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i Drug Applied Research Center, Faculty of Medicine, Tabriz University of Medical Sciences, Tabriz, Iran   

A R T I C L E  I N F O   

Keywords: 
Sweat 
COVID- 19 
Sars-Cov-2 
Detection 
Transmission 
Contamination 

A B S T R A C T   

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) disease, which started in Wuhan, Chin, has now 
become a public health challenge in most countries around the world. Proper preventive measures are necessary 
to prevent the spread of the virus to help control the pandemic. Because, SARS-CoV-2 is new, its transmission 
route has not been fully understood. In this study, we aimed to investigate the presence of SARS-CoV-2 in the 
sweat secretion of COVID-19 patients. Sweat specimens of 25 COVID- 19 patients were collected and tested for 
SARS-CoV-2 RNA by Real-time Polymerase Chain Reaction (RT-PCR) method. After RNA extraction and cDNA 
amplification, all samples were examined for the presence of ORF-1ab and N genes related to COVID-19. Results 
annotated by Realtime PCR machines software based on Dynamic algorithm. The results of this study showed the 
absence of SARS-CoV-2 in the sweat samples taken from the foreheads of infected people. Therefore, it can be 
concluded that the sweat of patients with COVID- 19 cannot transmit SARS-CoV-2. However they can be easily 
contaminated with other body liquids.   

1. Introduction 

On December 31, 2019, a cluster of atypical pneumonia cases 
appeared in China [1]. Rapidly, investigations identified a novel family 
B betacoronavirus, now officially named as SARS-CoV-2 by the Inter
national Committee on Taxonomy of Viruses (ICTV), and introduced as 
the etiological factor responsible for this infection [2,3]. Acute fever, 
cough, myalgia, dyspnea, and radiological evidence of bilateral pneu
monia with ground-glass opacity of lung have been observed in most 
patients with coronavirus disease 2019 (COVID-19), or SARS-CoV-2 
infection [4,5]. Although, mildly symptomatic or asymptomatic cases 
have also been reported [6–8]. According to the findings of epidemio
logic and genetic research, COVID-19 disease is transmitted by sustained 

human-to-human spread. It is now believed that transmission between 
individuals occurs mainly through respiratory droplets and contact [9]. 
On the other hand, with the discovery of SARS-CoV-2 in the feces of 
patients in the United States and China, it has been announced that there 
may be a risk of transmission of the virus through the feces of patients 
[10,11]. However, our knowledge of other possible ways of transmitting 
the virus, including vertical transmission (from infected mother to 
fetus), transmission through sperm and sweat, is not yet complete. In a 
study of 212 people infected with SARS-CoV-2, 114 reported “profuse 
sweating” and 102 of them reported “night sweats”. This indicates a high 
volume of substance for infection, if the sweat of these people has in
fectious SARS-CoV-2 [12]. On other hand, SARS-CoV-2 has similarities 
with acute respiratory coronavirus syndrome (SARS-CoV) and Middle 
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East respiratory syndrome (MERS) in terms of symptoms and biological 
mechanisms, although they differ in terms of infectivity and mortality 
[13,14]. Given the novelty of this virus, the use of research findings on 
MERS and SARS can help us understand the behavior of this virus. Based 
on previous findings from related human betacoronaviruses, one of the 
potential ways of transmitting the virus can be through the sweat se
cretions of patients with coronavirus infection [15]. According to pre
vious studies on the presence of betacoronaviruses in the sweat glands 
and the ability to transmit through the sweat of an infected person and 
the high rate of sweating in patients with SARS-CoV-2 and the high 
transmissibility of this virus, it is better not to ignore the possibility of 
transmission through contact with sweat Infected person [12,16–18]. 
Therefore, to clarify this issue, we have studied the sweat samples of 25 
patients with COVID-19. 

2. Materials and methods 

2.1. Patients and clinical specimens 

Twenty-five patients that were from the health staff were contributed 
in the testing of the presence of SARS-CoV-2 in sweat secretions. All 
patients were diagnosed based on clinical symptoms and contact history 
with further confirmation by positive results of qualitative real-time 
reverse transcriptase-polymerase chain reaction assay (qRT-PCR) tar
geting the ORF1ab and N gene (Sunsure, China) in respiratory specimens 
according to WHO interim guidance [19]. This study was approved by 
the Ethics Committee of Tabriz University of Medical Sciences with 
reference number IR.TBZMED.REC.1399.632. First, the patients’ fore
heads were disinfected with 70% ethanol and they were asked to go up 
and down the stairs (and do a little exercise) to make their bodies sweat. 
Sweat samples were taken from their foreheads by the Dacron swabs 
which were placed into viral transport media (VTM) and transferred to 
the laboratory by preserving the strict cold chain. 

2.2. RNA extraction and real-time PCR 

Viral RNA of SARS-CoV-2 was extracted using the viral RNA mini kit 
(Vazyme Biotech Co., Ltd., Nanjing, China) according to the manufac
turer’s protocol. In general, 200 μl of each sweat specimen were sub
jected to extraction with an elution volume of 50 μl. All samples were 
kept in − 80 for any further study to prevent hydrolysis of RNA. For the 
best results, examination was done in the same day as RNA of viruses 
were extracted. 

2.3. Real-time PCR 

Real-Time PCR was performed to synthesize cDNA using Novel 
Coronavirus (2019-nCoV) Nucleic Acid Diagnostic Kit (PCR-Fluores
cence Probing) (Sunsure Biotech. China). The kit contains PCR buffer, 
primers and probes, dNTPs, MgCl2, Rnasin, RT Enzyme, and Taq 
Enzyme. The detectors used are FAM (ORF-1ab region), ROX (N gene), 
and Internal Control (Cy5). Taqman RT- PCR was performed using the 
MIC PCR thermocycler (Applied Biomolecular system, Australia) at the 
following cycling conditions: 1 cycle at 50 ◦C for 20 min, 1 cycle at 95 ◦C 
for 1 min and 45 cycles at 95 ◦C for 15 s, 60 ◦C for 35 s then 72.0 ◦C for 
15 s. For analysis of the final results dynamic algorithm was used by 
cycling analysis in green and yellow and red fluorescence and cut off for 
fluorescence was 5%. Cut off for detection of virus according to the 
company report was above 200 copy number per ml. 

3. Results 

The 25 patients consisted of 15 males and 10 females. Their median 
age was 35 years (range 24–48 years). All of them had clinical features 
compatible with high viral load such as fatigue, fever, and low blood 
oxygenation levels and also positive result of real-time PCR of naso
pharyngeal sample (19.2 ≤ Ct ≤ 32) (Fig. 1). 

Out of twenty-five patients, twenty of them had CRP positive and 
blood changes such as lymphocyte depletion were observed in 18 of 
them. 

The result of Real-time PCR test for sweat samples taken from the 
forehead of these patients was that all samples were negative for the 
presence of SARS-CoV-2 that has been shown in Fig. 2 and only two 
positive cases were observed (Ct: 32.4 and Ct:28.17). 

4. Discussion 

Findings of the present study indicate sweat of the patients are not 
infective and is safe. SARS-CoV-2 is known as the seventh and newest 
coronavirus, which started spreading in December 2019 from Wuhan, 
China, and quickly spread around the world, becoming the biggest 
global health concern [20]. Clinical signs of COVID-19 disease range 
from mild upper respiratory tract infection to a multisystemic disease 
with the inflammatory and thrombotic immunological response [21]. 
The main reason for the wide spread of this virus is its transmission 
power and contagion, and evidence shows that asymptomatic people 
can transmit the disease [22,23]. Development of practical and effective 

Fig. 1. Average Cycle threshold (Ct) of patients in nasopharyngeal samples. These results indicate patient’s nasopharyngeal contamination with Sars-Cov-2.  

H. Fathizadeh et al.                                                                                                                                                                                                                            



Microbial Pathogenesis 149 (2020) 104556

3

Fig. 2. Amplification curve of the Sar-Cov-2 identification by A) ORF1-ab (in Green channel), B) N gene (in Yellow channel) and C) Internal control (In Red Channel). 
These curves show accuracy and sensitivity of the identification of target genes. (For interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.) 
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strategies to protect high-risk individuals and prevent the spread of the 
virus is urgently needed. However, the pathogenicity of SARS-CoV2 
infection and the pathways of virus transmission have not yet been 
clearly identified. In addition to proven routes of transmission of 
SARS-CoV-2, such as respiratory secretions and feces, the possibility of 
transmission through sweat is also considered. In this study, twenty-five 
infected patients, all of whom had clinical symptoms and high viral load 
in respiratory samples, were examined for the presence of SARS-CoV-2 
in sweat samples. All of them were negative and only two positive 
cases were found. By asking patients who tested positive, we found that 
they had touched their foreheads during the test and that their hands 
may have been contaminated with oral secretions or mucosa, so the 
positive result was actually due to contamination of the sampling site 
with the secretions of other parts. Unfortunately, very little study has 
been done on the possible role of sweat in the transmission of any of the 
betacoronaviruses, especially with regard to other deadly viruses that 
can be transmitted through the sweat of an infected person [24]. In 
2015, a report was presented that a Korean healthcare worker infected 
with the MERS coronavirus during cardiopulmonary resuscitation (CPR) 
of a MERS patient. According to the report, during CPR, a large amount 
of fluid was splashed and the nurse becomes infected by touching the 
mask and wiping the sweat from her face. Although this is not certain, 
one of the possible ways that this person became infected was through 
mucosal exposure to sweat contaminated with MERS coronavirus [17]. 
The presence of the SARS-CoV-2 in eccrine glands indicates that sweat 
can be a source of transmission [25]. In a 2004 study of four SARS-CoV 
patients, Ding and his colleagues found SARS-CoV RNA and nucleo
protein in the sweat glands, kidney, and intestine by in situ hybridiza
tion and immunohistochemistry. Accordingly, there were speculations 
that SARS-CoV could be transmitted through sweat, feces and urine 
[16]. One of the ways of transmission by sweat is through skin contact 
with mucus, similar to what has been said about the Korean healthcare 
worker [17]. From a theoretical point of view, one way of transmission 
can be path skin-object-mucosa so that contaminated sweat may remain 
on objects, which in turn may cause infection if touched by non-infected 
people [26]. The receptor for SARS-CoV-2 to enter human cells is human 
angiotensin converting enzyme 2 (ACE2), and it is thought that organs 
with high levels of this receptor will be able to accept more viruses and 
therefore be more likely to become infected [27]. ACE2 is itself exist in 
the skin, eccrine glands and smooth muscles around the sebaceous 
glands as well as within these glands [28]. The fact that the number of 
ACE2 receptors in the skin can absorb the SARS-CoV-2 raises concerns 
about how the SARS-CoV-2 is transmitted. Therefore, it is possible that 
not only inhaling or touching the oral and respiratory secretions and 
mucosa alone does not cause infection, but also simpler routes such as 
touching the sweat-soaked objects of the infected person can cause the 
infection. However, the results of this study refute the hypotheses about 
the possibility of transmitting SARS-CoV-2 through sweat, but still more 
research in this case with more samples and sweat sampling of other 
parts of the body are recommended to ensure this result. 
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[25] C. Santonja, F. Heras, L. Núñez, L. Requena, COVID-19 chilblain-like lesion: 
immunohistochemical demonstration of SARS-CoV-2 spike protein in blood vessel 

endothelium and sweat gland epithelium in a polymerase chain reaction-negative 
patient, Br. J. Dermatol. (2020). 

[26] N. Van Doremalen, T. Bushmaker, D.H. Morris, M.G. Holbrook, A. Gamble, B. 
N. Williamson, et al., Aerosol and surface stability of SARS-CoV-2 as compared 
with SARS-CoV-1, N. Engl. J. Med. 382 (2020) 1564–1567. 

[27] M. Hoffmann, H. Kleine-Weber, S. Schroeder, N. Krüger, T. Herrler, S. Erichsen, et 
al., SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2 and is blocked by a 
clinically proven protease inhibitor, Cell (2020). 

[28] I. Hamming, W. Timens, M. Bulthuis, A. Lely, Navis Gv, H. van Goor, Tissue 
distribution of ACE2 protein, the functional receptor for SARS coronavirus. A first 
step in understanding SARS pathogenesis, J. Pathol. 203 (2004) 631–637. 

H. Fathizadeh et al.                                                                                                                                                                                                                            

http://refhub.elsevier.com/S0882-4010(20)30922-0/sref22
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref22
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref22
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref23
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref23
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref24
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref24
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref24
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref25
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref25
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref25
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref25
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref26
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref26
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref26
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref27
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref27
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref27
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref28
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref28
http://refhub.elsevier.com/S0882-4010(20)30922-0/sref28

