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Alla C/A Responsabile di Laboratorio 

Oggetto: Dispositivo diagnostico per la quantificazione degli anticorpi IgG e IgM anti-SARS-CoV-2 

Gentile Dottoressa, gentile Dottore, 

Vogliamo sottoporre alla Vostra attenzione un nuovo ausilio diagnostico per la ricerca degli anticorpi IgG e IgM anti-SARS-
CoV-2- in siero, plasma e sangue intero. 

Il dispositivo si basa su un principio ad immunofluorescenza quantitativo, che permette, in un tempo molto rapido, di 
ottenere una quantificazione (rapporto segnale/cutoff) dei livelli di anticorpi anti SARS-CoV-2, oltre che ad un giudizio 
qualitativo (Negativo, Dubbio, Positivo). 

Il sistema è composto da uno strumento, il Finecare™, che esegue una lettura immunofluorometrica, e delle strisce reattive 
monouso per i test. Lo strumento offre il pieno supporto per la gestione delle anagrafiche, lo storico dei risultati, il 
collegamento ad host, ed è dotato di stampante integrata. L’esecuzione del test prevede l’aggiunta di una quantità di 
campione (siero, plasma o sangue intero, anche da prelievo capillare) ad un tampone di reazione, e la dispensazione di 
75 microlitri della miscela campione-tampone nel pozzetto della card. A questo punto è necessaria una incubazione di 10-
15 minuti a seconda del parametro, che può essere eseguita automaticamente dal lettore (modalità standard), oppure 
manualmente in batch (modalità rapida). Nessuna calibrazione è necessaria poiché in ogni kit viene fornito un chip lotto 
specifico con i dati di calibrazione. 

Ovviamente il sistema prevede un pannello di analiti molto più esteso, ed è possibile ottenere risultati quantitativi per 
Proteina C Reattiva, Procalcitonina, marcatori cardiaci ed altri analiti, sempre in tempi rapidi e con procedure semplici. 

Siamo consapevoli che attualmente non esistono protocolli diagnostici sicuri e alcuni studi (Zhang W., et al., Molecular 
and serological investigation of 2019-nCoV infected patients: implication of multiple shedding routes, Emerging Microbes 
& Infections, Vol 9, 2020) hanno evidenziato come lo stesso tampone orale mostri una significativa percentuale di falsi 
negativi e che con l’evolversi della malattia risultino negativi i tamponi orali e positivi quelli ematici e rettali. Altri studi 
(Zhengtu L., et. al, Development and Clinical Application of A Rapid IgM-IgG Combined Antibody Test for SARS-CoV-2 
Infection Diagnosis, J Med Virol 2020) hanno valutato l’utilità diagnostica del dosaggio di anticorpi IgG e IgM anti SARS-
CoV-2, sottolineando come la rapidità e l’economicità di test simili possano essere impiegati nello screening su vasta scala 
di soggetti asintomatici. Ancora, il ruolo centrale del laboratorio come ausilio e conferma diagnostica per Covid 19 si 
conferma anche con il dosaggio di altri analiti, come l’Interleukina 6 e il D-Dimero (Yong G. et al., Diagnostic Utility of 
Clinical Laboratory Data Determinations for Patients with the Severe COVID-19, J Med Virol 2020). 

Riteniamo che il dosaggio di IgM e IgG, sia come anticorpi combinati che come singoli possano contribuire al percorso 
diagnostico per l’individuazione rapida di portatori sani e la diagnosi per SARS-CoV-2. 

Specificamente al Covid19, il pannello di test quantitativi attualmente disponibili è il seguente: 

Codice Descrizione 

W276 SARS-CoV-2 Anticorpi totali IgM/IgG 

W277 SARS-CoV-2 Anticorpi IgM 

W211 D-Dimero

W218 CRP+PCT, dosaggio congiunto di Proteina C Reattiva e Procalcitonina (doppio risultato) 

W210 Procalcitonina 

W201 Proteina C Reattiva (hsCRP e CRP) 
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segnale/cutoff compreso tra 1.0 e 1.1). Quattro pazienti ricoverati in cura intensiva da più di 6 giorni sono risultati tutti 
positivi, con rapporti segnale/cutoff maggiori di 4. Qui sotto riportiamo alcune immagini rappresentative dei risultati ottenuti: 

 
  

 

Di seguito troverà la bibliografia sopra citata per un Suo più comodo riferimento. 

Rimaniamo a disposizione per qualsiasi richiesta di informazioni ulteriori. 
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Saranno di prossima introduzione l’Interleukina 6 e il dosaggio di IgG e IgM SARS-CoV-2 separate in un unico test. 

In questi giorni stiamo eseguendo una valutazione presso il Laboratorio Analisi dell’Ospedale San Paolo di Savona, con 
risultati in linea con le aspettative. 

Due pazienti da poco ammessi al Pronto Soccorso con sintomatologia riconducibile a quella del Covid 19 sono risultati 
negativi per gli anticorpi totali (rapporto segnale/cutoff < 1). Un paziente ammesso da 3 giorni è risultato dubbio (rapporto 
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ABSTRACT
In December 2019, a novel coronavirus (2019-nCoV) caused an outbreak in Wuhan, China, and soon spread to other parts
of the world. It was believed that 2019-nCoV was transmitted through respiratory tract and then induced pneumonia, thus
molecular diagnosis based on oral swabs was used for confirmation of this disease. Likewise, patient will be released upon
two times of negative detection from oral swabs. However, many coronaviruses can also be transmitted through oral–
fecal route by infecting intestines. Whether 2019-nCoV infected patients also carry virus in other organs like intestine
need to be tested. We conducted investigation on patients in a local hospital who were infected with this virus. We
found the presence of 2019-nCoV in anal swabs and blood as well, and more anal swab positives than oral swab
positives in a later stage of infection, suggesting shedding and thereby transmitted through oral–fecal route. We also
showed serology test can improve detection positive rate thus should be used in future epidemiology. Our report
provides a cautionary warning that 2019-nCoV may be shed through multiple routes.

ARTICLE HISTORY Received 4 February 2020; Revised 6 February 2020; Accepted 7 February 2020

KEYWORDS 2019-nCoV; Wuhan pneumonia; epidemiology; swabs; intestine

Introduction

Coronaviruses (CoVs) belong to the subfamily Ortho-
coronavirinae in the family Coronaviridae and the
order Nidovirales. A human coronavirus (SARS-CoV)
caused the severe acute respiratory syndrome corona-
virus (SARS) outbreak in 2003. Most recently, an
SARS-related CoV was implicated as the etiological
agent responsible for the outbreak in Wuhan, central
China. This outbreak is estimated to have started on
12th December 2019 and 17,332 laboratory confirmed
cases with 361 deaths as of 3rd February 2020 in China
[1]. The virus has spread to 23 other countries by tra-
vellers from Wuhan [1]. Typical symptoms are fever,
malaise, shortness of breath and in severe cases, pneu-
monia [2–4]. The disease was first called unidentified
viral pneumonia.

We quickly identified the etiological agent, termed
2019-nCoV (virus name designated by the World
Health Organization). The newly identified virus is
an SARS-related virus (SARSr-CoV) but shares only
74.5% genome identity to SARS-CoV [2]. We devel-
oped molecular detection tools based on viral spike
genes. Our previous studies indicate that qPCRmethod
can be used for the detection of 2019-nCoV in oral
swabs or in bronchoalveolar lavage fluid (BALF) [5].

Additionally, we developed IgM and IgG detection
methods using a cross-reactive nucleocapsid protein
(NP) from another SARSr-CoV Rp3 [6], which is
92% identical to 2019-nCoV NP. Using these serologi-
cal tools, we demonstrate viral antibody titres increase
in patients infected with 2019-nCoV [5].

Like SARS-CoV, 2019-nCoV induced pneumonia
through respiratory tract by clinical observation.
Therefore, the presence of viral antigen in oral swabs
was used as detection standard for 2019-nCoV. Simi-
larly, two times of oral swabs negative in a 24-h interval
was considered as viral clearance by patients officially.
Here we launched an investigation of 2019-nCoV in a
Wuhan hospital, aiming to investigate the other poss-
ible transmission route of this virus.

Materials and methods

Sample collection

Human samples, including oral swabs, anal swabs and
blood samples were collected by Wuhan pulmonary
hospital with the consent from all patients and
approved by the ethics committee of the designated
hospital for emerging infectious diseases. Two investi-
gations were performed. In the first investigation, we
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collected samples from 39 patients, 7 of which were in
severe conditions. In the second investigation, we col-
lected samples from 139 patients, yet their clinical
records were not available. We only showed patients
who were viral nucleotide detection positive. Patients
were sampled without gender or age preference unless
where indicated. For swabs, 1.5 ml DMEM+2% FBS
medium was added in each tube. Supernatant was col-
lected after 2500 rpm, 60 s vortex and 15–30 min
standing. Supernatant from swabs were added to lysis
buffer for RNA extraction. Serum was separated by
centrifugation at 3000 g for 15 min within 24 h of col-
lection, followed by 56°C 30 min inactivation, and then
stored at 4°C until use.

RNA extraction and qRT-PCR

Whenever commercial kits were used, manufacturer’s
instructions were followed without modification.
RNA was extracted from 200 μl of samples with the
High Pure Viral RNA Kit (Roche). RNA was eluted
in 50 μl of elution buffer and used as the template for
RT–PCR. QPCR detection method based on 2019-
nCoV S gene can be found in the previous study [5].
In brief, RNA extracted from above used in qPCR by
HiScript® II One Step qRT-PCR SYBR® Green Kit
(Vazyme Biotech Co., Ltd). The 20 μl qPCR reaction
mix contained 10 μl 2× One Step SYBR Green Mix, 1
μl One Step SYBR Green Enzyme Mix, 0.4 μl 50 ×
ROX Reference Dye 1, 0.4 μl of each primer (10 μM)
and 2 μl template RNA. Amplification was performed
as follows: 50°C for 3 min, 95°C for 30 s followed by
40 cycles consisting of 95°C for 10 s, 60°C for 30 s,
and a default melting curve step in an ABI 7500
machine.

Serological test

In-house anti-SARSr-CoV IgG and IgM ELISA kits
were developed using SARSr-CoV Rp3 NP as antigen,
which shared above 90% amino acid identity to all
SARSr-CoVs, as reported previously [5]. For IgG
test, MaxiSorp Nunc-immuno 96 well ELISA plates
were coated (100 ng/well) overnight with recombinant
NP. Human sera were used at 1:20 dilution for 1 h at
37°C. An anti-Human IgG-HRP conjugated mono-
clonal antibody (Kyab Biotech Co., Ltd, Wuhan,
China) was used at a dilution of 1:40,000. The OD
value (450–630) was calculated. For IgM test, Maxi-
Sorp Nunc-immuno 96 wellELISA plates were
coated (500 ng/well) overnight with anti-human IgM
(µ chain). Human sera were used at 1:100 dilution
for 40 min at 37°C, followed by anti-Rp3 NP-HRP
conjugated (Kyab Biotech Co., Ltd, Wuhan, China)
at a dilution of 1:4000. The OD value (450–630) was
calculated.

Results

In the first investigation, we aimed to test whether viral
positive can be found in anal swab and blood as well as
oral swabs. We conducted a molecular investigation to
patients in Wuhan pulmonary hospital, who were
detected as oral swabs positive for 2019-nCoV upon
admission. We collected blood, oral swabs and anal
swabs for 2019-nCoV qPCR test using previously
established method [5].

We found 15 patients who still carry virus following
days of medical treatments. Of these patients, 8 were
oral swabs positive (53.3%), 4 were anal swabs positive
(26.7%), 6 blood positives (40%) and 3 serum positives
(20%). Two patients were positive by both oral swab
and anal swab, yet none of the blood positive was
also swabs positive. Not surprisingly, all serum posi-
tives were also whole serum positive (Table 1). In sum-
mary, viral nucleotide can be found in anal swab or
blood even if it cannot be detected in oral swabs. It
should be noted that although swabs may be negative,
the patient might still be viremic.

We then did another investigation to find out the
dynamic changes of viral presence in two consecutive
studies in both oral and anal swabs in another group
of patients. The target patients were those who received
around 10 days of medical treatments upon admission.
We tested for both viral antibody and viral nucleotide
levels by previously established method [5]. We
showed that both IgM and IgG titres were relatively
low or undetectable in day 0 (the day of first sampling).
On day 5, an increase of viral antibodies can be seen in
nearly all patients, which was normally considered as a
transition from earlier to later period of infection
(Figure 1 and supplementary table 1). IgM positive
rate increased from 50% (8/16) to 81% (13/16),
whereas IgG positive rate increased from 81% (13/16)
to 100% (16/16). This is in contrast to a relatively
low detection positive rate frommolecular test (below).

Table 1. Molecular detection of 2019-nCoV in swabs and
blood. Samples were from oral swabs (OS), anal swabs (AS)
and blood. Data were shown as qPCR Ct values. Patients in
severe condition during investigation were shown.

OS AS Whole blood Serum Severe disease

Patient 1 33.5 No
Patient 2 30.3 24.3 Yes
Patient 3 30.3 No
Patient 4 32.1 No
Patient 5 33.1 No
Patient 6 30.6 No
Patient 7 32.7 30.2 No
Patient 8 33.1 No
Patient 9 31.4 34.5 No
Patient 10 30.9 33.0 Yes
Patient 11 27.3 No
Patient 12 34.4 Yes
Patient 13 32.9 33.6 No
Patient 14 32.3 No
Patient 15 31.6 No
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For molecular detection, we found 8 oral swabs
positive (50%) and 4 anal swabs (25%) in these 16
people on day 0. On day 5, we were only able to find
4 oral swabs positive (25%). In contrast, we found 6
anal swabs positive (37.5%). When counting all swab
positives together, we found most of the positives
came from oral swab (8/10, 80%) on day 0. However,
this trend appears to change on day 5. We found
more (6/8, 75%) anal swab positive than oral swab
positive (4/8, 50%). Another observation is the reoccur-
rence of virus in 6 patients who were detected negative
on day 0. Of note, 4 of these 6 viral positives were from
anal swabs (Table 2). These data suggested a shift from
more oral positive during early period (as indicated by
antibody titres) to more anal positive during later
period might happen.

Discussion

Within 1 month of the 2019-nCoV disease outbreak,
we rapidly developed molecular and serological detec-
tion tools. This is the first molecular and serological
study on this virus after the initial identification of
2019-NCoV from 7 patients diagnosed with

unidentified viral pneumonia [5]. We detected the
virus in oral swabs, anal swabs and blood, thus infected
patients can potentially shed this pathogen through
respiratory, fecal–oral or body fluid routes. In addition,
we successfully applied serology test a large population
and showed which could greatly improved detection
positive rate.

We show that the current strategy for the detection
of viral RNA in oral swabs used for 2019-nCoV diagno-
sis is not perfect. The virus may be present in anal
swabs or blood of patients when oral swabs detection
negative. In SARS-CoV and MERS-CoV infected
patients, intestinal infection was observed at later stages
of infection [7–9]. However, patients infected with
2019-nCoV may harbour the virus in the intestine at
the early or late stage of disease. It is also worth to
note none of the patients with viremia blood had posi-
tive swabs. These patients would likely be considered as
2019-nCoV negative through routine surveillance, and
thus pose a threat to other people. In contrast, we found
viral antibodies in near all patients, indicating serology
should be considered for 2019-nCoV epidemiology. A
possible shift from oral positive during early infection
to anal swab positive during late infection can be
observed. This observation implied that we cannot dis-
charge a patient purely based on oral swabs negative,
who may still shed the virus by oral–fecal route.
Above all, we strongly suggest using viral IgM and
IgG serological test to confirm an infection, considering
the unreliable results from oral swabs detection.

In summary, we provide a cautionary warning that
2019-nCoV may be transmitted through multiple
routes. Both molecular and serological tests are needed
to definitively confirm a virus carrier.
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Figure 1. Serological detection of 2019-nCoV. Dashed line indicates cutoff, which was determined based on data from healthy
controls.

Table 2. Molecular detection of 2019-nCoV in swabs from two
investigations. Samples were from oral swabs (OS), anal swabs
(AS) and blood. Data were shown as qPCR Ct values.

Date 0-OS Date 0-AS Date 5-OS Date 5-AS

Patient 1 23.2
Patient 2 30.3
Patient 3 19.5
Patient 4 32.7 30.2
Patient 5 33.1
Patient 6 31.1 30.0 31.4
Patient 7 27.3
Patient 8 27.0
Patient 9 32.9 33.6
Patient 10 23.8
Patient 11 31.9
Patient 12 32.3
Patient 13 17.8
Patient 14 25.5
Patient 15 30.0
Patient 16 33.8 26.9 27.5
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Abstract 

The outbreak of the novel coronavirus disease (COVID-19) quickly spread all over China 

and to more than 20 other countries. Although the virus (SARS-Cov-2) nucleic acid RT-

PCR test has become the standard method for diagnosis of SARS-CoV-2 infection, these 

real-time PCR test kits have many limitations. In addition, high false negative rates were 

reported. There is an urgent need for an accurate and rapid test method to quickly identify 

large number of infected patients and asymptomatic carriers to prevent virus transmission 

and assure timely treatment of patients. 

We have developed a rapid and simple point-of-care lateral flow immunoassay which can 

detect IgM and IgG antibodies simultaneously against SARS-CoV-2 virus in human blood 

within 15 minutes which can detect patients at different infection stages. With this test kit, 

we carried out clinical studies to validate its clinical efficacy uses. The clinical detection 

sensitivity and specificity of this test were measured using blood samples collected from 

397 PCR confirmed COVID-19 patients and 128 negative patients at 8 different clinical 

sites. The overall testing sensitivity was 88.66% and specificity was 90.63%. In addition, 

we evaluated clinical diagnosis results obtained from different types of venous and 

fingerstick blood samples. The results indicated great detection consistency among 

samples from fingerstick blood, serum and plasma of venous blood. The IgM-IgG 

combined assay has better utility and sensitivity compared with a single IgM or IgG test. 

It can be used for the rapid screening of SARS-CoV-2 carriers, symptomatic or 

asymptomatic, in hospitals, clinics, and test laboratories. 

Keyword: COVID-19, SARS-CoV-2 Virus Infection, Lateral flow immunoassay, rapid 

IgM-IgG Combined test, fingerstick blood, Point-of-Care Testing. 

Introduction 

Since December, 2019, a series of pneumonia cases of unknown cause emerged in 

Wuhan, Hubei, China, with clinical presentations greatly resembling viral pneumonia.1 

Subsequently, pathogenic gene sequencing confirmed that the infected pathogen was a 

novel coronavirus, named 2019 novel coronavirus (SARS-CoV-2).2 Similar to previous 

outbreaks of coronavirus infection in humans, 2003 SARS-CoV3,4 and 2012 MERS-CoV,5 

SARS-CoV-2 infection caused the novel corona virus disease (COVID-19), its outbreak 
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developed into an epidemic that quickly spread all over China and to more than 20 other 

countries.6 It has been listed as a public health emergency of international concern.7 The 

outbreak of this disease has caused the Chinese government to take drastic measures to 

contain the outbreak, including the quarantine of millions of residents in Wuhan and other 

affected cities. Countrywide interventions include delaying resumption of workplaces, and 

encouraging citizens to stay and work from home, and so on.  

However, these efforts are limited by one hard problem: how to differentiate the 

COVID-19 cases from the healthy. For confirmed COVID-19 cases, reported the common 

clinical symptoms include fever, cough, myalgia or fatigue.8 Yet these symptoms are not 

unique features of COVID-19 because these symptoms are similar to that of other virus-

infected disease such as influenza.9 Currently, virus nucleic acid Real Time-PCR (RT-

PCR), CT imaging and some hematology parameters are the primary tools for clinical 

diagnosis of the infection.10 Many laboratory test kits have been developed and used in 

testing patient specimens for COVID-19 by Chinese CDC, US CDC and other private 

companies. The virus nucleic acid RT-PCR test has become as the current standard 

diagnostic method for diagnosis of COVID-19. Yet these real-time PCR test kits suffer 

from many limitations: 1) These tests have long turnaround times and are complicated in 

operation; they generally take on average over 2 to 3 hours to generate results. 2) The PCR 

tests require certified laboratories, expensive equipment and trained technicians to operate. 

3) There are some numbers of false negatives for RT-PCR of COVID-19.11 These 

limitations make RT-PCR unsuitable for use in the field for rapid and simple diagnosis and 

screening of patients. It limits the outbreak containment effort. Therefore, there is an urgent 

need for a rapid, simple to use, sensitive, and accurate test to quickly identify infected 

patients of SARS-CoV-2 to prevent virus transmission and to assure timely treatment of 

patients. 

Testing of specific antibodies of SARS-CoV-2 in patient blood is a good choice for 

rapid, simple, highly sensitive diagnosis of COVID-19. It is widely accepted that IgM 

provides the first line of defense during viral infections, prior to the generation of adaptive, 

high affinity IgG responses that are important for long term immunity and immunological 

memory.12 It was reported that after SARS infection, IgM antibody could be detected in 
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patient blood after 3 - 6 days and IgG could be detected after 8 days.13,14 Since COVID-19 

belongs to the same large family of viruses as those that cause the MERS and SARS 

outbreak, we assume its antibody generation process is similar, and detection of the IgG 

and IgM antibody against SARS-CoV-2 will be an indication of infection. Furthermore, 

detection of IgM antibodies tends to indicate a recent exposure to SARS-CoV-2, whereas 

detection of COVID-19 IgG antibodies indicates virus exposure some time ago. Thus, we 

believe that detection of both IgM and IgG could provide information on virus infection 

time course. The rapid detection of both IgM and IgG antibodies will add value to the 

diagnosis and treatment of COVID-19 disease.  

Based on these, we developed a point-of-care lateral flow immunoassay (LFIA) test 

product, which can detect IgM and IgG simultaneously in human blood within 15 minutes. 

We tested the product in 8 hospitals and Chinese CDC agencies to validate its clinical 

efficacy. The results demonstrated this rapid antibody test has high sensitivity and 

specificity. It can be used in hospitals, clinics, and testing laboratories. The test can also be 

effectively deployed in businesses, schools, airports, seaports and train stations, etc., giving 

it the potential to become a compelling force in the fight against this global threat. 

Methods and Materials 

The materials for the manufacture of IgG-IgM combined antibody test of COVID-19 

Anti-human IgG and IgM (LF201001, LF201002) were purchased from Nanjing 

Lefushidai Inc., COVID-19 recombinant antigen (MK201027) was developed and purified 

at Medomics. The recombinant antigen (MK201027) is receptor binding domain of SARS-

CoV-2 Spike Protein, which is transient transfected in cell culture and purified by protein 

A affinity chromatography and size-exclusion chromatography (SEC). The design of the 

antigen was based on the published SARS-CoV-2 sequence. Several different designs of 

antigen were tested and optimized. Eventually, MK201027 was picked into testing product. 

Bovine serum albumin (BSA), and goat anti-human IgG and IgM antibodies, rabbit IgG 

and goat anti-rabbit IgG antibodies were obtained from Sigma. 40nm gold nanoparticle 

(AuNP) colloids, NC membrane and plastic pad were obtained from Shanghai KinBio Inc., 

the glass fiber conjugate (GFC) pad was obtained from Whatman. The phosphate buffer 
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saline was purchased from Sigma. Inactivated COVID-19 positive serum and negative 

serum samples of patients with were supplied by Hunan CDC, China. 

Preparation of AuNP conjugates 

To prepare the AuNP conjugate, SARS-CoV-2 recombinant protein dissolved in PBS (1 

mg/mL) was added to the mixture of 1mL AuNP colloid (40nm in diameter, OD=1) and 

0.1mL of borate buffer (0.1 M, pH 8.5). After incubation for 30 min at room temperature, 

0.1mL of 10mg/mL BSA in PBS was added to the solution to block the AuNP surface. 

After incubation for 15 min at room temperature, the mixture was centrifuged at 10,000rpm 

and 4℃ for 20 min. The supernatant was discarded, and 1mL of 1mg/mL BSA in PBS was 

added to the AuNP conjugate to be re-suspended. The centrifugation and suspension 

process were repeated twice, and the final suspension solution was PBS. The AuNP-rabbit 

IgG conjugates was prepared and purified by the same procedure. 

Preparation of COVID-19 rapid test of IgG-IgM  

The main body of the test strip consist of five parts, including plastic backing, sample 

pad, conjugate pad, absorbent pad and NC membrane. Every component of the strip should 

be given a pretreatment described as follows: the NC membrane was attached to a plastic 

backing layer for cutting and handling. The anti-human-IgM, anti-human-IgG and anti-

rabbit-IgG were immobilized at test M, G and control line (C line), respectively. Conjugate 

pad was sprayed with mixture of AuNP-COVID-19 recombinant antigen conjugate and 

AuNP-rabbit-IgG. Sample pad was pretreated with BSA (3%, w/v) and Tween-20 (0.5%, 

w/v) before use.  

Testing of COVID-19 samples using the LFIA system 

1) Patient and sample collection 

 The patients were recruited who conform to the diagnostic criteria of suspected case of 

COVID-19 according to guideline of diagnosis and treatment of COVID-1915 including 

typical epidemiological history and clinical characteristics. These samples were collected 

from various hospitals and CDC testing laboratories (total 8) at 6 different provinces in 
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China. The tests were conducted at the sites by clinical staffs who followed test procedure 

described in the product inserts. The respiratory tract specimen, including pharyngeal swab 

and sputum, was used to confirm COVID-19 cases, and the blood, including serum and 

plasma, was used to test the IgM and IgG antibody.  

2) Sample Testing 

 Prior to testing, the pouched device was opened immediately before use. When 

refrigerated blood samples were used for the test, they were warmed to room temperature 

(15 -30oC). During testing, 20 ul whole blood sample (or 10 ul of serum/plasma samples) 

was pipetted into the sample port followed by adding 2-3 drops (70-100 ul) of dilution 

buffer (10mM PBS buffer) to drive capillary action along the strip. The entire test took 

about 15 mins to finish. 

3) Display of results  

A total of three detection lines are on the stip. The control (C) line appears when sample 

has flowed through the cartridge. The presence of anti- SARS-CoV-2 IgM and anti- SARS-

CoV-2 IgG will be indicated by a red/pink test line in the M and G region. If only the 

control line (C) showed red, the sample is negative. Either M or G line or both lines turning 

into red indicates presence of anti- SARS-CoV-2 -IgM or anti- SARS-CoV-2 -IgG or both 

antibodies in the specimen. If the control line does not appear red, the test is invalid, and 

the test should be repeated with another cartridge.  

Data analysis 

 The rapid SARS-CoV-2 IgG-IgM combined antibody test kits were tested at 8 hospitals 

and Chinese CDC laboratories in different provinces, with a total of 397 clinical positive 

and 128 clinical negative patient blood samples. The test data was collected and analyzed. 

The specificity and sensitivity of the rapid test kits were calculated according to the 

following formulas: 

 Specificity (%) = 100 x [True negative / (True Negative + False Positive)].  
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 Sensitivity (%) = 100 x [True Positive/(True Positive + False Negative)] 

Results 

Design and finished product of SARS-CoV-2 rapid test of IgG-IgM combined antibody 

kit 

The SARS-CoV-2 rapid IgG-IgM combined antibody test kit is designed and 

manufactured by Jiangsu Medomics Medical Technologies, located in Nanjing, China. It 

is a lateral flow qualitative immunoassay for the rapid determination of the presence or 

absence of both anti- SARS-CoV-2-IgM and anti- SARS-CoV-2-IgG in human specimens 

(whole blood, serum, and plasma). The test kit comes with a test cartridge, sample dilution 

buffer, and a package insert. The testing cartridge has three detection bands, including a 

distal control band that appears when the sample has flowed to the end of the testing strip. 

The presence of SARS-CoV-2 IgG and IgM antibodies are indicated by a red/purple line 

in the specific region indicated on the device. The SARS-CoV-2 rapid IgG-IgM combined 

antibody test strip, as shown in the Figure 1, has two mouse anti-human monoclonal 

antibodies (anti-IgG and anti-IgM) stripped on two separated test lines. A surface antigen 

from SARS-CoV-2 which can specifically bind to SARS-CoV-2 antibodies (including both 

IgM and IgG) is conjugated to colloidal gold nanoparticles and sprayed on conjugation 

pads. The AuNP-rabbit IgG conjugates was also sprayed on conjugation pads for binding 

to anti-rabbit IgG antibody which is immobilized on control line (Figure 1A).  

When testing, 10-15ul of specimen is added into the sample port followed by the addition 

of sample dilution buffer. The mechanism of the assay is based on the hydration and 

transport of reagents as they interact with the specimen across the strip via chromatographic 

lateral flow (Figure 1 A). As the specimen flows through the device, anti-SARS-CoV-2 

IgG and IgM antibodies, if present in the specimen, are bound by the SARS-CoV-2 antigen 

labeled gold colorimetric reagent fixed on the conjugate pad. As the conjugated sample 

continues to travel up the strip, the anti- SARS-CoV-2 IgM antibodies are bound on the 

M(IgM) line, and the anti-COVID-19 IgG antibodies are bound to the G (IgG) line. If the 

specimen does not contain SARS-CoV-2 antibodies, no labeled complexes bind at the Test 
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Zone and no lines could be observed. The remaining colloidal gold travels up the 

nitrocellulose to the Control line Zone, which captures the excess conjugate demonstrating 

that the fluid has migrated adequately through the device. A reddish-purple line will appear 

at the Control line Zone during the performance of all valid tests whether the sample is 

positive or negative for SARS-CoV-2 infection. During the test, excess reagent including 

AuNP-rabbit IgG conjugates migrate passes the control line zone, where the AnNP-rabbit 

IgG conjugates binds to anti-rabbit IgG to form red line on the control line. Figure 1 B is 

the illustration of different testing results reading for negative, IgM positive, IgG positive 

and IgM/IgG both positive situations.  

As one of example to show real testing results, Figure 2 shows a testing result photo for 

6 different test cartridges from 6 patients which represents several different types of results. 

In cartridge #13, the photo reading represents detection of both IgM and IgG; in cartridge 

#14 IgM only in low concentration; in cartridge #15, no IgM and IgG; in cartridge #16 IgG 

only in low concentration; in cartridge #17 IgG only in high concentration and in cartridge 

#18, IgM only in high concentration in patient bloods, respectively.  

The detection sensitivity and specificity of SARS-CoV-2 IgG-IgM combined antibody kit 

 In order to test the detection sensitivity and specificity of SARS-CoV-2 IgG-IgM 

combined antibody test, blood samples were collected from COVID-19 patients from 

multiple hospitals and Chinese CDC laboratories. The tests were done separately at each 

site. A total of 525 cases were tested: 397 (positive) clinically confirmed (including PCR 

test) SARS-CoV-2-infected patients and 128 non- SARS-CoV-2-infected patients (128 

negative). The testing results of vein blood without viral inactivation were summarized in 

the Table 1. Of the 397 blood sample from SARS-CoV-2-infected patients, 352 tested 

positive, resulting in a sensitivity of 88.66%. 12 of the blood samples from the 128 non-

SARS-CoV-2 infection patients tested positive, generating a specificity of 90.63%. It was 

also found that 64.48% (256 out of 397) of positive patients had both IgM and IgG 

antibodies (Table 1).  
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 For the test, it is very important to know the data of infection time point from clinical 

samples which will be helpful to compare the data of single or double positive in Table 1. 

Due to limited time, we do not have complete detailed information for how long each 

patient was infected or for how long each patient had symptoms when blood sample was 

collected at all the clinical sites. We only had such data from one of clinical site- Wuhan 

Red Cross Hospital. As a reference, by analyzing one subset data of 58 patients in Wuhan, 

it was found that 94.83% of the positive patients had both IgM and IgG positive test lines, 

and 1.72%, 3.45% had only IgM or only IgG positive lines respectively (table 2). The test 

time was at day 8 to day 33 after infection symptoms appeared. Further studies and 

information collection are needed for this. 

SARS-CoV-2 IgG-IgM combined antibody test in different types of blood samples 

 The above results have verified the sensitivity and specificity of kit detection in un-

inactivated vein blood. However, it is more convenient to collect fingerstick blood outside 

hospitals and clinics. In order to achieve a simpler operating process, we tested the 

performance of SARS-CoV-2 IgG-IgM combined antibody kit with peripheral blood. 

Patient fingerstick blood and vein blood and plasma from the same patient were tested. As 

showed in the Table 3, seven COVID-19 patients and three healthy volunteers were 

recruited. We took the blood samples from fingerstick, serum of venous blood, and plasma 

of venous blood and tested them with the kits. Within the 7 patients, 3 patients have IgM 

only positive and 4 patients have both IgM and IgG positive. All healthy volunteers tested 

negative. The results showed that all of the positive and negative test results matched with 

100% consistency among the corresponding blood samples. This result demonstrates that 

the SARS-CoV-2 IgG-IgM combined antibody test kit can be used as a point-of-care test 

(POCT). It can be performed near the bedside with fingerstick blood.  

Discussion  

Here, we successfully developed a rapid IgG-IgM combined antibody test kit for 

COVID-19 diagnosis. The sensitivity and specificity of the kit were verified via the lab and 
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clinical practice. This test kit provides a product to meet the urgent need for immunoassay 

tests in Chinese hospitals for the diagnosis of COVID-19.  

In order to make the kit suitable for different stages of the disease, we developed an 

IgG-IgM combined antibody test for COVID-19 infection (Figure 1). It was also been 

confirmed that the detection sensibility was higher in IgG-IgM combined antibody test than 

in individual IgG or IgM antibody test (Table 1). Therefore, we more recommend the 

development of IgG-IgM combined antibody test kits than the separate IgG or IgM 

antibody test kits, if there is a reliable technical system available. It is a better test for 

screening COVID-19 patients.  

This new develop test kit, the IgG-IgM combined antibody test kit, has sensitivity of 

88.66% and specificity of 90.63%. However, there were still false positive and false 

negative results (Table 1). The reasons for the false negative may be due, first, to low 

antibody concentrations. When IgM and IgG levels are below the detection limit (not 

determined yet) of this rapid test, the test results will be negative. Second, the difference 

in individual immune response antibody production could be one reason for the false 

negative results in COVID-19 patients. The last but not least, IgM antibody will decrease 

and disappear after 2 weeks. In some cases, it is hard to know exactly when the patient was 

infected or how long the patient was infected. Thus, when the patient was tested, the IgM 

level might well be below its peak and not detectable by this test. Therefore, we encourage 

more research and development of the COVID-19 IgG-IgM combined antibody test kit to 

improve the diagnostic sensitivity and specificity for patients. Since COVID-19 

recombinant antigen was used in the test, our test is specific for COVID-19 infection. The 

clinical testing data in this paper at different clinical sites from east, south, west and middle 

of China confirmed the specificity of the test kit. However, because of the emergency of 

outbreak of COVID-19, we could not carry out normal research activities and perform 

enough tests to verify if there is interference from other IgM and IgG induced by different 

virus infections such as typical flu viruses. This work need be done later.  

This new rapid SARS-CoV-2 IgG-IgM combined antibody test kit has several 

advantages. Compared to RT-PCR, it saves time and it does not require equipment, it is 
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simple to perform and only requires minimal training. It can be performed at the bedside, 

in any clinic or laboratory, at airports or at railway stations16. It will be more convenient to 

use fingerstick blood or heel blood instead of vein blood for out-of-clinic screening. Our 

initial test results using fingertip blood were as good as that of vein blood (Table 3), which 

suggests that the SARS-CoV-2 IgG-IgM combined antibody test kits can be developed as 

agents for rapid field detection. Another potential application of this test is screening 

asymptomatic SARS-CoV-2 carriers, it was reported that asymptomatic carriers could 

spread SARS-CoV-2 virus.17,18 This finding made the current COVID-19 outbreak control 

more difficult, because there is no method available to screen asymptomatic carriers. This 

rapid IgM-IgG combined antibody test kit makes large scale screening of asymptomatic 

carriers possible. At least some if not all of the carriers are likely to have anti-SARS-CoV-

2 antibodies, as demonstrated by asymptomatic Zika virus carriers.19 Because this test can 

detect IgM and IgG simultaneously, it could be used for both early diagnosis (IgM) and for 

monitoring during treatment. SARS-CoV-2 infection starts at the lungs, not in the upper 

respiratory tract,20 therefore, sampling during the early infection stage using throat swab or 

sputum may not detect the virus. This is one possible explanation for high false negatives 

in nucleic acid PCR test. However, this sampling effect should not have any effect on IgM 

and IgG detection with this rapid test.  

Based on our knowledge and information, there are several other Chinese IVD 

companies are developing or have developed similar products ranging from IgM only and 

IgM-IgG combined tests. We do not know the details about their technical performance 

since there is no publication on them. We believe the good test products will be used in 

clinical sites and the information will emerge. We will carry out comparison studies later. 

Certainly, this test cannot confirm virus presence, only provide evidence of recent 

infection, but it provides an important immunological evidence for physicians to make the 

correct diagnosis along with other tests and to start treatment of patients. In addition, 

possible cross-reactivity with other coronaviruses and flu viruses were not studied, and the 

change level of antibody was not compared in the different stages of SARS-CoV-2 

infection. We believe the combination of nucleic acid RT-PCR and the IgM-IgG antibody 

test can provide more accurate SARS-CoV-2 infection diagnosis.  
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Conclusion 

We developed a rapid SARS-CoV-2 IgG-IgM combined antibody test using lateral 

flow immune assay techniques. It takes less than 15 minutes to generate results and 

determine whether there is recent SARS-CoV-2 infection. It is easy to use, and no 

additional equipment is required. Results from this study demonstrated that this test is 

sensitive and specific. This rapid test has great potential benefit for the fast screening of 

SARS-CoV-2 infections, and it has already generated tremendous interest and increased 

clinical uses after a short time testing in Chinese hospitals. 
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Figures 

Figure 1: Schematic illustration of rapid SARS-CoV-2 IgM-IgG combined antibody 

test. A: Schematic diagram of the detection device; B: An illustration of different testing 

results, C means control line, G means IgG line, M means IgM line.  
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Figure 2: Representative photo for different patient blood testing results. #13) Both 

IgM and IgG positive, #14) IgM weak positive, #15) Both IgM and IgG negative, #16) 

IgG weak positive, #17) IgG positive, #18) IgM positive. 

 

Table 1. The detection sensitivity and specificity of SARS-CoV-2 IgG-IgM combined 

antibody reagent. 

  
Clinical positive 

samples  

Clinical negative 

samples  

Sample Quantity 397 128 

IgG&IgM Positive 256 1 

IgG Positive 24 1 

IgM Positive 72 10 

Sensitivity 88.66%  

Specificity   90.63% 
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Table 2 IgM and IgG in positive patient blood samples from Wuhan Red Cross Hospital 

 Number in positive samples Percentage % 

IgM only 1 1.72 

IgG only 2 3.45 

Both IgM and IgG 55 94.83 

 

Table 3. The evaluation of detection consistency in different types of blood samples 

 COVID-19 patients Heathy person 

 
Total 

samples 

IgM 

Positive 

IgG&IgM 

Positive 

Total 

samples 

IgM 

Positive 

IgG&IgM 

Positive 

Fingerstick 

blood 
7 3 4 3 0 0 

Serum of 

venous blood 
 7 3 4 3 0 0 

Plasma of 

venous blood 
 7 3 4 3 0 0 

Detection 

consistency 
100% 
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ABSTRACT: 

The role of clinical laboratory data in the differential diagnosis of the severe forms 

of COVID-19 has not been definitely established. The aim of this study was to 

look for the warning index in severe COVID-19 patients. We investigated forty-

three adult patients with COVID-19. The patients were classified into mild group 

(28 patients) and severe group (15 patients). Comparison of the haematological 

parameters between the mild and severe groups showed significant differences in 

IL-6, D-Dimer, GLU, TT, FIB and CRP (P <0.05). The optimal threshold and area 

under the ROC curve of IL-6 were 24.3 pg/mL and 0.795 respectively, while those 

of D-Dimer were 0.28 µg/L and 0.750, respectively. The area under the ROC 

curve (AUC) of IL-6 combined with D-Dimer was 0.840. The specificity of 

predicting the severity of COVID-19 during IL-6 and D-Dimer tandem testing 

was up to 93.3%, while the sensitivity of IL-6 and D-Dimer by parallel test in the 

severe COVID-19 was 96.4%. IL-6 and D-Dimer were closely related to the 

occurrence of severe COVID-19 in the adult patients, and their combined 

detection had the highest specificity and sensitivity for early prediction of the 

severity of COVID-19 patients, which has important clinical value. 

KEYWORDS: The severe COVID-19; IL-6; D-Dimer; diagnostic utility 

INTRODUCTION 

Since December 8, 2019, several cases of pneumonia of unknown etiology have 

been reported in Wuhan, a city within the Hubei province of China. The disease 
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and the virus that causes it have been named as COVID-19 and SARS-COV-2 

respectively. In January 2020, the outbreak spread to multiple cities in China, with 

cases now confirmed in multiple countries1-3. Human to human transmission is 

strongly associated with COVID-9 and SARS-COV-2. Respiratory droplets and 

human to human contacts are the main routes of transmission of the virus4. In the 

early stages of this disease, symptoms of severe acute respiratory infection occur, 

with some patients rapidly developing acute respiratory distress syndrome 

(ARDS) and other serious complications, which are eventually followed by 

multiple organ failure5. Therefore, early diagnosis and timely treatment of critical 

cases is very crucial. At present, the occurrence, development, mechanism of 

prognosis and immune status of patients with COVID-19 are still unclear. In this 

study, we have assessed haematological characteristics of the patients. Also, we 

have determined the correlation between clinical laboratory data and the severity 

of COVID-19 in adult patients. Moreover, we have determined the predictive 

value of clinical laboratory data for the severity of COVID-19. 

MATERIALS AND METHODS 

Study Subjects 

We conducted a retrospective study on COVID-9 patients from January 23, 2020 

to February 2, 2020 in the Fuyang Second people's hospital. The Patients were 

diagnosed according to the World Health Organization interim guidance for 

COVID-19. Fluorescent RT-PCR was used to confirm each diagnosis made. 43 

patients, aged 19–70 years (43.74±12.12 years), were recruited for the study. 

They comprised 17 females and 26 males. Blood samples were collected from 

each participant, and then used for haematological investigations. The patients 

were then put into two groups in terms of the severity of the disease. Hence, there 

was the mild group (consisting of 28 patients) and the severe group (consisting of 
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15 patients). Permission to conduct the study was approved by the Ethics 

Committee of Fuyang Second People’s Hospital; and informed written consent 

was obtained from each patient. 

Clinical Laboratory Data 

Routine blood tests [White blood cell count (WBC), Lymphocyte count (LYM), 

Mononuclear count (MONO), Neutrophils count (NEU)] were performed on the 

blood samples. Blood biochemistry parameters [Aspartate aminotransferase 

(AST), Alanine aminotransferase (ALT), Glucose (Glu), Urea, Creatinine (Cr), 

Cystatin (Cys-c), Uric acid (UA) and C-reactive protein (CRP)] were measured 

using HITACHI 7600-020 automated biochemistry analyzer. The reagents used 

were provided by Shanghai Shenneng-DiaSys Diagnostic Technology Company. 

Coagulation functions [the D-Dimer, thrombin time (TT), Prothrombin time (PT), 

Fibrinogen (FIB), Activated partial thromboplastin time (APTT)] were determined 

using Sysmax CS5100 hemagglutinin analyzer. Procalcitonin (PCT) was detected 

by Biomerieux mini-vidas automatic fluorescence immunoanalyzer. Interleukin-6 

(IL-6) was detected by Rochecobase601 on the fully automated electrochemical 

luminescence immunodetector, using the corresponding reagent. Mild patients 

used data from their first laboratory test on admission, while severe patients had 

their most recent laboratory test before their clinical diagnosis. All the operations 

were done by specially-assigned personnel and in strict accordance with the 

instructions regarding the use of the reagents. 

Statistical Analysis 

Data on AST, Urea, Cr, Cys-c, UA, CRP, WBC, LYM, MONO, NEU, TT, FIB, 

APTT, PT levels were expressed as means ± standard deviation (SD). Differences 

in the levels of these parameters between the mild and severe patients of the 
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disease were determined with the student’s t-test, as the data were normally 

distributed. Gender was compared using χ2 test, and ages were shown as means ± 

SD. Since the data regarding ALT, GLU, PCT, IL-6 and D-Dimer levels were not 

normally distributed, they were compared between the two groups using Mann 

Whitney U tests. The results were presented in terms of median (IQR). The AUC 

and the 95% confidence interval of the receiver operator characteristic (ROC) 

curve and logistic regression analysis were computed using the predicted 

probability of the severe COVID-19. The optimal cut-off points to predict the 

severity of COVID-19 were determined by Youden’s index. A two-sided P value 

<0.05 was considered significant. The results of the analysis were obtained using 

SPSS for windows. 

RESULTS 

Baseline data 

The study involved forty-three patients. The mean age of the 15 patients (9 males 

and 6 females) who presented with the severe form of the disease was 45.2 years 

(SD: 7.68 years). The mean age of the 28 patients (17 males and 11 females) who 

presented with the mild form of the disease was 42.96 years. P-values of gender in 

the severe group and the mild group were 0.194 and 0.503. There were no 

significant differences between the severe group and the mild group in gender and 

age. Baseline Characteristics of Patients With COVID-19 were shown Table 1. 

The difference between the two groups was significant in Diabetes and COPD 

(chronic obstructive pulmonary disease). 

Clinical Laboratory Data 

The haematological characteristics of the patients are shown in Table 2. The 

levels of WBC, LYM, MONO, NEU, AST, ALT, UR, CR, CysC, UA, APTT, PT 
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and PCT were not significantly different between the two groups. The level of 

GLU in the severe group (Median: 7.73 mmol/L; IQR:5.32 mmol/L,9.91 mmol/L) 

was significantly higher than in the mild group (Median: 6.00 mmol/L; IQR: 5.45 

mmol/L,7.07 mmol/L) (z= -2.293, P = 0.022). The level of CRP was significantly 

higher in the severe group (39.37 ± 27.68 mg/L) than in the mild group (18.76 

± 22.20 mg/L)( t = 2.660, P = 0.011). The level of IL-6 was significantly higher 

in the severe group (Median:36.10 pg/mL; IQR:23.00 pg/mL,59.20 pg/mL) than 

in the mild group (Median:10.60 pg/mL; IQR:5.13 pg/mL,24.18 pg/mL) (z = -

3.160, P = 0.002). TT level was significantly higher in the severe group (15.87 ± 

2.11 s) than in the mild group (14.50 ± 1.71 s)(t = 2.319, P = 0.025). FIB level 

was significantly higher in the severe group (3.84 ± 1.00 g/L) than in the mild 

group (3.11 ± 0.83 g/L) (t = 2.553, P = 0.014). D-Dimer level was significantly 

higher in the severe group (Median: 0.49µg/L; IQR:0.29µg/L,0.91 µg/L) than in 

the mild group (Median: 0.21 µg/L; IQR:0.19 µg/L,0.27µg/L) (z = -2.693, P = 

0.007). 

Analysis by receiver operating characteristic curve (ROC)  

The ROC curve was used to analyze the early-warning efficiency and the optimal 

prediction threshold of COVID-19 intensification. The AUC of IL-6 which was 

used to predict the severity of COVID-19 was 0.795 (P < 0.0001), which could 

better predict whether COVID-19 was complicated by severe pneumonia. The 

optimum critical point of IL-6 in the group was 24.3 pg/ml, which was the upper 

limit of no severe pneumonia. Similarly, the AUC used by D-Dimer to predict the 

severity of pneumonia was 0.750 (P = 0.0053). The optimum critical point was 

0.28 ng/L, which was the upper limit of no severe pneumonia. When IL-6 and D-

Dimer were used for combined detection, the AUC for predicting the severity was 

0.840 (P <0.0001), while the AUC of other indicators (GLU, TT, FIB, CRP) were 
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lower than 0.750 indicating that the combined detection increases sensitivity and 

specificity. The prediction efficiency is shown in Figure 1 and Table 3.  

Effects of IL-6 and D-D on the occurrence of the severe COVID-19 

The severe COVID-19 was as the dependent variable (yes = 1, no = 0), and IL-6 

(> 24.3 pg/mL =1, ≤ 24.3 pg/mL= 0), D-Dimer (>0.28 µg/L = 1, ≤0.28 µg/L = 0) 

were as independent variables for Logistic regression analysis. IL-6 [OR =17.304 

(95%CI 2.416, 123.933), P = 0.005], D-Dimer [OR = 12.319 (95%CI) 1.716, 

85.862), P = 0.012] were independent risk factors for the severity of COVID-19. 

The regression equation used was: Logit (P) = -3.106+ 2.851 (IL-6) +2.496 (D-

Dimer), which was statistically significant (χ
２ = 27.387, P = 0.000), and the 

prediction accuracy was 86.0%, as shown in Table 4. 

Analysis of the effectiveness of individual and joint indicators (IL-6 and D-

Dimer) for predicting the occurrence of the severe COVID-19 

When IL-6 was over 24.3 pg/mL, the severity of COVID-19 could be predicted, 

with sensitivity and the specificity of 73.3% and 89.3% respectively, The severity 

of COVID-19 was predicted when D-Dimer was over 0.28 µg/L, with the 

sensitivity and the specificity of 86.7% and 82.1%, respectively. When IL-6 was 

beyond 24.3 pg/mL or D-Dimer was beyond 0.28 µg/L, the sensitivity and the 

specificity were 93.3% and 75.0%, respectively. And the corresponding AUC was 

0.872. When combined IL-6 with D-Dimer by parallel testing, the sensitivity and 

the specificity were 66.7% and 96.4%, respectively. The corresponding AUC was 

0.815. The specificity reached the highest point at 96.4% when IL-6 and D-Dimer 

were combined by tandem testing. The sensitivity was 93.3% when IL-6 and D-

Dimer were combined by parallel testing, as shown in Figure 2 and Table 5. 
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DISCUSSION 

We reported here a cohort of 43 patients with laboratory confirmed COVID-19. 

Patients had serious pneumonia and were admitted to the designated hospital in 

Fuyang, China. All are imported cases. The clinical presentations are very similar 

to SARS-CoV. Coronaviruses (CoVs), a large family of single-stranded RNA 

viruses, can infect a wide variety of animals, including humans, causing 

respiratory, enteric, hepatic and neurological diseases6. Human coronavirus is one 

of the main pathogens of respiratory infection5. Most patients have mild symptoms 

and good prognosis. So far, a few patients with SARS-CoV-2 have developed 

severe pneumonia, pulmonary oedema, ARDS, or multiple organ failure and have 

died. Patients with severe illness developed ARDS and required ICU admission 

and oxygen therapy7. So far, no specific treatment has been recommended for 

coronavirus infection except for meticulous supportive care8. Currently, the source 

of the infection has not yet been identified. The approach to this disease is the use 

of personal precautionary measures to reduce the risk of transmission, and early 

diagnosis of the disease. 

This study reported the results of blood routine, blood biochemistry, 

coagulation function and infection-related biomarkers of the adult patients with 

COVID-19. We found that WBC, LYM, NEU, MONO counts were not 

significantly different between the severe group and the mild group. However, 

Huang C, et al found low lymphocytes and WBC counts in most patients 6. WBC 

(the severe group: 4.26±1.64×109/L and the mild group 4.96±1.85×109/L) and 

LYM (the severe group: 1.20±0.42×109/L and the mild group: 1.07±0.40×

109/L) were close to the bottom line of the normal range in many patients in our 

study results. This result suggests that SARS-CoV-2 might mainly act on 

lymphocytes, especially T lymphocytes, as does SARS-CoV. Virus particles 
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spread through the respiratory mucosa and infect other cells, induce a cytokine 

storm in the body, generate a series of immune responses, and cause changes in 

peripheral white blood cells and immune cells such as lymphocytes. Some studies 

suggest that a substantial decrease in the total number of lymphocytes indicates 

that coronavirus consumes many immune cells and inhibits the body’s cellular 

immune function. Damage to T lymphocytes might be an important factor leading 

to exacerbations of patients8. The blood biochemistry indices, except for Glu, 

were not different between the two groups. The median and IQR of Glu in severe 

COVID-19 patients were 7.73 mmol/L and 4.59 mmol/L in the severe patients. 

Chen et al. reported the Glu was 7.4 (3.4) mmol/L (median and IQR)5. It might be 

because most severe patients have underlying diseases that caused high Glu level. 

This study found that coagulation function was significantly different between the 

severe group [0.49(0.29,0.91) µg/L)] and the mild group [0.21(0.19,0.27) µg/L]. 

Wang et al. found difference in laboratory findings between patients admitted to 

the ICU [414(191,1324) mg/L] and those not admitted to the ICU [166(101,285) 

mg/L], including higher levels of D-Dimer 9. The results showed that patients with 

severe conditions would have abnormal coagulation. Coagulation activation could 

have been related to sustained inflammatory response. Infection-related 

biomarkers appeared to differ between the two groups (IL-6). However, the 

proportion of IL-6 above normal was [36.10(23.00,59.20) pg/mL] in the severe 

group, which was significantly higher than that in the mild group 

[10.60(5.13,24.18) pg/mL]. This was in line with the concept of "Cytokine 

Storm", which must be experienced by patients with mild illness to become 

severe, emphasized by Lanjuan Li, an academician of the Chinese Academy of 

Engineering. Among these risk factors, ROC curve was used to analyze the 

specificity and sensitivity of different variables in the severe COVID-19 patients. 

The AUC of IL-6 and D-Dimer were 0.795 and 0.750, respectively, while those of 
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Glu, TT, CRP and FIB were below 0.750, thus leading to poor predictive value. 

When IL-6 and D-D were jointly predicted, the ROC curve integral of severe 

COVID-19 was 0.840 (p< 0.01) as good predictors of severe COVID-19 under the 

ROC curve, and the combined detection effect was better. Combined detection 

was more efficient than independent detection. Logistic regression analysis 

showed that IL-6 and D-Dimer could predict severe COVID-19. The combined 

detection of IL-6 and D-Dimer plays a complementary role. The combination of 

the severe COVID-19 can be greatly improved by selecting different combinations 

according to different situations. Early prediction plays an important role. When 

IL-6 was over 24.3 pg/mL and D-Dimer was over 0.28 µg/L by series test and 

parallel test, the AUC of the COVID-19 with or without the severe was over 

0.750, which also confirmed the high prediction efficiency. 

In conclusion, our findings suggest that IL-6 and D-Dimer level can be used to 

estimate the severity of COVID-19. If necessary, the levels of IL-6 and D-Dimer 

should be measured, as they can help diagnose the severity of adult COVID-19 

patient. 

This study has several limitations. Firstly, the sample size was relatively small 

compared with Wuhan, where the disease originated, which may have some 

impact on the statistical results. Secondly, due to the large-scale outbreak of the 

epidemic restricting the flow of people, data on healthy patients are lacking as 

blank controls. Since this study was a retrospective study, not every patient was 

continuously monitored for all indicators in the blood including IL-6 and d-dimer 

levels. In future studies, data will be collected from healthy patients as blank 

controls to further explore the predictive value of IL-6 and D-dimer for patients 

with SARS-COV-2 infection. 
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FIGURE 1 ROC curves comparing the potential of different variables to predict 

the severe COVID-19. (a) The prediction of the severe COVID-19 variables for 

Individual indicators. (b) The prediction of the severe COVID-19 variables for IL-

6 combine with D-Dimer. 
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FIGURE 2 ROC curves of independent and joint detection were obtained when 

IL-6 and D-Dimer both took the best critical values. D-Dimer or IL-6 represented 

serial detection. D-Dimer and IL-6 represented parallel detection. 

 

TABLE 1 Baseline Characteristics of Patients With COVID-19 

 

 

No. (%)    

P value 
Total (N = 43) Severe 

group(15) 

Mild 

group(28) 

Age,y  45.20±7.68 42.96±14.00 0.503 

Sex    0.194 

 Female  6 11  
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 Male  9 17  

Comorbidities     

Diabetes 7（16.28） 6（40.00） 1（3.57） 0.005 

Hypertension 13（30.23） 6（40.00） 7（25.00） 0.501 

Cardiovascular 

disease 
3（69.77） 1（6.67） 2（8.00） 0.725 

COPD 8（18.60） 3（20.00） 0 0.037 

obesity 4（9.30） 3（20.00） 1（3.57） 0.114 

Data are mean ± SD； P values indicate differences between severe group and 

mild group patients. P < .05 was considered statistically 

significant. 

TABLE 2 Clinical Laboratory Data of 43 patients with COVID-19 

Variable 

Severe 

group(n=15) 

Mild group 

(n=28) 

t/z 

values 

P 

value 

AST(U/L) 27.80±11.42 33.21±18.24 -1.042 0.300 
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ALT(U/L) 27.00(21.00,41.00) 

24.50(15.75,37.75

) -0.446 0.655 

Glu(mmol/L) 7.73(5.32,9.91) 6.00(5.45,7.07) -2.293 0.022
▲
 

Urea(mmol/L) 4.51±1.76 4.09±1.29 0.913 0.367 

Cr(µmol/L) 65.33±15.55 66.96±13.38 -0.393 0.696 

Cys-c(mg/L) 0.862±0.21 0.820±0.130 0.760 0.452 

UA (µmol/L) 201.60±90.59 256.54±85.86 -1.963 0.056 

CRP (mg/L) 39.37±27.68 18.76±22.20 2.660 0.011
▲
 

PCT (ng/mL) 0.04(0.02,0.09) 0.02(0.01,0.04) -1.719 0.086 

IL-6 (pg/mL) 36.10(23.00,59.20) 10.60(5.13,24.18) -3.160 0.002
▲
 

WBC (×109/L) 4.26±1.64 4.96±1.85 -1.229 0.220 

LYM (×109/L) 1.20±0.42 1.07±0.40 1.031 0.309 

MONO (×

109/L) 0.37±0.16  0.43±0.19 -1.104 0.276 
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NEU (×109/L) 2.65±1.49 3.43±1.63 -1.556 0.127 

TT(s) 15.87±2.11 14.50±1.71 2.319 0.025
▲
 

FIB(g/L) 3.84±1.00 3.11±0.83 2.553 0.014
▲
 

APTT(s) 27.29±6.09 30.41±5.31 -1.745 0.089 

PT (s) 11.26±1.42 12.03±1.21 -1.872 0.068 

D-D(µg/L) 0.49(0.29,0.91) 0.21(0.19,0.27) -2.693 0.007
▲
 

Data are mean ± SD and median (IQR); P values for differences between two 

groups were obtained by a Student’s t-test or Mann Whitney U test. 
▲ is 

statistically significant (P＜0.05). 

TABLE 3 ROC curve analysis of Clinical Laboratory Data 

Variables AUC 95%CI P value 

IL-6 (pg/mL) 0.795 0.645~0.903 <0.0001 

D-D (µg/L) 0.750 0.595~0.869 0.0053 

Glu(mmol/L) 0.714 0.556~0.841 0.0464 
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TT(s) 0.711 0.552~0.826 0.0092 

FIB(s) 0.695 0.536~0.789 0.0229 

CRP (mg/L) 0.600 0.440~0.746 0.3688 

D-D_IL-6 0.840 0.697~0.934 <0.0001 

 

TABLE 4 Analysis on the occurrence of severe COVID-19 in IL-6 and D-Dimer 

 B  SE Wald P value OR (95%CI) 

IL-6 2.851 1.005 8.055 0.005 17.304(2.416,123.933) 

D-D 2.496 0.998 6.255 0.012 12.139(1.716,85.862) 

constant -3.106 0.903 11.830 0.001  
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TABLE 5 Analysis of the effectiveness of individual and joint indicators (IL-6 

and D-Dimer) for predicting the occurrence of the severe COVID-19 

 Sensitivity (%) Specificity (%) AUC (95%CI) 

IL-6 73.3 89.3 0.813(0.665,0.915) 

D-D 86.7 82.1 0.844(0.701,0.936) 

IL-6 or D-D 93.3 75.0 0.872(0.698,0935) 

IL-6 and D-D 66.7 96.4 0.815(0.668,0.917) 
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