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Abstract

To face the COVID-19 pandemic, the need for fast and reliable diagnostic assays for the detection of SARS-CoV-2 is immense.
We describe our laboratory experiences evaluating nine commercially available real-time RT-PCR assays. We found that assays
differed considerably in performance and validation before routine use is mandatory.
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The localized outbreak in the province Hubei and surrounding
arcas in China at the end of December 2019 led to a rapid
spread throughout the world increasing numbers in cases
and deaths. On March 11, 2020, WHO declared COVID-19
a pandemic. Major strategies to face this pandemic are (i) to
minimize social contacts, (ii) to test people suspected for
COVID-19, (iii) to perform strict containment measures for
SARS-CoV-2 (severe acute respiratory syndrome coronavirus
2)-infected persons, and (iv) to conduct thorough contact trac-
ing. Public health authorities and other diagnostic laboratories
are in urgent need for diagnostic tools, which are fast and
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reliable. The rapid pandemic spread resulted in various short-
ages not only in safety equipment, but also in diagnostic re-
agents and supply. Due to imminent problems with limited
test resources, a foresighted and dynamic lab strategy is need-
ed to avoid possible shortages in lab supplies including test
kits. An important pillar of the strategy chosen by the Public
Health Microbiology laboratory at the Bavarian Health and
Food Safety Authority (LGL), Germany, was the pro-active
decision to diversify diagnostic tools. Moreover, our labora-
tory was confronted with an increasing number of various test
kits offered by very different companies but of unclear quality
standards.

In this paper, we describe our laboratory experiences com-
paring nine commercially available real-time RT-PCR assays,
using a Bio-Rad CFX 96 cycler.

Routine molecular diagnostics
for SARS-CoV-2 in a public health laboratory

Based on an initial evaluation of SARS-CoV-2-RT-PCR as-
says available at the very beginning of the pandemic in
Germany [1], we established the RealStar SARS-CoV-2 RT-
PCR Kit RUO, Altona Diagnostics on the Bio-Rad CFX96
Touch Real-Time PCR Detection System (Bio-Rad,
Feldkirchen, Germany) as routine method for SARS-CoV-2
diagnosis. Between the calendar weeks 5/2020 and 19/2020,
approximately 70,000 mainly respiratory samples were ana-
lyzed at the LGL. Eight thousand two hundred six thereof
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were diagnosed as SARS-CoV RNA positive (Fig. 1). The
assay amplifies sequences of the E gene of B lincage
betacoronaviruses and of the S gene specific for SARS-
CoV-2 that are detected with fluorophores/Fam and Cy5,
respectively.

Comparison of nine commercially available
molecular diagnostic kits for SARS-CoV-2

To compare the performance of further eight PCR kits for
SARS-CoV-2 diagnostic, field samples as well as SARS-
CoV-2 reference virus genomes in defined genome copy num-
ber and genomes of putatively contaminating agents were
used. Respiratory samples, mainly nasopharyngeal or pharyn-
geal swabs were obtained from patients and contact persons
(see column “sample size” in Table 1). To increase the total
sample volume for further testing with the RealStar SARS-
CoV-2 RT-PCR Kit RUO, Altona Diagnostics pretested pos-
itive and negative samples were diluted 2 to 3 fold with NaCl
0.9%. Control material (positive controls) comprising Human
2019-nCoV RNA (reference number 026N-03889) and
SARS-CoV Frankfurt 1 RNA (reference number 004N-
02005) was ordered from the European Virus Archive
(EVAg) [2]. Cross-reactivity was tested for human

coronavirus HCoV 229E!, human coronavirus HCoV-
0C43', human coronavirus HCoV-NL63', MERS-CoV', hu-
man rhinovirus type 30" and type 497, 2 samples human
metapneumovirus Typ A'?, Parainfluenzavirus type 2% and
3!, Influenzavirus (A(HIN1)pdm09, A(H3N2), B
Yamagata- and Victoria-Lineage)', respiratory syncytial virus
A' and B!, Adenovirus type 112, Bordetella pertussisz,
Chlamydophila pneumoniae’, and Mycoplasma
pneumoniae’. Respective reference samples were obtained
from INSTAND e.V., Disseldorf, Germany. (Footnotes:
!pathogen panel 1, analysed with all mentioned tests; “patho-
gen panel 2, analysed with AT, MG, G, FTD, SG, and WB
(abbreviations see Table 1)) As expected, analysis of SARS-
CoV-1 yielded positive results for lineage B-betacoronavirus
(B-BCoV) detection systems and negative results for with
detection systems for SARS-CoV-2-specific genetic regions.
Sample sizes are given in Table 1 column “sample size.” The
variation in sample sizes between different assays is due to the
different amounts of available PCR reaction.

RNA was extracted from samples using the QIAamp Bio
Robot kit (QIAGEN) on a Hamilton Microlab Star (Hamilton,
Bonaduz, Switzerland). Extractions were performed in tripli-
cates to obtain sufficient elution volume to execute all PCR
assays with identical sample preparations. Eluates were
pooled and stored in 30-50-ul aliquots at — 80 °C before
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Fig. 1 Analyses of SARS-CoV-positive samples (n = 8206) over 14
weeks from February to May at the LGL: the histogram gives, Ct values
after amplification within the E-Gen (AT-E) (blue, detection of B lineage
betacoronavirus, n = 8021, 9.47% of positive samples only E gene pos-
itive) and the S-Gen(AT-S) (red, detection of SARS-CoV-2, n = 7425,
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2.25% of positive samples only S gene positive), RealStar SARS-CoV-2
RT-PCR Kit RUO, Altona Diagnostics against the number of samples.
COVID, coronavirus disease; LGL, Bavarian Health and Food Safety
Authority
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carrying out PCR assays. All PCR assays were performed The limit of detection was determined using Human 2019-
according to the instructions of the respective manufacturers.  nCoV RNA (reference number 026N-03889) from the
During the evaluation phase, the threshold was manually setto ~ European Virus Archive (EVAg) containing defined genome
150 RFU (Bio-Rad CFX96 Touch Real-Time PCR Detection ~ copy numbers. The PCR assays of Altona Diagnostics (AT),
System) irrespective of the assay validated and the  Mikrogen Diagnostik (MG), Shanghai Fosun Long March
fluorophore. Amplification plots with exponential curve in-  Medical Science Co (SF), and BGI reached a detection limit
creases were considered positive. of about 10 copies/reaction (see column “limit of detection” in

A summary of the results and features of the nine commer- ~ Table 1). Notably, due to the limited amount of PCR reagents
cially available PCR assays tested is shown in detail in  available for testing, the number of achievable replicates was
Table 1. limited to two—four (Table 1), preventing detailed statistical
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Fig. 2 Multiple correlation of different assays (abbreviation see Table 1). Diagonal shows the distribution of Ct values of positive tested samples in
histogram. Numbers represent the Pearson standard correlation coefficient (R)
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analyses. Repetition of these analyses using more replicates is
recommended before clinical use.

The sensitivity of the assays was determined dividing the
number of tested true-positive sample with the total number of
pretested positive samples. Applying this procedure, the as-
says of Fast Track Diagnostics (100%, FTD), Mikrogen
Diagnostik (97%, MG), SolGent Co., Ltd. (97%/92%, SG-
N/SG-Orfla), Altona Diagnostics (90%/97%, AT-E/AT-S),
BGI (95%), and Shanghai Fosun Long March Medical
Science Co., Ltd. (94%, SF) showed decreased sensitivities
according to the order mentioned. The tests from gerbion
GmbH & Co KG (G-RdRP), WELLS BIO, INC. (WB-
RdARPP2), and Primerdesign Ltd. (PD) showed the lowest
values of 49%, 62%, and 86%, respectively (see columns
“number of FN” and “sensitivity” in Table 1).

The specificity of each assay was tested in order to discrim-
inate SARS-CoV-2 signals from other respiratory pathogens
such as other coronaviruses. All assays gave no false-positive
test results (see columns “specificity” and “number of FP” in
Table 1).

Due to the limited amount of reagents available for testing
sensitivity and specificity performances of BGI, Shanghai
Fosun Long March Medical Science Co., Ltd. (SF), and
Primerdesign Ltd (PD) test kits, results should be interpreted
with caution (see column “sample size” in Table 1).

Additionally, a multi-correlation analysis was conducted
focusing on the specific results for SARS-CoV-2. For assays
showing more than one specific result, the smallest Ct value
was included in the analysis. Most tests showed Pearson stan-
dard correlation coefficients above 95%. The distribution of
Ct values is shown in the histograms in Fig. 2 (diagonal). The
Ct values of Primerdesign Ltd. (PD) shifted to higher Ct
values leading to a higher median Ct value of 33.26. On the
other hand, gerbion GmbH & Co KG (G-RdRP) and WELLS
BIO, INC. (WB-RdRPP2) median Ct values were 28.24 and
24.08, respectively, while higher Ct values above 32.04 and
33.43 were not routinely detected (see Fig. 2 and Table 1).

Discussion

A main task for public health laboratories is to deliver
reliable results for emerging pathogens of global threat
to prevent spread. Since on January 7, 2020, a novel
coronavirus was identified, and shortly after, the first
sequence of the new strain was published. Shortly after-
wards [3, 4], our laboratory faced the difficult task to
decide on appropriate diagnostic assays. Due to an enor-
mous demand for diagnostic reagents, we were
confronted with a shortage of PCR kits to detect
SARS-Cov-2. Furthermore, we had to deal with offers
for PCR kits from different origins and of unclear qual-
ity standards.

To decide which of the kits available on the market
at the time would be best for our diagnostics, we tested
a number of kits that had given promising results in
other studies [5] and targeted two or more SARS-
CoV-2 genes in one PCR setup. This was the case in
all but one commercial kit (WELLS BIO, INC., WB).
For two of the kits (BGI and Primerdesign (PD)), it was
not possible to retrieve information on how many genes
were targeted and which genetic regions were amplified.
In our view, the detection of more than one gene
seemed crucial as different target genes may differ in
specificity and sensitivity. In our hands, the kits of
Fast Track Diagnostics (FTD), Mikrogen Diagnostik
(MG), Altona Diagnostics (AT), and Shanghai Fosun
Long March Medical Science Co., Ltd. (SF) gave the
best results. Since for all assays, identical extracted ma-
terial was used, we assume that the observed differences
between kits are due to differences in targeted genome
regions and/or primer design. Further complications
were due to the fact that the kits of BGI, WELLS
BIO, INC., WB, and SolGent Co., Ltd. contained the
internal control as part of the Mastermix and could not
be used as an extraction control resulting in lack of a
control system for the extraction procedure.

In outbreak situations, it is crucial to efficiently optimize all
workflows even with limited resources of human workforce,
reagents, and devices.

Comparable results were published for Altona Diagnostics,
Mikrogen, and BGI in other studies [5].

Conclusion

The quality of the tested PCR assays showed very dif-
ferent results. Therefore, it is very important to control
commercially available kits for their performance char-
acteristics prior to use in routine laboratory diagnosis.
Even in situations with enormous pressure due to re-
agent shortage, quality must not be neglected. Fast and
reliable results are crucial dealing with the COVID-19
pandemic. The Fast Track Diagnostics (FTD), Mikrogen
Diagnostik (MG), Altona Diagnostics (AT), and
Shanghai Fosun Long March Medical Science Co.,
Ltd. (SF) outperformed all other tested mentioned
above. In addition to correct results, it is recommended
to use assays with at least two different target regions
either in one channel or two to have a more robust
assay for a fast evolving pathogen.
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