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Abstract

Introduction: Following a pandemic, laboratory medicine is vulnerable to laboratory errors due to the stressful and high workloads. We aimed to
examine how laboratory errors may arise from factors, e.g., flexible working order, staff displacement, changes in the number of tests, and samples
will reflect on the total test process (TTP) during the pandemic period.

Materials and methods: In 12 months, 6 months before and during the pandemic, laboratory errors were assessed via quality indicators (Qls) rela-
ted to TTP phases. QIs were grouped as pre-, intra- and postanalytical. The results of Qls were expressed in defect percentages and sigma, evaluated
with 3 levels of performance quality: 25, 50t and 75! percentile values.

Results: When the pre- and during pandemic periods were compared, the sigma value of the samples not received was significantly lower in pre-
pandemic group than during pandemic group (4.76 vs. 5.40, P = 0.003). The sigma values of samples transported inappropriately and haemolysed
samples were significantly higher in pre-pandemic period than during pandemic (5.0 vs. 4.96, 4.30 vs. 4.10; P = 0.046 and P = 0.044, respectively).
Sigma value of tests with inappropriate 1QC performances was lower during pandemic compared to the pre-pandemic period (3.30 vs. 3.2, P =
0.081). Sigma value of the reports delivered outside the specified time was higher during pandemic than pre-pandemic period (3.00 vs. 3.10, P =
0.030).

Conclusion: In all TTP phases, some quality indicators improved while others regressed during the pandemic period. It was observed that prea-
nalytical phase was affected more by the pandemic.
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Introduction

Cases of COVID-19 were reported in more than
one hundred countries throughout the world and
has resulted in a pandemic (1,2). As the whole
world continues to fight the coronavirus, the epi-
demic poses a challenge for individuals, communi-
ties, as well as health systems, healthcare profes-
sionals, and laboratories (3). Clinical laboratory
owns critical roles in managing COVID-19. Labora-
tory tests are used for diagnosing, prognosticat-
ing, and therapeutic monitoring of COVID-19 (4-9).

Although the importance of laboratory medicine in
the healthcare system was emphasized with the
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pandemic, laboratory testing is a quite complex
process (4). The total testing process (TTP) involves
several steps, each of which can cause errors. Errors
in laboratory testing have a substantial influence on
patient outcomes (10,11). In laboratory practice, the
TTP is classified into three essential phases: pre-ana-
lytical, analytical, and postanalytical steps (12). Qual-
ity indicators (Qls) are recognized as cornerstone
tools for the quality of laboratory systems that can
be measured to evaluate each step of TTP. The use
of Qls in laboratory medicine enables to identify of
error rates and reduce or prevent error risks regard-
ing to patient safety (13,14).
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Natural disasters involving earthquakes, tsunamis,
fire, or epidemics usually cause health, and safety
difficulties (15). During the pandemic period labo-
ratory errors may occur due to various factors such
as flexible working order applied in the laboratory
with the pandemic, staff shifting to different de-
partments, insufficient number of staff due to
COVID-19 infection, change of device users, stress-
ful and increased workload, need for additional
devices in view of an increased number of re-
quests in some test groups, and increased panic
values derive from patients with COVID-19 were
considered. When faced with environmental fac-
tors such as pandemics and natural disasters, there
is almost no study done on what kind of problems
can arise in clinical laboratories (16,17). This study
aimed to examine how laboratory errors that may
arise from factors such as flexible working order,
staff displacement, changes in the number of
tests, and samples will reflect on the TTP during
the pandemic period.

Material and Methods
Study design

The study was conducted in Turkey’s largest hospi-
tal pandemic. In order to examine the effect of the
pandemic on the total test process, a total of 12
months, 6 months before the pandemic, and 6
months after the pandemic onset, were evaluated
using Qls. COVID-19 was declared a pandemic by
the World Health Organization (WHO) on March 11,
2020, when the first case was seen in our country.
For this reason, in our study, the month of March
2020 was accepted as the beginning of the pan-
demic, and laboratory errors in the TTP of 6 months
before March 2020 and 6 months after March 2020
were analysed. Data were collected retrospectively
from the electronic laboratory information man-
agement system. In our hospital, laboratory errors
in TTP are regularly recorded. Parameters in preana-
lytical, analytical, and postanalytical processes are
evaluated monthly by laboratory experts. In addi-
tion, regulatory preventive actions are organized
when necessary. All these data can be accessed
from the electronic laboratory information man-
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agement system. Data on quality indicators are
transmitted monthly to the quality unit of our hos-
pital by laboratory quality officers. The hospital
quality unit periodically conducts in-hospital quali-
ty control. Moreover, productivity and quality con-
trol to all hospitals and laboratories in Turkey is car-
ried out twice a year by the health ministry.

Quality indicators were chosen from a common
model of Qls set by the International Federation of
Clinical Chemistry and Laboratory Medicine (IFCC)
(13,18,19). Qls were categorized in accordance with
the main TTP phases as shown in Table 1. Data on
inappropriate testing requests were collected in
close collaboration with clinicians. Samples with

TasLE 1. Quality indicators selected for the study

Preanalytical phase

Misidentification errors:
Misidentified requests (Pre-MisR)
Misidentified samples (Pre-MisS)

Inappropriate test requests (Pre-OffDE)

Incorrect sample type:
Wrong or inappropriate type of samples (Pre-WroTy)

Samples collected in wrong container (Pre-WroCo)

Incorrect fill level (Pre-InsV)

Unsuitable samples for transportation and storage problems:
Samples not received (Pre-NotRec)
Samples transported inappropriately (Pre-DamS)

Samples with excessive transportation time (Pre-ExcTim)

Sample haemolysed (Pre-Heml)

Samples clotted (Pre-Clot)

Analytical phase

Test covered by an EQA-PT control (Intra-EQA):

Unacceptable performances in EQA-PT schemes
(Intra-Unac)

Test with inappropriate IQC performances (Intra-Var)

Postanalytical phase

Critical values notification:
Critical values notified successfully (Post-SucCV)

Critical values notified within a consensually agreed time
(Post-InpCv and Post-OutCV)

Inappropriate turnaround times (Post-OutTime)
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free haemoglobin (Hb) were detected by automat-
ed haemolytic index (PreHeml). The inappropri-
ateness of sample transportation refers to samples
that are damaged during transportation (pre-
DamS). The study procedure was set in accordance
with the basis of the Helsinki Declaration and con-
firmed by the local ethics board.

Statistical analysis

The results of the Qls were stated as in percentage
(%) and sigma value. Sigma levels were calculated
using Six Sigma calculators (20). The results of de-
fect percentages and sigma values were present-
ed as three levels of performance quality: 25,
50, and 75th percentile. The 25t percentile ex-
hibits the best performance (high); the 50t per-
centile exhibits the common performance, and
the 75t percentile exhibits the worst performance
(13). In our study, 6 months before the pandemic
were considered as a group and 6 months after
the pandemic onset (during a pandemic) as a sep-
arate group. To compare differences among
groups Student’s t-test or Mann Whitney U test
were applied. All the statistical calculations were
conducted using the Statistical Package for Social
Sciences (SPSS) software program (v.22; IBM, Ar-
monk, NY) and a P<0.05 was established statisti-
cally significant for all analyses.

Results
Qls related to preanalytical phase

While an average of 8 tests were requested from 1
sample in the pre-pandemic period, this value was
13 during the pandemic. Defect percentages and
sigma values related to pre-analytical phase were
presented in Table 2 and Figure 1. The median de-
fect percentages of these Qls range from 0.005%
(misidentified requests) to 1.165% (anticoagulant
samples clotted) for the pre-pandemic period and
0.002% (misidentified requests) to 1.198% (antico-
agulant samples clotted) during pandemic. Mean-
while, median sigma values of the eleven Qls were
all above 4.00 except anticoagulant samples clot-
ted both for the pre-pandemic period and during
the pandemic group (3.80, and 3.90, respectively).
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While defect percentages of 6 of the 11 Qls (misi-
dentified samples, inappropriate test requests, in-
correct sample type, incorrect fill level, samples
transported inappropriately, sample haemolysed)
were found to have increased and sigma values
were decreased during pandemic compared to
the pre-pandemic. Among the 11 preanalytical
Qls, only 2 defect percentages of them (misidenti-
fied requests and samples not received) were ob-
tained to have decreased and sigma values were
increased during pandemic compared to the pre-
pandemic. Furthermore, defect percentages and
sigma values of the 3 Qls (samples collected in the
wrong container, samples with excessive transpor-
tation time, and anticoagulant samples clotted)
were almost the same before and during the pan-
demic. In addition to these, when the pre- and
during pandemic periods were compared, the de-
fect percentage of the samples not received was
significantly higher and the sigma value of the
samples not received was significantly lower in
pre-pandemic group than during the pandemic
group (P = 0.006, P = 0.003, respectively). The de-
fect percentage of the samples transported inap-
propriately was lower and the sigma value of the
samples transported inappropriately was higher in
pre-pandemic period than during the pandemic
period (P = 0.004, P = 0.046, respectively). Also, the
defect percentage of the haemolysed samples
were significantly higher and the sigma value of
the haemolysed samples were significantly lower
during the pandemic period than the pre-pan-
demic period (P = 0.048, P = 0.044, respectively).

Qls related to analytical phase

The QlIs related to the analytical phase listed in Ta-
ble 3. Although the defect percentage of a num-
ber of unacceptable performances in External
Quality Assessment or Proficiency Testing (EQA-
PT) schemes during the pandemic period was
higher and the sigma value of the unacceptable
performances in EQA-PT schemes were lower
compared to the pre-pandemic period, the differ-
ences between them were not significant (P =
0.317, P = 0.936, respectively) (Table 3). As with un-
acceptable performances in EQA-PT schemes, the
defect percentage of tests with inappropriate in-
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TasLE 2. Quality indicators reflecting preanalytical phase from pre- and during pandemic periods

Defect percentages, % Sigma values
25th 50th 75th  25th 50th 75th

Code Quality indicators Period

Misidentification errors

Percentage of number of Pre-pandemic 0.002 0.005 0.008 53 5.5 57 0.423"
Pre-MisR misidentified requests/total . . N
number of requests During pandemic  0.002  0.002  0.005 5.3 5.6 5.7 0.418
Percentage of number of Pre-pandemic ~ 0.008 0.010  0.015 5.2 53 53 0.200"
Pre-MisS misidentified samples/total

number of samples During pandemic  0.011 0.017  0.020 5.1 5.1 5.2 0.186"

Inappropriate test requests

Percentage of number of Pre-pandemic ~ 0.044  0.051  0.059 4.8 49 5.0 0.150"
Pre-OffDE inappropriate requests/total
number of requests

During pandemic 0.046 0.087  0.140 4.6 4.7 4.8 0.061%

Incorrect sample type

Percentage of number of samples  Pre-pandemic 0.312 0421 0.593 4.1 4.2 4.3 0.521"
Pre-WroTy of wrong or inappropriate type/
total number of samples

During pandemic 0.267 0.82 1445 37 4.0 43  0.287F

Pre-pandemic 0.076  0.091 0.096 4.7 4.7 4.7 0.199"

Percentage of number of samples
Pre-WroCo collected in wrong container/total

number of samples During pandemic 0.064 0.076  0.104 4.7 4.8 480  0.207F

Incorrect fill level

Percentage of number of samples  Pre-pandemic 0.262 0.288 0.924 39 4.3 4.3 0.261"
Pre-InsV with insufficient sample volume/
total number of samples

During pandemic  0.566  0.719  0.927 3.9 4.0 4.1 0.254%

Unsuitable samples for transportation and storage problems
Percentage of number of samples  Pre-pandemic 0.060 0.072 0.092 4.7 4.7 49 0.006"
Pre-NotRec not received/total number of
samples
Percentage of number of samples  Pre-pandemic 0.015 0.027 0.032 5.0 5.0 53 0.004"
Pre-DamS  transported inappropriately/total
number of samples
Percentage of number of samples  Pre-pandemic 0.007 0.008 0.013 5.2 5.3 54 0.810"
Pre-ExcTim with excessive transportation
time/total number of samples

During pandemic  0.005 0.007 0.018 5.2 54 54 0.003f

During pandemic  0.042 0.045 0.054 4.8 49 49 0.046t

During pandemic 0.006  0.007  0.019 5.2 54 54 0.935%

Sample haemolysed
Percentage of number of Pre-pandemic 0.211  0.364 0.586 4.1 43 4.4 0.048"
haemolysed samples (clinical

chemistry)/total number of During pandemic 0461 0.628 0764 4.0 4.1 42  0.044t
samples (clinical chemistry)

Pre-Heml

Samples clotted

Percentage of number of samples ~ Pre-pandemic 1.014 1165  1.179 3.8 3.8 3.9 0.630"
Pre-Clot clotted /total number of samples
with an anticoagulant

During pandemic 0.820 1.198  1.373 3.8 39 4.0 0.727%

P < 0.05 statistically significance. *statistically significant difference of defect percentages between study periods. *statistically
significant difference of sigma values between study periods.
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lysed”, “Samples not received”, and “Samples transported inappropriately” from six months before pandemic (March 2020 is recog-
nized as beginning of pandemic) to six months after pandemic onset.

TasLe 3. Quality indicators reflecting analytical phase from pre- and during pandemic periods

Defect percentages, % Sigma value
25th 50th 75th 25th 50th 75th

Code Quality indicators Period

Test covered by an EQA-PT control

Percentage of number of tests Pre-pandemic 100 100 100 6.0 6.0 6.0 0.999"
with EQA-PT control/total number During pandemic

of tests available in an EQA-PT 100 100 100 6.0 6.0 6.0 0.999t
provider

Intra-EQA

Unacceptable performances in EQA-PT schemes

Percentage of number of Pre-pandemic 0712 0.832 0913 39 39 40 0317
unacceptable performances in

EQA-PT schemes/total number of During pandemic
performances in EQA schemes

Intra-Unac
1.007 1.118 1.294 3.8 3.8 3.8 0.936"

Test with inappropriate IQC performances

Percentage of number of tests Pre-pandemic 2.78 4.25 591 3.1 33 34 0.699"

with CV% higher than selected 1y |1 ohdemic 309 638 694 30 32 33 0081
target/total number of tests with

CV% known

Intra-Var

P < 0.05 statistically significance. “statistically significant difference of defect percentages between study periods. fstatistically
significant difference of sigma values between study periods. EQA — External Quality Assessment. EQA-PT — External Quality
Assessment or Proficiency Testing. IQC — internal quality control. CV - coefficient of variation.
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ternal quality control (IQC) performances was
higher during the pandemic period compared to
the pre-pandemic period, while the sigma value
was lower. However, when the two periods were
compared, no significant difference was found for
this quality indicator (P = 0.699, P = 0.081, respec-
tively).

Qls related to post-analytical phase

The selected Qls related to the post-analytical
phase are shown in Table 1. While the critical value
rate was 0.0996% before the pandemic, it was
0.1014% during the pandemic. Defect percentages
and sigma values related to the post-analytical
phase were presented in Table 4. There was no dif-
ference in the number of critical values successful-
ly reported between the pre-pandemic and dur-
ing pandemic periods (P = 1.000). Although the
defect percentage and the sigma value of the criti-
cal values notified within a consensually agreed
time decreased during pandemic compared to the
pre-pandemic period, the difference between
them was not significant (P = 0.631, P = 0.476, re-
spectively). The defect percentage of the reports
delivered outside the specified time was lower
and the sigma value of the reports delivered out-

side the specified time was higher during the pan-
demic than the pre-pandemic period (P = 0.004, P
= 0.030, respectively).

Discussion

In this study, we examined the response of the to-
tal testing process in laboratory medicine to the
COVID-19 pandemic depending on possible labo-
ratory errors related to changes in laboratory pro-
cess during the pandemic period. We sought an
answer to the question of how the COVID-19 out-
break affected the TTP by comparing quality indi-
cators in the pre-pandemic period with during the
pandemic. Certain effects of the COVID-19 pan-
demic on the TTP were noted. In all TTP phases,
some quality indicators improved while others re-
gressed during the pandemic.

The COVID-19 pandemic continues to spread the
whole world and poses a threat to communities
and health systems (21). Due to the increasing
number of SARS-CoV-2 cases, the high workload of
the laboratory staff, and the enhanced pressure,
the laboratory test process is sensitive to errors
(22). Errors in laboratory testing can lead to critical
influence on patient care. To monitor errors in TTP,

TasLE 4. Quality indicators reflecting postanalytical phase from pre- and during pandemic periods

Code Quality indicators

Period

Defect percentages, %
25th 50th 75th 25th 50th 75th

Sigma value

Critical values notification

Percentage of number of critical Pre-pandemic 100 100 100 6.0 6.0 6.0 0.999"
Post-SucCV values notlﬁgc! successfully/total
number of critical values need to  puring pandemic 100 100 100 60 60 60 0999
communicate
Percentage of number of Pre-pandemic 9634 9875 9902 37 38 38 0631
Post-InpCV critical values notified within a
and consensually agreed time/total
Post_OutCV  number of critical values need to  During pandemic  95.89  97.72  98.17 3.6 3.6 3.7  0476F
communicate
Inappropriate turnaround times
Post-Out Percentage of numberofreports  pre_pandemic 793 842 896 29 30 30 0004
Time delivered outside the specified
time/total number of reports During pandemic  5.57 6.81 7.07 3.0 3.1 3.2 0.030f

P < 0.05 statistically significance. *statistically significant difference of defect percentages between study periods. fstatistically
significant difference of sigma values between study periods. CV - coefficient of variation.
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Qls are used in clinical laboratories (23). When
faced with natural disasters such as epidemics,
tsunamis, earthquakes, we do not have much in-
formation about what awaits us in clinical labora-
tory medicine. To the best of our knowledge, no
prior report related to the effect of the COVID-19
pandemic on TTP has been published.

Certain quality indicators improved while others
regressed during the pandemic period. Since most
of the patients who come after the pandemic are
SARS-CoV-2 infected, the number of misidentified
requests may have decreased due to the request
made in the test panel determined specifically for
them. There were deteriorations in the perfor-
mances of misidentified samples and inappropri-
ate test requests after the pandemic. This may
have resulted from sampling with minimal contact
in @ minimum time due to increased workload and
contamination risk. The rise of errors in process re-
garded with wrong or inappropriate sample type
can be due to an increase in the requests of the
coagulation tests during the pandemic period. Al-
though the total number of tests before and dur-
ing the pandemic is almost the same, the number
of tests run from one sample has increased consid-
erably, causing enhanced rejection of insufficient
sample volume. The performance of samples not
received was significantly improved from the pre-
pandemic period to during the pandemic. This is
most likely due to the low number of samples dur-
ing the pandemic. There was a significantly wors-
ening in the performance of samples transported
inappropriately. This worsening may be the result
of the insufficient number of staff during the pan-
demic. During the pandemic, healthcare staff may
also be temporarily moved from one unit to an-
other in the hospital. Also, there was a large num-
ber of blood collection staff who had a confirmed
SARS-CoV-2 infection and had to stay under treat-
ment and take a break from their duties. The use
of syringes increased when the holder became in-
sufficient in blood collection because of the dis-
ruptions in the supply chain during the pandemic
and all these may have an impact on the enhanced
rate of the samples haemolysed.

The error rates of the intra-analytical phase vary
from before pandemic to during pandemic. Al-

https://doi.org/10.11613/BM.2021.020713

though the number of unacceptable performanc-
es in EQA-PT schemes increased slightly during
the pandemic, this increase was not significant.
The defect percentage of the tests with inappro-
priate IQC performances was found to be higher
during the pandemic. The temporary movement
of laboratory staff from one laboratory to another
(e.g., from biochemistry to a virology laboratory),
flexible working application in the laboratory,
need for additional equipment up to the excessive
increase in some parameters, additional personnel
need, and device user changes may have led to an
increase in manual laboratory errors. These results
indicate that there is a need for improvement in
the analytical process.

Decreased errors in the post-analytical process
promote and improve the patient’s safety. Since
our hospital is a pandemic hospital, the slight de-
crease in the number of critical values notified
within a consequently agreed time during the
pandemic may be due to the increase in critical
value rates with the effect of COVID-19 patients.
The decrease in the number of samples reaching
the laboratory during the pandemic period and
the excessive effort of the laboratory staff during
the pandemic process may have developed the
performance of turnaround times. In order to con-
tribute to patient care, the quality in the post-ana-
lytical phase should be improved and monitored.

Lippi et al. have been identified the potential pre-
analytical and analytical susceptibilities in the lab-
oratory diagnosis of COVID-19 to reduce the risk of
diagnostic errors and to improve diagnostic accu-
racy (22). The authors mentioned that the suscep-
tibility of laboratory medicine is greatly increased
when staff are forced to work in high-productivity
environments to face high workloads and are
forced to work under severe pressure with the in-
creasing number of positive cases of SARS-CoV-2
requiring comprehensive health support (22). Sim-
ilarly, we identified laboratory errors caused by
high workloads and severe pressure during the
pandemic process. Taylor et al. have evaluated the
effects of an earthquake on turnaround times
(TATs) at a laboratory (24). They have found in-
creased registration and transport time of the po-
tassium test, but no significant impact was ob-
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served regarding their analysis time. On the con-
trary, in our study, due to the decreased sample
number, a decrease was observed in the turna-
round time during the pandemic compared to the
period before the pandemic. Lyon et al. applied
simulation models to estimate test capacity during
the COVID-19 pandemic (25). They simulated six
workload conditions. In this study, the 90% per-
centile TATs are expected to remain stable until
the analytical system’s maximum throughput is
overcome (25). One disadvantage of this simula-
tion can be that parameters such as the number of
laboratory staff and adaptation to excessive work-
load cannot be evaluated. However, in our study,
we can clearly see the effects of all parameters
such as staff and workload during the pandemic
period.

However, there were certain limitations in this
study. Firstly, more than 17 Qls could be used to
assess the impact of the COVID-19 outbreak on the
TTP. Though, the choice of these 17 Qls was widely
based upon the power of a comprehensive evalu-
ation of the most error-inclined testing process
and their potential impact on patient safety. Sec-
ondly, the performance level of Qls of other clini-
cal laboratories of pandemic hospitals could be in-
cluded in the investigation, and data from all pan-
demic hospitals could be compared.

References

1. Wu D, Wu T, Liu Q Yang Z. The SARS-CoV-2 outbreak:
What we know. Int J Infect Dis. 2020;94:44-8. https://doi.
0rg/10.1016/].ijid.2020.03.004

2. Petersen E, Koopmans M, Go U, Hamer DH, Petrosillo N, Ca-
stelli F, et al. Comparing SARS-CoV-2 with SARS-CoV and in-
fluenza pandemics. Lancet Infect Dis. 2020;20:e238-e244.
https://doi.org/10.1016/51473-3099(20)30484-9

3. Chakraborty I, Maity P. COVID-19 outbreak: Migration,
effects on society, global environment and prevention Sci
Total Environ. 2020;728:138882. https://doi.org/10.1016/j.
scitotenv.2020.138882

4. Bohn MK, Lippi G, Horvath A, Sethi S, Koch D, Ferrari M, et al.
Molecular, serological, and biochemical diagnosis and mo-
nitoring of COVID-19: IFCC taskforce evaluation of the latest
evidence Clin Chem Lab Med. 2020;58:1037-52. https.//doi.
0rg/10.1515/cclm-2020-0722

Biochem Med (Zagreb) 2021,31(2):020713

In conclusion, in all TTP phases, some quality indi-
cators improved while others regressed during the
pandemic period. The maximum variation in the
performance of Qls was observed in the pre-ana-
lytical phase. The most notable alteration seen in
the pre-analytical phase was unsuitable samples
for transportation and storage problems. The
most remarkable effect of the COVID-19 outbreak
in the post-analytical phase was the reduction of
turnaround times.

This research highlights the areas that need devel-
opment when faced with natural disasters such as
viral pandemics. While the availability of test rea-
gents, laboratory equipment, and qualified labora-
tory staff is important, stress and increased work-
load during the crisis also make laboratory medi-
cine susceptible to laboratory errors. So, the take-
home message here is, detecting laboratory er-
rors, correcting them, and taking timely action is
very important in achieving control of the crisis.
Monitoring laboratory errors with Qls is likely to
take measures to manage future crises. Laborato-
ries should have plans of action for several predic-
aments. Education for the pandemic procedures
should be standard procedure in laboratory medi-
cine and laboratory staff should be aware of nec-
essary procedures.

Potential conflict of interest

None declared.

5. Lippi G, Plebani M. The critical role of laboratory medicine
during coronavirus disease 2019 (COVID-19) and other viral
outbreaks. Clin Chem Lab Med. 2020;58:1063-9. https.//doi.
org/10.1515/cclm-2020-0240

6. Henry BM, Santos de Oliveira MH, Benoit S, Plebani M, Lippi
G. Hematologic, biochemical and immune biomarker ab-
normalities associated with severe illness and mortality in
coronavirus disease 2019 (COVID-19): a meta-analysis. Clin
Chem Lab Med. 2020;58:1021-8. https://doi.org/10.1515/
cclm-2020-0369

7. Tay MZ, Poh CM, Renia L, MacAry PA, Ng LFP. The trinity of
COVID-19: immunity, inflammation and intervention. Na-
ture reviews Immunology. 2020;20:363-374. https://doi.
org/10.1038/5s41577-020-0311-8

https://doi.org/10.11613/BM.2021.020713

8


https://doi.org/10.1016/j.ijid.2020.03.004
https://doi.org/10.1016/j.ijid.2020.03.004
https://doi.org/10.1016/j.scitotenv.2020.138882
https://doi.org/10.1016/j.scitotenv.2020.138882
https://doi.org/10.1515/cclm-2020-0722
https://doi.org/10.1515/cclm-2020-0722
https://doi.org/10.1515/cclm-2020-0240
https://doi.org/10.1515/cclm-2020-0240
https://doi.org/10.1515/cclm-2020-0369
https://doi.org/10.1515/cclm-2020-0369
https://doi.org/10.1038/s41577-020-0311-8
https://doi.org/10.1038/s41577-020-0311-8

ErenF. etal.

Total testing process in COVID-19

10.

11.

12.

13.

14.

15.

16.

17.

Frater JL, Zini G, d’Onofrio G, Rogers HJ. COVID-19 and
the clinical hematology laboratory. Int J Lab Hematol.
2020;42:11-18. https.//doi.org/10.1111/ijlh.13229
Al-Samkari H, Karp Leaf RS, Dzik WH, Carlson JCT, Foger-
ty AE, Waheed A, et al. COVID-19 and coagulation: blee-
ding and thrombotic manifestations of SARS-CoV-2 infec-
tion. Blood. 2020;136:489-500. https://doi.org/10.1182/blo-
0d.2020006520

Plebani M. Errors in clinical laboratories or errors in labora-
tory medicine? Clin Chem Lab Med. 2006;44:750-9. https://
doi.org/10.1515/CCLM.2006.123

Plebani M. The detection and prevention of errors in labo-
ratory medicine. Ann Clin Biochem. 2010;47:101-10. https://
doi.org/10.1258/acb.2009.009222

Plebani M, Sciacovelli L, Aita A. Quality Indicators for the To-
tal Testing Process. Clin Lab Med. 2017;37:187-205. https://
doi.org/10.1016/}.cll.2016.09.015

Sciacovelli L, Lippi G, Sumarac Z, West J, Garcia Del Pino Ca-
stro |, Furtado Vieira K, et al. Quality Indicators in Labora-
tory Medicine: the status of the progress of IFCC Working
Group “Laboratory Errors and Patient Safety” project. Clin
Chem Lab Med. 2017;55:348-57. https://doi.org/10.1515/
cclm-2016-0929

Sciacovelli L, Plebani M. The IFCC Working Group on labora-
tory errors and patient safety. Clin Chim Acta. 2009;404:79-
85. https://doi.org/10.1016/j.cca.2009.03.025

Lippi G, Favaloro EJ, Plebani M. Laboratory medicine and
natural disasters: are we ready for the challenge? Clin
Chem Lab Med. 2010;48:573-5. https://doi.org/10.1515/
CCLM.2010.148

Taylor K, George P, Deely JM. Laboratory turnaround times
in response to an abrupt increase in specimen testing after
a natural disaster. Am J Clin Pathol. 2014;142:35-42. https.//
doi.org/10.1309/AJCPIM9KKT2HVALL

Bersch C. Disasters: where they find us. Clin Chem Lab Med.
2010;48:599-602. https://doi.org/10.1515/CCLM.2010.147

https://doi.org/10.11613/BM.2021.020713

18.

19.

20.

21.

22.

23.

24.

25.

Sciacovelli L, Lippi G, Sumarac Z, Del Pino Castro IG, Ivanov
A, De Guire V, et al. Pre-analytical quality indicators in labo-
ratory medicine: Performance of laboratories participating
in the IFCC working group “Laboratory Errors and Patient
Safety” project. Clin Chim Acta. 2019;497:35-40. https.//doi.
org/10.1016/j.cca.2019.07.007

Sciacovelli L, Panteghini M, Lippi C, Sumarac Z, Cadamuro J,
De Olivera Galoro CA, et al. Defining a roadmap for harmo-
nizing quality indicators in Laboratory Medicine: a consen-
sus statement on behalf of the IFCC Working Group “Labo-
ratory Error and Patient Safety” and EFLM Task and Finish
Group “Performance specifications for the extra-analytical
phases” Clin Chem Lab Med. 2017;55:1478-88. https://doi.
0rg/10.1515/cclm-2017-0412

Westgard JO. The Six Sigma calculators. Available at:
https://www.westgard.com/six-sigma-calculators.htm
Accessed December 2nd 2020.

Erel O, Neselioglu S, Ergin Tuncay M, Firat Oguz E, Eren F,
Akkus MS, et al. A sensitive indicator for the severity of CO-
VID-19: Thiol. Turk J Med Sci. 2020 Dec 11. [Epub ahead of
print]. https://doi.org/10.3906/sag-2011-139

Lippi G, Simundic AM, Plebani M. Potential preanalytical
and analytical vulnerabilities in the laboratory diagnosis of
coronavirus disease 2019 (COVID-19). Clin Chem Lab Med.
2020;58:1070-6. https.//doi.org/10.1515/cclm-2020-0285
Duan M, Ma X, Fan J, Guo Y, Wang W, Zhao H, et al. Natio-
nal surveys on 15 quality indicators for the total testing pro-
cess in clinical laboratories of China from 2015 to 2017. Clin
Chem Lab Med. 2018;57:195-203. https.//doi.org/10.1515/
ccIm-2018-0416

Taylor K, George P, Deely JM. Laboratory turnaround times
in response to an abrupt increase in specimen testing after
a natural disaster. Am J Clin Pathol. 2014;142:35-42. https://
doi.org/10.1309/AJCPIMIKKT2HVALL

Lyon ME, Bajkov A, Haugrud D, Kyle BD, Wu F, Lyon AW. CO-
VID-19 Pandemic Planning: Simulation Models to Predict Bi-
ochemistry Test Capacity for Patient Surges. J Appl Lab Med.
2021,6:451-62. https://doi.org/10.1093/jalm/jfaa231

Biochem Med (Zagreb) 2021,31(2):020713

9


https://doi.org/10.1111/ijlh.13229
https://doi.org/10.1182/blood.2020006520
https://doi.org/10.1182/blood.2020006520
https://doi.org/10.1258/acb.2009.009222
https://doi.org/10.1258/acb.2009.009222
https://doi.org/10.1016/j.cll.2016.09.015
https://doi.org/10.1016/j.cll.2016.09.015
https://doi.org/10.1515/cclm-2016-0929
https://doi.org/10.1515/cclm-2016-0929
https://doi.org/10.1016/j.cca.2009.03.025
https://doi.org/10.1016/j.cca.2019.07.007
https://doi.org/10.1016/j.cca.2019.07.007
https://doi.org/10.1515/cclm-2017-0412
https://doi.org/10.1515/cclm-2017-0412
https://doi.org/10.3906/sag-2011-139
https://doi.org/10.1515/cclm-2020-0285
https://doi.org/10.1515/cclm-2018-0416
https://doi.org/10.1515/cclm-2018-0416
https://doi.org/10.1093/jalm/jfaa231

