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A B S T R A C T   

In early December 2019, an outbreak of coronavirus disease 2019 caused by a new strain of coronavirus (SARS- 
CoV-2), occurred in the city of Wuhan, Hubei Province, China. On January 30, 2020, the World Health Orga-
nization (WHO) declared the outbreak a public health emergency of international concern. Since then, frontline 
healthcare professionals have been experiencing extremely stressful situations and damage to their physical and 
mental health. These adverse conditions cause stress and biochemical, hematological, and inflammatory changes, 
as well as oxidative damage, and could be potentially detrimental to the health of the individual. The study 
population consisted of frontline health professionals working in BHU in a city in southern Brazil. Among the 45 
participants, two were infected with the SARS-CoV-2 virus and were diagnosed using immunochromatographic 
tests such as salivary RT-LAMP and qRT-PCR. We also evaluated biochemical, hematological, inflammatory, and 
oxidative stress markers in the participants. The infected professionals (CoV-2-Prof) showed a significant increase 
in the levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), cholesterol, lactic dehydro-
genase, lymphocytes, and monocytes. In this group, the levels of uric acid, triglycerides, leukocytes, neutrophils, 
hemoglobin, hematocrit, and platelets decreased. In the group of uninfected professionals (NoCoV-2-Prof), sig-
nificant increase in HDL levels and the percentages of eosinophils and monocytes, was observed. Further, in this 
group, uric acid, LDH, triglyceride, and cholesterol levels, and the hematocrit count and mean corpuscular 
volume were significantly reduced. Both groups showed significant inflammatory activity with changes in the 
levels of C-reactive protein and mucoprotein. The NoCoV-2-Prof group showed significantly elevated plasma 
cortisol levels. To our kowledge, this study is the first to report the use of the RT-LAMP method with the saliva 
samples of health professionals, to evalute of SARS-CoV-2.   

1. Introduction 

The emergence of viral diseases poses a serious threat to global 

public health. Several viral epidemics have emerged in the past few 
decades. On December 31, 2019, the Chinese Health Authority alerted 
the World Health Organization (WHO) [1] to several cases of pneumonia 
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of unknown etiology in the city of Wuhan in Hubei province, China [2]. 
The pathogen causing the new disease was named SARS-CoV-2 coro-
navirus, and the WHO named the disease coronavirus disease 2019 
(COVID-19) [3]. On December 14, 2020, 4.24 million confirmed cases 
and 294,046 deaths worldwide caused by COVID-19 were reported [1]. 
SARS-CoV-2 was classified as a 2B group beta-coronavirus with high 
similarity to two bat-derived coronavirus strains, with more than 96% 
identity. The genome of the new virus comprises a 5ʹ untranslated region 
(UTR), replicase complex (ORF1ab), Spike (S gene), E, M, and N genes, 
and 3ʹUTR [4]. Since the outbreak of SARS-CoV-2 infection began, the 
recommended gold standard assay is polymerase chain reaction with 
real-time reverse transcription (RT-qPCR). This technique has played an 
important role in the clinical diagnosis and investigation of suspected 
cases, with numerous commercially standardized kits and recommen-
dations from the CDC and WHO [5]. However, alternative methods have 
been proposed for the detection of SARS-CoV-2, including 
loop-mediated isothermal amplification (LAMP), developed by Notomi 
et al. [6]. RT-LAMP was performed under isothermal conditions of 65 ◦C 
for the amplification of genes such as the ORF1ab, and the spike (S), 
envelope (E), and nucleocapsid genes from SARS-CoV-2, and the results 
were obtained within 15–40 min [7–13]. The RT-LAMP technique can 
detect the virus in both throat and nasopharyngeal swab samples, with a 
detection limit ranging from 5 to 10 copies of RNA and with a 99%– 
100% agreement with RT-qPCR [10–12]. In addition, the results of 
RT-LAMP can be assessed by visual colorimetric evaluation, making 
result acquisition faster and more convenient than that of RT-qPCR [10]. 
The use of this method for screening SARS-CoV-2 by healthcare pro-
fessionals has not been reported to date. Health professionals face great 
demand for work, as well as risks to their physical integrity, and are 
frequently exposed to contagion by SARS-CoV-2. Therefore, they must 
be monitored, and the RT-LAMP method emerges as an alternative for 
the detection of SARS-CoV-2 because its operation is relatively simple 
and low-cost, and it has a shorter execution time compared to that of 
RT-qPCR [9]. The physical and psychological impact of stress experi-
enced by health professionals during the pandemic, as well as the fear of 
becoming infected with SARS-CoV-2 during the performance of profes-
sional activities, have been the subject of recent studies on the health 
conditions of these individuals [14]. Protocols with behavioral tests, as 
well as the evaluation of laboratory parameters capable of assisting in 
such investigations, are also important tools for understanding the re-
sults of such studies worldwide [12]. Biochemical, hematological, 
coagulatory, and oxidative damage markers stand out among the 
investigated laboratory parameters, in addition to numerous inflam-
matory markers, particularly cytokines, which can be detected in cases 
of SARS-CoV-2 infection [15–17]. We believe that the study of these 
markers combined with the detection of SARS-CoV-2 by a fast and less 
expensive technique could be an interesting tool to assist professionals 
to assess their condition. Thus, the aim of this study was to assess the 
condition of stress in health professionals in southern Brazil by inves-
tigating the presence of SARS-CoV-2 in the saliva of the individuals 
using the RT-LAMP technique, along with an evaluation of the 
biochemical, hematological, and inflammatory markers as well as 
oxidative damage in such professionals and a control group of 
non-professionals. 

2. Material and methods 

2.1. Study population 

A prospective, cross-sectional study was conducted, with 90 conve-
nience samples collected from frontline health professionals (45 in-
dividuals) in the fight against COVID-19 in Basic Health Units (BHUs) in 
the municipality of Pinheiro Machado, in the State of Rio Grande do Sul 
(RS), and samples from the control group (45 samples) composed of 
healthy individuals who do not work in the health field. A questionnaire 
was administered to collect socio-demographic data, in addition to 

closed questions directly related to the work of professionals during the 
pandemic. The questions also addressed pre-existing diseases and the 
use of medications. The inclusion criteria were: health professionals who 
perform their activities in at least one of the BHUs in the town of Pin-
heiro Machado/RS. Exclusion criteria were: health professionals and 
individuals in the control group who did not sign the ICF and/or who 
had already been diagnosed with COVID-19 within three months before 
the beginning of the study. 

2.2. Samples 

Saliva samples were collected from individuals in the non- 
professional health and control groups to detect SARS-CoV-2 using the 
RT-LAMP method. All health professionals and individuals in the non- 
professional control group were tested after nasopharyngeal swab 
collection by qRT-PCR at the Laboratório Central do Rio Grande do Sul 
(LACEN/RS) for the detection of SARS-CoV-2. After an overnight fast, 
blood samples were collected from all subjects by venous puncture into 
Vacutainer® (BD Diagnostics, Plymouth, UK) tubes in anticoagulants 
with EDTA and sodium citrate. The citrated plasma and serum tubes 
were centrifuged at 2500×g for 15 min at 4 ◦C. All collections were 
performed at the Rita de Cássia Laboratory, Pinheiro Machado/RS, and 
the Laboratory of Biochemistry Research and Molecular Biology of Mi-
croorganisms (LaPeBBioM), Universidade Federal de Pelotas (UFPel). 
All collection and transportation of samples used in the study followed 
the protocols recommended by the Center for Disease Control and Pre-
vention [18]. This study protocol (4.124.248) was approved by the local 
research ethics committee, and the volunteers who participated in the 
study signed a free prior informed consent form. 

2.3. Extraction of viral RNA 

Viral RNA of individuals’ saliva was extracted using the proteinase K 
method, as proposed by Chantal et al. [19], with a few modifications: 
Approximately 0.5 mL of the subjects’ saliva was collected in sterile 
falcon tubes and sent immediately to the laboratory to begin the 
extraction of the viral RNA. Then, 50 μL of saliva was transferred to a 
microtube, with 6.25 μL of proteinase K (20 mg/mL) added (Ludwig 
Biotecnologia, Porto Alegre, Brazil), 50 μL of buffer containing 10x TBE 
(Ludwig Biotecnologia, Porto Alegre, Brazil) and 1% Tween 20 (Sig-
ma-Aldrich, St. Louis, MO, U.S.A.). The tubes were incubated for 1 min 
at room temperature, and then for a further 4 min in a thermocycler at 
55 ◦C. Subsequently, the tubes were inactivated at 95 ◦C for 30 min. 
After this procedure, the material was used to detect SARS-CoV-2 using 
the RT-LAMP method. Samples from nasopharyngeal swabs as well as 
the positive control (inactivated SARS-CoV-2, kindly provided by Dr. 
Edison Durigon of the University of São Paulo (USP) were extracted 
using MagMax™ core nucleic acid purification kit (Applied Biosystems), 
according to the manufacturer’s instructions. After extraction, the RNAs 
were quantified using a NanoDrop® spectrophotometer (Thermo Sci-
entific, Waltham, MA). A concentration of approximately 10 ng RNA 
was used to perform RT-LAMP and RT-qPCR. 

2.4. RT-LAMP 

The RT-LAMP reaction was performed on saliva samples from the 
professional and non-professional group, as proposed by Park et al. [13], 
with a few modifications. Briefly, a reaction mixture with a final volume 
of 25 μL and made using the WarmStart® Colorimetric LAMP 2X Master 
Mix kit (New England Biolabs, Inc.) according to the manufacturer’s 
instructions, was used. Oligonucleotides for the N gene (Nsp3_1–61) and 
actin genes were synthesized. The concentrations used in each 
Nsp3_1–61 oligonucleotide reaction were: 1.6 μM of F3 (5ʹ 
GGAATTTGGTGCCACTTC 3ʹ) and B3 (5ʹ CTATTCACTTCAA-
TAGTCTGAACA 3ʹ), 0.4 μM of FIP (5ʹ CTTGTTGACCAA-
CAGTTTGTTGACTTCAACCTGAAGAAGAGCAA 3ʹ) and BIF (5ʹ 

C.M. Trassante et al.                                                                                                                                                                                                                           



Microbial Pathogenesis 158 (2021) 104975

3

CGGCAGTGAGGACAATCAGACACTGGTGTAAGTTCCATCTC 3ʹ), and 
0.4 μM LF (5ʹ CGGCAGTGAGGACAATCAGA-
CACTGGTGTAAGTTCCATCTC 3ʹ) and LB (5ʹ TCAAA-
CAATTGTTGAGGTTCAACC 3ʹ). The actin gene was used as an 
endogenous control, and the concentrations applied in each reaction of 
the oligonucleotide ACT were: 0.4 μM of primers F3 (5ʹ AGTACCC-
CATCGAGCACG 3ʹ) and B3 (5ʹ AGCCTGGATAGCAACGTACA 3ʹ), 0.4 μM 
of FIP (5ʹ GAGCCACACGCAGCTCATTGTATCACCAACTGGGACGACA 
3ʹ) and BIF (5ʹ CTGAACCCCAAGGCCAACCGGCTGGGGTGTTGAAGGTC 
3ʹ), and 0.4 μM of LF (5ʹ TGTGGTGCCAGATTTTCTCCA 3ʹ), and LB (5ʹ 
CGAGAAGATGACCCAGATCATGT 3ʹ), respectively. After the reaction 
mixtures were prepared, the tubes were incubated in a thermal block at 
65 ◦C for 30 min, and then using a colorimeter. 

2.5. qRT-PCR 

RNA samples extracted from the nasopharyngeal swabs of the 
healthcare professionals and control groups were evaluated by qRT- 
PCR, as described by Corman et al. [20]. Briefly, a reaction of 25 μL of 
final volume was used, with the following volumes added to the 1x 
concentrated master mix: 5 μL of sample RNA, 12.5 μL of 2 × reaction 
buffer, 1 μL of SuperscriptTM III One-Step with PlatinumTM Taq DNA 
Polymerase (Invitrogen, Darmstadt, Germany), 0.4 mM of each dNTP, 
0.4 μL of 50 mM MgSO4 solution (Invitrogen), 1 μg of non-acetylated 
bovine albumin (Roche), and DEPC-treated water. Primers and probes 
used were: E-Sarbeco-F (5ʹ ACAGGTACGTTAATAGTTAATAGCGT 3ʹ), 
E-Sarbeco-R (5ʹ ATATTGCAGCAGTACGCACACA3ʹ), E-Sarbeco-P1 
(5ʹ-FAM-ACACTAGCCATCCTTACTGCGCTTCG-BBQ 3ʹ), Rp-SARSr-F (5ʹ 
GTGARATGGTCATGTGTGGCGG 3ʹ), RdRp-SARSr-R (5ʹ CAR-
ATGTTAAASACACTATTAGCATA 3ʹ) and RdRp-SARSr-P1 (5ʹ- 
FAM-CCAGGTGGWACRTCATCMGGTGATGC-BBQ 3ʹ). The cycling 
conditions were: 55 ◦C for 10 min for reverse transcription, followed by 
95 ◦C for 3 min and 40 cycles of 95 ◦C for 15 s and 58 ◦C for 30 s. The 
reactions were performed on Real-time OneStep® equipment (Applied 
Biosystems, USA). 

2.6. Biochemical measurements 

Serum from individuals in the health professional and non- 
professional groups were initially used to assess the presence of anti- 
SARS-CoV-2 IgG/IgM antibodies using the immunochromatographic 
method (Wondfo Biotech Co. Ltd., China). Levels of uric acid, albumin, 
ALT, AST, creatinine, total cholesterol, HDL cholesterol, LDL choles-
terol, VLDL cholesterol, glucose, total globulins, lactic dehydrogenase, 
total proteins, C reactive protein, and triglycerides were assessed using 
standard methods on a Cobas MIRA® automated analyzer (Roche Di-
agnostics, Basel, Switzerland). Colorimetric mucoprotein was identified 
using the Labtest commercial kit (Minas Gerais, Brazil), as instructed by 
the manufacturer. Serum cortisol was determined by immunoenzymatic 
assay (ELISA). Cortisol level (Diagnostics Biochem Canada Inc) was 
quantified according to the manufacturer’s recommendations. Micro-
plate reading was performed on a microplate reader (TP-Reader, 
Thermo plate, China) with a length of 450 nm. FRAP, total oxidation 
status (TOS), and total antioxidant capacity (TAC) concentrations were 
determined on the Cobas MIRA®, described previously by Erel [21,22]. 
The ratio of total peroxide (TOS) to the TAC gave the oxidative stress 
index (OSI), an indicator of the degree of oxidative stress [23]. 

2.7. Hematologic analysis 

Hematological parameters were assessed in whole blood collected in 
tubes containing EDTA (Vacutainer®) using an ABX Micros 60® auto-
mated hematology system (HORIBA Medical, Japan). Total leukocytes 
(WBC), total erythrocytes (RBCs), hemoglobin concentration (Hb), he-
matocrit (Ht), mean corpuscular volume (MCV), mean corpuscular he-
moglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), 

and platelets (PLT) were determined. Blood smears were fixed in 
methanol and stained with Instant-Prov (NewProv®) staining to deter-
mine the differential WBC count. At least 200 WBCs were counted in 
differential WBC determinations. 

2.8. Anticoagulant activity 

Anticoagulant activity was determined based on thromboplastin 
partial actived time (aTTP) and prothrombin time (TP), which indicate 
the intrinsic and extrinsic coagulation pathways, respectively, in citra-
ted plasma [24]. The patient samples were then centrifuged at 800×g for 
10 min aTTP and TP were determined using monochannel coagulometer 
(Clotimer, Brazil) with commercial kits (Biotécnica, Varginha, Minas 
Gerais, Brazil), following the manufacturer’s instructions. 

2.9. Statistical analysis 

Data are expressed as the mean ± SD for duplicates or triplicates for 
each experimental point. Data were analyzed using one-way analysis of 
variance (ANOVA), followed by Dunnet’s multiple comparison test 
when needed, using GraphPad Prism 4.0 software. 

3. Results 

Table 1 shows the results from the socio-demographic questionnaire 
and closed questions directly related to the professionals’ performance 
during the COVID-19 pandemic, the existence of pre-existing diseases, 
and the use of medications. 

Table 2 shows the results of the immunological and molecular tests 
performed for the detection of SARS-CoV-2 in the study individuals. 

RT-LAMP (Fig. 1) detected the presence of SARS-CoV-2 in two saliva 
samples from the tested health professionals (channels 10 and 11). Due 
to this fact, the health professionals were subdivided into NoCoV-2-Prof 
and CoV-2-Prof during the course of the study. Results were confirmed 

Table 1 
Socio-demographic data of the individuals studied.   

NoCoV-2-Prof CoV-2-Prof No-Prof 

Gender (%) 
Female 86.7 100 77.9 
Male 13.3 0 22.1 
Age (years) 
18 to 35 57.8 100 35.6 
Above 35 42.2 0 64.4 
Education 
High school 54.6 0 73.3 
University education 45.4 100 26.7 
Profession 
Community agent/endemic 24.4 – – 
Doctors 8.9 50 – 
Nurses/Nursing technicians 31.1 – – 
Other health professionals 35.6 50 – 
Pre-existing diseases 
Some type of pre-existing disease 45.1 50 41.3 
Respiratory disease 21.4 – 12.7 
Hypertension 16.7 – 19 
Heart disease 4.8 – 3.14 
Diabetes 7.2 – 16 
Depression 4.8 50 7.86 
Use of medicines 
Contraceptive 32.6 50 22.4 
Losartan 10.9 – 8.8 
Hydrochlorothiazide 7.2 – 7.8 
Omeprazole 7.2 – 5.5 
Clonazepan 5.4 – 5.5 
Fluoxetine 3.6 25 3.3 
Metformin 5.4 – 7.8 
Budsonide 5.4 – 7.8 
Others 22.3 25 31.1 

Total (n = 90) 100% (43) 100% (2) 100% (45)  
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by qRT-PCR, indicating that RT-LAMP is a reproducible and reliable 
method. In addition, all negative results for RT-LAMP were also 
confirmed by qRT-PCR and presented similar results; that is, the pres-
ence of SARS-CoV-2 virus was not detected in the individuals’ naso-
pharyngeal swab samples. The serology results also showed the same 
pattern, with only NoCoV-2-Prof group IgG/IgM class antibodies 
detected after 15 days of viral infection. 

Table 3 shows the results of biochemical analysis. A significant 
reduction in the levels of uric acid and triglycerides can be seen in the 
CoV-2-Prof group when compared to No-Prof individuals. There was a 
significant increase in the levels of ALT, AST, HDL, and LDH in the CoV- 
2-Prof group compared with that in the No-Prof group. Significant in-
crease in HDL levels was observed in the NoCoV-2-Prof group compared 
to that in the No-Prof group. There was a significant decrease in the 
levels of uric acid, LDH, triglycerides, and VLDL in the NoCoV-2-Prof 
group compared to the No-Prof group. 

When assessing anti-inflammatory activity, a significant increase in 
mucoprotein levels can be seen in the NoCoV-2-Prof group (Fig. 2A) 
compared to the No-Prof group. A nonsignificant reduction in muco-
protein was observed in the CoV-2-Prof group compared to the No-Prof 
control. The levels of C-reactive protein showed a significant increase 
only in the CoV-2-Prof group compared to the No-Prof group (Fig. 2B). 

The professionals’ stress assessment was validated by the detection 
of serum cortisol levels. A significant increase in circulating cortisol 
levels was observed in the NoCoV-2-Prof group compared to the cortisol 
levels of the individuals in the No-Prof group (Fig. 3). 

Oxidative stress was assessed using FRAP, TOS, TAC, and the OSI 
assay. Fig. 4A shows the levels of antioxidants in the serum for the 
groups evaluated using the FRAP assay. Significant decrease in antiox-
idant levels can be observed in the NoCoV-2-Prof group compared to the 
No-Prof group. Fig. 4B shows the results of TOS levels. A significant 
increase in TOS levels was observed in the NoCoV-2-Prof and CoV-2-Prof 
groups compared to the No-Prof group. Fig. 4C shows TAC levels. There 
was a significant increase in TAC levels in the NoCoV-2-Prof group 
compared to the No-Prof group. Fig. 4D shows the results of the OSI. 

Table 4 shows the results of the hemograms. Significant reduction in 
the values of the WBC, neutrophils, hemoglobin, hematocrit, and 
platelets was observed in the CoV-2-Prof group compared with the No- 

Prof group. There was a significant increase in lymphocyte and mono-
cyte values in the CoV-2-Prof group compared to those in the No-Prof 
group. A significant increase in the values of eosinophils and erythro-
cytes was observed in the NoCoV-2-Prof group compared to the No-Prof 
group. There was a significant decrease in hematocrit and MCV values in 
the NoCoV-2-Prof group compared with that in the No-Prof group. 

Regarding coagulation proteins, a significant decrease in the pro-
thrombin time (PT) activity was observed in the NoCoV-2-Prof group 
compared to the No-Prof control (Fig. 5A). For the activated partial 
prothrombin time (aTTP), no significant differences were observed be-
tween the groups (Fig. 5B). 

4. Discussion 

Study participants were divided into three groups based on the re-
sults initially observed in the RT-LAMP method: NoCoV-2-Prof, CoV-2- 
Prof and No-Prof. This result was important, as it is the first report on the 
use of the RT-LAMP technique to test health professionals using saliva. 
Although the method was previously reported by Park et al. [13], using 
commercially available reagents, the RT-LAMP presented in this study 

Table 2 
Immunological and molecular tests performed in the study.  

Test Result NoCoV-2- 
Prof (n =
43) 

CoV-2- 
Prof (n 
= 2) 

No- 
Prof (n 
= 45) 

Immunochromatographic 
test 

Positive IgG/ 
IgM 

– (2/90) – 

Negative (43/90) – (45/ 
90) 

RT-LAMP (Saliva) Positive – (2/90) – 
Negative (43/90) – (45/ 

90) 
qRT-PCR Detected – (2/90) – 

Inconclusive – – – 
Not detected (43/90) – (45/ 

90)  

Fig. 1. Results of RT-LAMP in saliva samples for the study subjects. Channel 1 to 9: negative result for the detection of SARS-CoV-2. Channel 10 and 11: positive 
result for SARS-CoV-2. Pink reaction: no amplification; Yellow reaction: amplification. (For interpretation of the references to color in this figure legend, the reader is 
referred to the Web version of this article.) 

Table 3 
Biochemical parameters evaluated in the study.  

Tests NoCoV-2- 
Prof 

CoV-2-Prof No-Prof P value 

Uric Acid (mg/dL) 5.05 ± 2.23 
** 

4.15 ± 0.92 
* 

7.41 ±
1.55 

0.0001 

Albumin (mg/dL) 4.28 ± 1.34 4.05 ± 0.35 4.54 ±
1.06 

0.4562 

ALT (U/L) 15.62 ± 8.01 51.5 ± 23.3 
* 

42.8 ±
62.31 

0.0222 

AST (U/L) 22.7 ± 9.4 105 ± 
21.21 ** 

39.49 ±
39.45 

0.0001 

Creatinine (mg/dL) 1.15 ± 0.16 1.09 ± 0.06 1.24 ±
0.29 

0.1570 

Total cholesterol (mg/ 
dL) 

213.07 ±
47.25 

216 ±
12.72 

195 ±
39.02 

0.1237 

Glucose (mg/dL) 83.98 ± 57.9 74.5 ± 9.19 80.28 ±
27.7 

0.9077 

Total globulins (g/dL) 4.23 ± 1.64 6.15 ± 1.05 4.15 ±
1.69 

0.2535 

HDL (mg/dL) 91.5 ± 25.7 
** 

92 ± 23.7 
** 

64.4 ±
15.9 

0.0001 

Lactic dehydrogenase 
(U/L) 

270.5 ± 
64.16 ** 

515 ± 
91.92 ** 

343.9 ±
80.88 

0.0001 

LDL (mg/dL) 97.15 ±
42.91 

101 ± 36.7 96.07 ±
38.15 

0.9195 

Total proteins (g/dL) 8.51 ± 1.1 10.2 ± 0.71 8.67 ±
1.37 

0.1347 

Triglycerides (mg/dL) 122.1 ± 
82.18 * 

115 ± 
21.21 * 

173.1 ±
92.49 

0.0296 

Urea (mg/dL) 36.14 ± 9.63 30.3 ±
13.44 

39.6 ±
13.44 

0.1626 

VLDL (mg/dL) 24.43 ± 
16.44* 

23 ± 4.24* 34.6 ±
18.5 

0.0296 

Data are expressed as mean ± SD of the NoCoV-2-Prof and CoV-2-Prof groups 
compared to the No-Prof (control). *p < 0.05; **p < 0.01; ***p < 0.001 
compared to control. 
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showed interesting advantages over qRT-PCR. Some recent studies using 
RT-LAMP aimed at standardizing the method to detect viral RNA for the 
diagnosis of SARS-CoV-2 in nasopharyngeal samples [13,25–28]. Dao 
et al. [29] tested a two-color RT-LAMP assay protocol to detect 
SARS-CoV-2 viral RNA using a 300-primer set specific for the N gene. 
Yan et al. [10] developed an RT-LAMP assay that contained specific 
primers for the SARS-CoV-2 orf1ab and S genes. 

SARS-CoV-2 transmission is mainly mediated by saliva droplets [16]. 
The FDA has approved saliva as a source of virus detection. Ben-Assa 
et al. [29] applied the RT-LAMP method to nasal swab samples and 
self-collected saliva samples. Tests were performed on 186 samples from 
suspected patients, and the results, as well as thsoe from our study, were 
compared with those obtained using qRT-PCR. However, among the 
samples tested, only 3 were saliva. Two of them confirmed the results for 
SARS-CoV-2, and another was a suspected patient with a negative result. 
Tests of saliva samples from patients confirmed by RT-LAMP and 
RT-qPCR that 2 subjects were positive, while one negative case was 
confirmed as negative by qRT-PCR. Our results are consistent with those 
reported by Ben-Assa et al. [29], showing that RT-LAMP is a fast, 
low-cost, and safe method for the screening of SARS-CoV-2 in healthcare 
professionals. A study reported by Nagura-Ikeda et al. [30] evaluated 
self-collected saliva, with a median collection time of three days after 
receiving their first positive qRT-PCR results. Self-collected saliva at 
initial-stage symptoms proved to be an alternative option for diagnosing 
SARS-CoV-2. However, no study has yet tested a group of health pro-
fessionals using the RT-LAMP method to detect SARS-CoV-2 in the 
saliva. 

Among the 45 individuals health professionals who participated in 
the study, we observed a diversity of job functions at the BHUs. 
Depending on their roles, individuals may be more exposed to the risk of 
infection with SARS-CoV-2. Nurses and nursing technicians were 
exposed in greater numbers (31.1%), while doctors (8.9%) and com-
munity workers (24.4%) had lower exposure. Of individuals exposed, 
45.1% had pre-existing disease, with a prevalence of respiratory disease 
(21.4%), followed by hypertension (16.7%). Diabetes affected 7.2% of 
this population. Heart disease and depression were each present in 4.8% 
of participants. During this study, 2 professionals (one doctor and one 
dentist) had a detectable result for SARS-CoV-2 and ended up 
comprising the CoV-2-Prof group. Johnstone and Turale [31] reported 
that nurses and nurse technicians could be the professionals most 
affected by the virus during the pandemic. Our results showed that, 
although there was a greater number of professionals with this role in 
the NoCoV-2-Prof group, there were no cases of infection with the 
SARS-CoV-2 virus in this group during the study. 

The pandemic caused by the new coronavirus has had several psy-
chological effects worldwide. Previous psychiatric illnesses have been 
exacerbated. In this study, one psychological impact less reported by 
individuals was stress (4.7%), a result that was contrary to the increased 
levels of plasma cortisol observed significantly in the group NoCoV-2- 
Prof compared to No-Prof. Blackman [32] recently reported on 
emotional exhaustion of health professionals during the pandemic, with 
effects on the behavior of such individuals. For example, 74.4% of 
professionals stated that they had some change in their professional 
routine. Da Silva and Neto [33] found that the psychological suffering of 
health professionals can be associated with the uncertainty of a safe 
workplace. Moore et al. [34] showed that 35% of frontline professionals 
in the United Kingdom needed support but did not feel able to ask for 
help. Furthermore, 64% reported feeling anxious during the April 2020 
peak of the pandemic. 

Stress is the response of the body to any non-specific demand related 
to emotional tension and pressure [35]. Stress conditions can activate 
different metabolism response routes and cause oxidative damage in 
these individuals. Prolonged emotional pressure in distressing periods, 
such as the pandemic or chronic stress, can lead to a wide spectrum of 
physical and psychological illnesses [36]. Such situations can cause 
physiological changes, increasing the level of certain biochemical, he-
matological, coagulation, and inflammatory markers. 

In this study, a significant reduction in uric acid values was observed 
in the CoV-2-Prof group. A significant decrease in the levels of uric acid 
and triglycerides was observed in the NoCoV-2-Prof group. Qin et al. 
[37] reported that in severe cases of COVID-19, extremely low levels of 
uric acid were detected because of the disease. Trinder et al. [38] 
showed that changes in lipids correlate with the severity of the infection; 
that is, the more severe the infection, the greater the changes in lipid and 
lipoprotein levels. Alvarez [39] and Sahin and Yldiz [40] reported that 

Fig. 2. Anti-inflammatory activity with levels of mucoproteins (A) and C-reactive protein (B). Data are expressed as mean ± SD of the NoCoV-2-Prof and CoV-2-Prof 
groups compared to the No-Prof (control). *p < 0.05; **p < 0.01; ***p < 0.001 compared to control. 

Fig. 3. Individuals’ stress assessed by plasma cortisol levels. Data are 
expressed as mean ± SD of the NoCoV-2-Prof and CoV-2-Prof groups compared 
to the No-Prof (control). *p < 0.05; **p < 0.01; ***p < 0.001 compared 
to control. 
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triglyceride levels may be elevated or inadequatein cases of viral 
infection. Feingold et al. [41] also showed that in patients with 
COVID-19 infections, serum trigyceride levels were variable, both high 
and low. Wang et al. [42] found that the levels of serum triglycerides 
were important influencing factors for recovery from SARS-CoV-2 
infection. However, there are no data available in the literature 
regarding the measurement of these parameters in health professionals 
who work during the pandemic for a concrete comparison of results. 

A significant increase in ALT, AST and HDL levels in the CoV-2-Prof 
group was observed in this study. There was also a significant increase in 
HDL values and a significant decrease in urea, triglycerides and VLDL 
levels in the NoCoV-2-Prof group. Changes in liver function tests have 
been reported in up to 40% of COVID-19 patients [43–45]. The sug-
gested mechanism for liver damage involves the presence of angiotensin 

II receptors (ACE2) and transmembrane serine protease 2 (TMPRSS2) in 
cholangiocytes and hepatocytes, suggesting that the damage to liver 
function is caused by viral cytopathic effects [46,47]. In addition, other 
mechanisms may be involved, such as autoimmune damage, hypoxic 
hepatitis, and drug-induced liver damage [48]. There is association of 
the severity of COVID-19 with liver damage, and some meta-analyses 
indicate that alteration of these liver enzymes can be used as a prog-
nostic marker for the severity of COVID-19 [49,50] Shao et al. [47] 
conducted a study on 98 mild COVID-19 cases in patients at the Wenz-
hou Central Hospital in Wenzhou, China, and their results suggest that 
hepatobiliary complications are prevalent in patients with mild 
COVID-19. 

Thus, our results are inconsistent with the data in the literature. 
Regarding HDL dosage, the infected professionals had significantly 
increased values compared to the control group, differing from the re-
sults in the literature, which show a decrease in total LDL and/or HDL 
cholesterol levels in patients infected with COVID-19. In most studies, 
the severity of the disease is higher the greater the decrease in LDL and/ 
or HDL levels [41]. Decreased serum HDL cholesterol levels are associ-
ated with the severity of COVID-19 infection. Infected patients had 
drastically reduced concentrations of serum total cholesterol, 
high-density lipoprotein cholesterol, and low-density lipoprotein 
cholesterol [51]. As the professionals had a satisfactory recovery, HDL 
levels may have remained higher than those reported in the literature for 
the most severe cases of COVID-19 in hospitalized patients. In these 
patients, the levels of total cholesterol, LDL, and HDL may be decreased 
[32,33]. A study by Scalsky et al. [52] reported that high HDL levels are 
associated with a reduced risk of positive testing for SARS-CoV-2, a 
result opposite to the one we obtained, since this parameter was high in 
infected individuals. Li et al. [53] reported that a high level of lactic acid 
dehydrogenase (LDH) was significantly associated with severe 
COVID-19 on admission. Patients with risk factors such as older age, 
hypertension, and high LDH levels required careful observation and 
early intervention to prevent the worsening of COVID-19. According to 

Fig. 4. Antioxidant activity and oxidative stress of the individual groups belonging to the study. FRAP (A), TOS (B), TAC (C) and OSI (D). Data are expressed 
as mean ± SD of the NoCoV-2-Prof and CoV-2-Prof groups compared to the No-Prof (control). *p < 0.05; **p < 0.01; ***p < 0.001 compared to No-Prof (control). 

Table 4 
Blood count values of the groups evaluated.   

NoCoV-2-Prof CoV-2-Prof No-Prof P 

WBC (x 103/μL) 7.62 ± 3.3 2.8 ± 1.41 ** 6.41 ± 1.8 0.0052 
Rods (%) 0.7 ± 0.72 0 0.5 ± 0.56 0.1292 
Neutrophil (%) 68 ± 10.7 39.0 ± 2.12 *** 67 ± 4.9 0.0001 
Eosinophil (%) 2.0 ± 0.68 ** 2 ± 1 ** 1.0 ± 0.80 0.0043 
Basophil (%) 0.3 ± 0.4 0 1.0 ± 0.31 0.9082 
Lymphocyte (%) 24 ± 3.9 45.0 ± 3.53 *** 26 ± 3.4 0.0001 
Monocyte (%) 5.0 ± 1.30 15 ± 1.41 *** 4.5 ± 3.1 0.0001 
RBC (x 106/μL) 4.75 ± 0.63 ** 3.9 ± 0.19 4.23 ± 0.38 0.0003 
Hb (g/dL) 13 ± 0.81 10.9 ± 0.56 * 14.2 ± 1.56 0.0415 
Ht (%) 34.8 ± 12.9 * 34.3 ± 1.83 * 37.1 ± 3.3 0.0365 
MCV (fl) 82.7 ± 13.5 ** 85 ± 2.82 87.8 ± 3.8 0.0094 
MCH (pg) 33.0 ± 12.9 29.3 ± 0.91 32.7 ± 3.4 0.7709 
MCHC (g/dL) 33.8 ± 13.4 34.4 ± 1.69 37.6 ± 3.1 0.7463 
PLT (x 103/μL) 311 ± 113.4 125 ± 21.21 * 274.3 ± 65.9 0.0126 

Data are expressed as mean ± SD of the NoCoV-2-Prof and CoV-2-Prof groups 
compared to the No-Prof (control). *p < 0.05; **p < 0.01; ***p < 0.001 
compared to control. 
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Li et al. [50], Zhang et al. [54], and Wu et al. [55], a high level of LDH is 
a factor for COVID-19 severity. Wang et al. [42] found in their results 
that 40% of patients infected had high LDH. The CoV-2-Prof group 
showed a significant increase in LDH compared to the control group, but 
did not have a severe form of the disease. Erez et al. [56] reported that 
the LDH of 398 individuals was recognized as a marker for severe 
prognosis in several diseases, including cancer and infection. 

Inflammatory markers were evaluated in this study. A significant 
increase in mucoprotein (MUC) levels was demonstrated in the NoCoV- 
2-Prof group, and a non-significant reduction in mucoprotein was 
observed in the CoV-2-Prof group. There was no data in the current 
literature to compare these results, since it is the first report on the use of 
mucoproteins to assess the acute inflammatory process in health pro-
fessionals working during the pandemic. CRP levels increased signifi-
cantly in the CoV-2-Prof group. We attribute this increase to the SARS- 
CoV-2 viral infection in this group of professionals. Guan et al. [44] 
showed elevated C-reactive protein (CRP) levels in 60.7% of patients 
evaluated with COVID-19. Lippi, Plebani, and Henry [57] reaffirm this 
hypothesis, reporting that one of the most frequent laboratory alter-
ations in patients with COVID-19 is an increase in CRP by 75–93%. 
These data are in agreement with those described in the present study. Li 
et al. [53] observed that, approximately 7–14 days after the onset of 
initial symptoms, an increase in the clinical manifestations of the disease 
begins. This occurs in parallel with a pronounced systemic increase in 
inflammatory mediators and cytokines, which can be characterized as a 
“cytokine storm.” Higher CRP levels are associated with unfavorable 
aspects of COVID-19, such as the development of Acute Respiratory 
Discomfort Syndrome (ARDS), higher levels of troponin-T, myocardial 
injury, and death [55] Several studies have established that the hyper-
inflammatory response induced by SARS-CoV-2 is one of the main 
causes of illness severity and death in infected patients. 

It is known that chronic stress can stimulate the conserved tran-
scriptional response to adversit through the sympathetic nervous sys-
tem, leading to the induction of proinflammatory cytokines and the 
suppression of genes involved in the production of antibodies and in-
terferons, causing vulnerability to viral infections. Proinflammatory 
cytokines induce chronic inflammation and generate ROS, thus pro-
ducing an unbalanced oxidative stress response [58]. Oxidative stress 
results from an imbalance in the generation of oxidizing compounds and 
the performance of antioxidant defense systems [59]. Several respira-
tory viruses induce unregulated ROS formation due to increased 
recruitment of inflammatory cells at the site of infection [60]. Among 
the markers of oxidative stress, total antioxidant capacity (TAC), total 
oxidative state (TOS), and oxidative stress index (OSI) can act as 
important tools for investigating oxidative stress in organisms [21,22, 
61]. In addition, FRAP in the serum has been determined as an indirect 
method to assess antioxidant capacity. We observed a significant 
decrease in the level of antioxidants in the NoCoV-2-Prof group, 

significant increase in TOS levels in the NoCoV-2-Prof and CoV-2-Prof 
groups. A significant increase in TAC levels in the No-CoV-Prof group, 
and a significant increase in OSI levels in the NoCoV-2-Prof and 
CoV-2-Prof groups. Current research findings and reports have sug-
gested that oxidative stress plays an important role in SARS-Cov-2 in-
fections. The absence or reduction of oxidative stress would have a 
significant beneficial effect during the initial stage of viral infection, 
preventing the binding of viral proteins to host cells [59]. Derouiche 
[64] reports that oxidative stress affects repair mechanisms and the 
immune control system, which is one of the main events in the inflam-
matory response. This fact leads to oxidative stress that may be linked to 
a greater propensity to be infected with COVID-19, in addition to being a 
factor that increases the severity of the virus, especially in patients with 
chronic diseases. All reported markers used to assess the level of 
oxidative stress in groups of individuals were reported in an unprece-
dented manner. Thus, we do not have the data from the literature for 
comparison. 

Regarding the frequent hematological changes in patients with 
COVID-19, it is known that total leukocyte count demonstrates consid-
erable variation, sometimes appearing high or decreased, but lympho-
penia was evident. There was also a decrease in hemoglobin level [57]. 
The number of leukocytes in the CoV-2-Prof group was reduced. The 
hemoglobin in this group was also reduced, corroborating the data 
previously mentioned. The neutrophil count in the CoV-2-Prof group 
was decreased. Varim et al. [63] reported that individuals with severe 
COVID-19 had an increase in neutrophils compared to patients who had 
mild disease. Higher neutrophil value is related to poor prognosis. 
Neutrophils play a vital role in our immune defenses, eliminating 
invading microorganisms. Common causes of neutropenia include 
autoimmune diseases, drug reactions, chemotherapy, and hereditary 
disorders [66]. Although further research is required on the underlying 
etiology, several factors can contribute to COVID-19-associated lym-
phopenia. Lymphocytes have been shown to express the ACE2 receptor 
on their surface [65,67], and SARS CoV-2 can directly infect these cells, 
ultimately leading to cell lysis. In addition, the cytokine storm is char-
acterized by markedly increased levels of interleukins and tumor ne-
crosis factor alpha (TNFα), which can lead to apoptosis in lymphocytes 
[68,69]. Substantial cytokine activation may also be associated with 
atrophy of lymphoid organs [70]. 

Huang et al. [7] and Wang et al. [42] highlighted an association 
between lymphopenia and the need for care in the ICU. Wu et al. [55] 
showed an association between lymphopenia and the development of 
acute respiratory distress syndrome (ARDS). Lymphopenia, excessive 
activation of the inflammatory cascade, and cardiac involvement are 
characteristics of COVID-19, and have a high prognostic value. How-
ever, our understanding of the underlying mechanisms is still limited 
[71]. Professionals in the CoV-2-Prof group had increased lymphocyte 
values, contrary to the literature data. He et al. [70] comments that the 

Fig. 5. Evaluation of proteins from the intrinsic and extrinsic pathways of coagulation in the groups. TP (A) and aTTP (B). Data are expressed as mean ± SD 
of the NoCoV-2-Prof and CoV-2-Prof groups compared to the No-Prof (control). *p < 0.05; **p < 0.01; ***p < 0.001 compared to No-Prof (control). 

C.M. Trassante et al.                                                                                                                                                                                                                           



Microbial Pathogenesis 158 (2021) 104975

8

effect of lymphocytes in mild cases of COVID-19 (as in the case of the 
two individuals in the infected group) remains unclear. Monocytes were 
also increased in the CoV-2-Prof group. The effect of monocytes in mild 
COVID-19 cases is unclear. 

In line with our study, Zhou et al. [71] found significantly increased 
circulating proportions of CD14 and CD16 monocytes in peripheral 
blood of 33 patients hospitalized with COVID-19, and this percentage 
was highly increased in COVID-19 patients with acute respiratory 
distress syndrome. The platelet count in the CoV-2-Prof group was 
reduced. Platelet count is a simple, inexpensive, and easily available 
biomarker, which is why it was quickly adopted as a potential biomarker 
for COVID-19 patients [72]. It has been reported that the number of 
platelets was significantly reduced in patients with COVID-19, and even 
lower in non-survivors compared to survivors [72,73]. In the evaluation 
of coagulation proteins, a significant decrease in activity was observed 
in the prothrombin time (PT) of the NoCoV-2-Prof group and activated 
partial prothrombin time (aTTP). However, it is known that coagulation 
disorders are observed relatively frequently among patients with 
COVID-19, especially among those with severe disease with increased 
clotting times due to deficiency in the production by the liver [73]. 

5. Conclusions 

The psychological damage that the COVID-19 pandemic has caused 
to humanity is indisputable. One particularly affected group is that of 
health professionals who work daily to face the pandemic. RT-LAMP can 
be an alternative molecular method for screening SARS-CoV-2 in the 
saliva samples collected from these professionals. We consider it a fast, 
safe, and less expensive method than qRT-PCR. We emphasize that our 
study is the first to report the use of the RT-LAMP method with saliva 
samples from health professionals. Health care professionals have also 
experienced chronic stress during the pandemic, a fact confirmed here 
by the increase in plasma cortisol levels and the alteration of some 
biochemical, hematological, inflammatory, and oxidative stress 
markers. 
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