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Introduction
The ongoing global pandemic of coronavirus 2019 disease 
(COVID-19) has led to high rates of morbidity and mortality 
worldwide; with more than 700 million cumulative cases and 
more than 6.8 million deaths.1 Currently, 9 vaccines have proven 
to be highly effective and safe; however, the emergence of new 

SARS-CoV-2 variants and the decline in the immune response 
over time post-vaccination is worrying and raises the need for 
new vaccines and vaccine boosters.2,3 Meanwhile, mortality 
remains a concern despite progress in the management of ICU 
care. Thus, the improvement in the management of severe/criti-
cal cases is still important even in era of COVID-19 vaccine.4
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ABSTRACT

InTRODuCTIOn: Despite the efficacy of the COVID-19, the search for improvements in the management of severe/critical cases continues 
to be important. The aim is to demonstrate the kinetics of 4 serological markers in patients with COVID-19 who evolved in hypoxemia.

METHODS: From June to December 2020, the Health Secretariat of Rondônia State, Brazil, established a home medical care service team 
(HMCS) that provided clinical follow-up for health professionals and military personnel with COVID-19. The clinical and laboratory monitor-
ing was individualized at home by a nursing and medical team. In addition to laboratory parameters, C-reactive protein (CRP), interleukin-6 
(IL-6), fibrinogen, and D-dimer levels were periodically taken to monitor the evolution of treatment.

RESuLTS: Of 218 patients telemonitored, 48 patients needed special care by the HMCS team due to shortness of breath. Chest tomogra-
phy showed multiple ground-glass shadows and lung parenchymal condensations that was compatible with secondary bacterial infection 
associated with leukocytosis, for which antibiotics were prescribed. The symptoms were accompanied by increases of CRP and IL-6 levels 
followed by fibrinogen after a few days, for which an anticoagulant therapy was included. Thirty-three patients evolved to improvements in 
clinical signs and laboratory results. Between the sixth and eighth day of illness, 15 patients presented signs of hypoxemia with low O2 satu-
ration accompanied with an increase in the respiratory rate, with some of them requiring oxygen therapy. As they did not present signs of 
clinical severity, but their laboratory markers showed an abrupt IL-6 peak that was higher than the increase in CRP and a new alteration in 
fibrinogen levels, they received a supplemental dose of anticoagulant and a high dose of corticosteroids, which resulted in clinical 
improvement.

COnCLuSIOn: Our study demonstrates that monitoring of IL-6 and CRP may identify precocious hypoxemia in COVID-19 patients and pre-
vented the progressive deterioration of the lung injury.
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The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection causes an overactive immune 
response that leads to an excessive inflammatory reaction with 
the release of too many cytokines, a process called the “cytokine 
storm,” which is often seen in acute respiratory distress syn-
drome (SARS), sepsis and multiple organ failure.5-9 Clinical 
and laboratory findings of COVID-19 patients included alter-
ations in specific biomarkers, including inflammatory and 
immunological parameters (CRP, procalcitonin, IL-6), hema-
tological parameters (lymphocyte count, neutrophil-lympho-
cyte ratio, D-dimer, ferritin, prolonged prothrombin time, 
width distribution of red blood cells), cardiac (troponin, 
CK-MB, myoglobin), hepatic (AST, ALT, total bilirubin, albu-
min), and lung injury (Krebs von den Lungen-6).10,11 Different 
studies have shown that high levels of IL-6 and other inflam-
matory biomarkers are associated with poor outcomes in 
patients with COVID-19.12,13 However, the cytokine profile 
and kinetics of important inflammatory and thromboembolic 
markers in the course of the disease are still poorly under-
stood.11 Here, we present a retrospective longitudinal study 
that evaluated the dynamics of IL-6, C-reactive protein (CRP) 
and fibrinogen levels in outpatients with COVID-19 who 
evolved to hypoxemia.

Methods
Plan for early identif ication of COVID-19 severity

The Health Secretariat of the state of Rondônia located in the 
northern region of Brazil (central-western Brazilian Amazon) 
established a home medical care service team (HMCS) due 
high mortality rates in health professionals at the beginning of 
the COVID-19 pandemic. The cornerstone of the plan was the 
early identification and a severity analysis based on daily moni-
toring of clinical-laboratory parameters to assess the potential 
vulnerability of the patients. This follow-up was carried out by 
the HMCS team and consisted of a medical telehealth team 
that, when necessary, included a physical visit, and a nursing 
team for blood sample collection, monitoring of vital signs and 
medicine administration. The data demonstrated in this study 
were obtained from the HMCS team during the first wave of 
COVID-19 in Brazil and prior to the use of vaccination.

In summary, health professionals and military personnel 
with suspected COVID-19 were referred to the Oswaldo Cruz 
Polyclinic (OCP) in Porto Velho, capital of the state of 
Rondônia. They were submitted to a medical evaluation and 
diagnosis of SARS-CoV-2 infection by RT-PCR, via sample 
collection using an intranasal swab.14 When participants 
received a diagnosis of SARS-CoV-2 infection by RT-PCR, 
they were treated by the HMCS team. Patients who presented 
signs of clinical severity, evidenced by a Glasgow score of ⩽14, 
respiratory rate above 24 respiratory incursions per minute, and 
O2 saturation less than 90%, were referred for hospitalization to 
receive therapeutic and ventilatory support or admission to the 
ICU. All the patients who had no advanced symptoms or signs 

of clinical deterioration were followed up by HMCS team due 
to clinical signs and alterations in serological markers.

Clinical and laboratory monitoring of patients with 
COVID-19

From 2nd June 2020 to 31st December 2020, 218 patients with 
a positive diagnosis for COVID-19 were followed up by the 
HMCS team. The medical team of the HMCS carried out the 
telemonitoring and, when necessary, carried out face-to-face 
visits. The treatment was also personalized at home by a nursing 
team that checked the patient’s vital signs and administered 
medication, when necessary. In case of fever, chills, cough, 
fatigue, muscle or body aches, and a headache for more than 
3 days, patients received antibiotic therapy with 875 mg of 
amoxicillin +125 mg of clavulanate 3 times a day for 7 days. Of 
the 218 patients, in addition to common symptoms, 48 patients 
exhibited fever above 38°C, difficulty in breathing characterized 
by respiratory rate of over 20 respiratory incursions per minute 
(RIPM) and O2 saturation of less than 95%. Chest tomography 
showed multiple ground-glass shadows and lung parenchymal 
condensations and air bronchogram compatible with a second-
ary bacterial infection. Lymphopenia and leukocytosis were 
major hematological parameters. All the hemocultures were 
negative. The treatment was individualized for patients but, in 
general, they received venous antibiotic therapy and subcutane-
ous anticoagulant for 7 days, or a maximum of 14 days until 
clinical and radiological improvement and improvement in 
laboratory parameters. Of these 48 patients, 33 evolved to 
improvements in clinical signs and laboratory results.

Around the sixth day of follow up, the remaining 15 patients 
presented low O2 saturation accompanied by an increase in res-
piratory rate. Some of them required oxygen therapy. As telem-
onitoring was individualized and serological markers were 
continually determined, IL-6 levels increased earlier than those 
of CRP levels, and the peak of IL-6 in pg/mL was proportion-
ally higher than the peak of CRP in mg/L (see below in 
Results). An increase in fibrinogen levels above 437 mg/dL was 
associated with an abrupt increase in IL-6. For these 15 
patients, pulse therapy with 20 mg of dexamethasone was per-
formed on the first day, which was followed by 3 days at 10 mg/
day and 3 days at 5 mg/day. A broad-spectrum antibiotic was 
added to the treatment with an increase in enoxaparin to 2 mg/
kg/day for 7 days. These 15 patients evolved to improvements 
in clinical signs and laboratory results after a few days.

Serological markers

The determination of laboratory parameters and 4 markers 
were performed at Laboratório Estadual de Patologia e Análises 
Clínicas (LEPAC) of Porto Velho, capital of the state of 
Rondônia state. Access to the serological data regarding IL-6, 
CRP, fibrinogen, D and dimer of these patients was made 
available. The fibrinogen was determined using the Clauss 
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method in a coagulation analyzer (IL ACL Top 300, Werfen, 
USA). CRP and D dimer were determined using immunotur-
bidimetry (GOD-PAP, Modular EVO, Roche®), and IL-6 
using electrochemiluminescence (Roche®).

Ethical aspects

The study was approved by the Ethics Review Board of the 
Fundação de Medicina Tropical Dr. Heitor Vieira Dourado 
(CAAE: 51963021.9.0000.000). As it is secondary data 
obtained from the HMCS team and each electronic medical 
record was obtained anonymously, an informed consent form 
was not required for this research.

Results
The kinetics of markers for those who showed 
improvements in clinical signs after therapy

The Methods topic summarizes the clinical signs of 48 patients 
that exhibited with fever over 38°C, a respiratory rate of over 20 
respiratory incursions per minute (RIPM) and O2 saturation of 
less than 95%. Chest tomography showed multiple ground-glass 
shadows associated with lung parenchymal condensation and an 
air bronchogram compatible with secondary bacterial infection 
associated with leukocytosis. The patients showed an increase in 
the levels of CRP, IL-6 and fibrinogen and therefore received 
venous antibiotic therapy and a subcutaneous anticoagulant.

Of the 48 patients, 33 evolved to improvements in clinical 
signs and laboratory results. Figure 1A to D presents the kinet-
ics of CRP, IL-6, fibrinogen and D-dimer, respectively. Increased 
fibrinogen was used within this protocol as the standard indica-
tor for anticoagulant use (see red arrow) and patients were 
treated with one dose of 1 mg/kg/day of enoxaparin for 7 days. 
CRP started with higher levels and, when the patients were 
treated with venous antibiotic therapy, they had a progressive 
reduction in CRP (Figure 1A). The same is observed with IL-6 
levels after antibiotic therapy. When CRP levels were below 25 
mg/L, IL-6 reduced to normal levels (Figure 1B). After the 
increase in fibrinogen levels to over 437 mg/dL, the provision of 
a daily dose of 1 mg/kg/day of enoxaparin for 9 days was suffi-
cient for the normalization of the results (Figure 1C). There 
was no substantial increase in D-dimer (Figure 1D).

The kinetics of markers for those who evolved to 
hypoxemia and needed supplementary therapy

Of the 48 patients, the remaining 15 presented with low O2 
saturation accompanied by an increase in respiratory rate 
around the sixth day of follow-up. Some of them required oxy-
gen therapy. For all of them, the symptoms were accompanied 
by increases in IL-6, which was followed by increases in CRP 
levels (Figure 1E and F). For these patients, a broad-spectrum 
antibiotic was added to the treatment with an increase in 
enoxaparin to 2 mg/kg/day, and the introduction of pulse ther-
apy with 20 mg dexamethasone on the first day followed by 
3 days at 10 mg/day and 3 days at 5 mg/day.

The kinetic display of CRP levels started with high levels 
and, after the start of antibiotic therapy, there was a progressive 
drop (Figure 1E). IL-6 levels increased earlier than those of 
CRP levels, and the peak of IL-6 in pg/mL was proportionally 
higher than the peak of CRP in mg/L (see thick green arrow, 
Figure 1F). In Figure 1G, in the graph showing the fibrinogen 
levels, it is clearly demonstrated that when the patient was 
recruited by the service, the patient already presented increased 
levels of CRP, IL-6 and fibrinogen (see thin red arrow), which 
demonstrates that these patients had already had the disease 
for several days. Fibrinogen rose again after a few days, even 
when after returning to normal levels in the first days after 
antibiotic and enoxaparin therapy. For these patients, pulse 
therapy was prescribed with a broad-spectrum antibiotic and 
an increase in enoxaparin to 2 mg/kg/day. The pulse therapy 
was individualized with 20 mg dexamethasone on the first day, 
which was followed by 3 days at 10 mg/day and 3 days at 5 mg/
day. The re-appearance of an elevation in fibrinogen levels was 
an indicator for an increase in anticoagulation therapy with 
enoxaparin at 2 mg/kg day (see blue and red thick arrows, 
Figure 1E and G). D-dimer has been considered one of the 
severity criteria for SARS; however, D-dimer levels increased 
late in relation to fibrinogen (Figure 1H).

Discussion
The COVID-19 pandemic has had a profound and far-reach-
ing impact on a global scale and continues to represent a sub-
stantial public health concern. For this reason, the use of markers 
for early diagnosis can help healthcare providers to start inter-
ventions promptly.11 Until now, there are no data in the litera-
ture that demonstrate a follow-up using markers in COVID-19 
patients.9,15,16 Our study is the first to show a clinical and labo-
ratory follow-up of patients with COVID-19 since the first 
symptoms. At the time when HMCS was instituted, several 
randomized clinical trials had already demonstrated that corti-
costeroids and anticoagulants were effective in reducing hospi-
talizations, severity and mortality from COVID-19.17-20 There 
have been studies based on series of autopsy warning as to 
whether hemophagocytic lymphohistiocytosis could be the core 
issue of severe COVID-19 cases.21,22 As corticosteroid treat-
ment was not routinely recommended for the treatment of 
pneumonia caused by SARS-CoV-2, at the beginning of the 
COVID pandemic, Xu et al23 suggested that an appropriate use 
of corticosteroids together with ventilator support should have 
been considered for the severe patients in order to prevent the 
development of ARDS. Here, the prescription of a broad-spec-
trum antibiotic therapy, pulse therapy with dexamethasone and 
an increased dose of anticoagulant for those patients who 
required oxygen therapy prevented worsening of the infection. 
This prescription is in agreement with the study by López 
Zúñiga et  al20 that discusses high-dose corticosteroid pulse 
therapy as a way to increase the survival rate of COVID-19 
patients at risk of hyper-inflammatory response.

Early diagnosis and inflammatory biomarker trends predict 
respiratory decline and for this reason their use can help 
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healthcare providers to start interventions promptly.9,11,24-26 In 
this context, it has been established that the cytokine storm 
plays an important role in the process of aggravation of the 
disease.7-9,27 Several studies have demonstrated that a rapid rise 
in CRP and IL-6 levels precedes respiratory deterioration and 
the onset of severe disease.9,24,28,29 Here, patients who needed 
oxygen showed alterations in CRP, IL-6 and fibrinogen, as 
seen in Figure 1D to F, which has already been demonstrated 
by several studies.28-34 The computed tomography scans 
showed a high rate of lung involvement (CT images and per-
sonnel communications of clinicians from the HMCS team) 
and all the patients needed oxygen support. Effective suppres-
sion of the cytokine storm is an important way to prevent the 
deterioration of patients with severe COVID-19,19 as has 
occurred with other epidemics involving SARS, MERS, and 
severe influenza.35,36 In our study, the early and longitudinal 
monitoring of IL-6 and C-reactive protein helped to identify 
early on which patients would develop a worse clinical picture, 
with IL-6 proving to be the best marker for the cytokine storm 
in severe COVID-19.9,12,13,15,37-39 Therefore, our study is the 
first to show a clinical and laboratory follow-up of patients 
with COVID-19 since the first symptoms, and IL-6 served as 
the best marker to identify who might evolve to SARS.

Lastly, some studies have already demonstrated that 
fibrinogen levels serve as a good predictor for the dose of 

anticoagulant needed in the treatment of COVID-19.40,41 
Herein, D-dimer increased late in relation to fibrinogen. The 
increase in fibrinogen, due to an even greater increase in CRP 
and IL-6, led to the use of antibiotic therapy and anticoagulant 
treatment that resolved the infection. Our findings call into 
question the use of fibrinogen as an early marker of this throm-
botic stage, as seen in the H1N1 pandemic.42 One study dem-
onstrated via postmortem samples from people who died of 
influenza during 1918 to 1919 that they all exhibited severe 
changes that were indicative of bacterial pneumonia.43 
According to the authors, colonization of the nasopharynx 
with pathogenic bacteria in respiratory virus infections may 
predispose patients to a secondary bacterial infection due to 
impaired mucociliary clearance, thus allowing secondary bacte-
rial invasion, formation of vasculitis zones, capillary thrombosis 
and necrosis around the areas of bronchiolar damage.42 This 
finding in H1N1 infection seems to be in the same context as 
in COVID-19 patients since neutrophilia is common.42,44 In 
this context, one study demonstrated a signature of immune-
based biomarkers associated with mortality in COVID-19 
patients. According to the authors, a leukocyte migration from 
the blood-stream to infected tissues and abnormal levels of 
biomarkers associated with endothelial integrity indicate an 
endothelial dysfunction as the underlying mechanism of 
thrombosis in COVID-19.44 Taken together, the alterations in 

Figure 1. Kinetics of CRP, IL-6 and fibrinogen. (A-D) The kinetics of the markers in patients treated with antibiotics and an anticoagulant. (A) CRP levels 

during 16 days of follow-up. Dashed line - the reference value is 5 milligram per liter (mg/L); (B) IL-6. Dashed line - the reference value is 7 picograms per 

milliliter (pg/mL); (C) Fibrinogen. Dashed line - the reference value is 437 milligrams per milliliter (mg/mL); The red arrowheads indicate the beginning of 

anticoagulant therapy. The thick black line represents the mean of data and the gray area the standard deviation. (D) D-dimer. Dashed line - the reference 

value is 500 nanograms per deciliter (ng/dL); (E-H) The kinetics of the markers in patients treated with venous antibiotics, anticoagulant and corticoid.  

(E) CRP levels during 16 days of follow-up. Dashed line - 5 mg/L CRP, reference value; (F) IL-6, dashed line - 7 pg/mL IL-6, reference value; (G) Fibrinogen, 

dashed line - 437 mg/mL fibrinogen, reference value. (H) D-dimer, dashed line - 500 ng/dL D-dimer, reference value. The blue arrowheads indicate the 

beginning of antibiotic therapy. The blue arrow indicates the initiation of broad-spectrum antibiotic therapy in order to prevent superinfections; The red 

arrow indicates the increase in anticoagulation therapy with enoxaparin at 2 mg/kg day; The green arrow indicates the pulse therapy due to the inversion 

of IL-6 levels in relation to CRP, which is characterized by increases in IL-6 levels earlier than those of CRP levels, in which the peak of IL-6 in pg/mL was 

proportionally higher than the peak of CRP in mg/L.
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fibrinogen observed here were resounding in exposing endothe-
lial dysfunction and were indicative of the dose of anticoagu-
lant needed in the treatment of COVID-19. Therefore, our 
findings reinforce that the pulse therapy would not be suffi-
cient without an increased dose of cutaneous anticoagulant and 
a broad-spectrum antibiotic therapy as reported in several 
studies.9,39,45-49

Our study also had some significant limitations. The draw-
backs of the study were that, for some patients, not all the daily 
data for the 4 markers were present, despite our efforts to per-
form the monitoring and dosing of the 4 markers every day. 
This was due to some patients not presenting at the LEPAC or 
they were not present at their home address. In addition, this 
study has all the limitations of retrospective studies, such as the 
lack of complete clinical information in medical records, etc.

Conclusion
The following up of the markers was important to show impor-
tant changes in the kinetics of IL-6 and CRP as effective 
markers of severity, as well as the use of fibrinogen to monitor 
anticoagulant therapy. As the mortality and morbidity of 
COVID-19 is an ongoing concern, despite vaccine efficacy, the 
monitoring of IL-6 and CRP may improve the management of 
severe/critical cases of COVID-19 for precociously identifying 
worsening clinical signs.
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