
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0005
https://doi.org/10.1111/ijlh.13381
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0015
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0015
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0015
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0015
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0015
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0015
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0020
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0020
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0020
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0025
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0025
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0025
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0025
https://doi.org/10.1111/ijlh.13301
https://doi.org/10.1056/CAT.20.0152
https://doi.org/10.1056/CAT.20.0152
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0040
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0040
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0040
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0045
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0045
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0050
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0050
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0055
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0055
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0055
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0055
https://doi.org/10.1093/labmed/lmaa081
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0065
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0065
https://doi.org/10.1016/j.clinbiochem.2020.09.003
https://doi.org/10.1056/CAT.20.0199
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0080
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0080
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0080
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0080
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0085
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0085
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0090
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0090
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0090
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0095
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0095
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0100
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0100
http://refhub.elsevier.com/S0009-8981(20)30554-4/h0100

