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Abstract: The present case study describes the dermatological manifestations of COVID-19 in a
patient with genetic thrombophilia (MTHFR–C677T mutation) and the identification of a SARS-CoV-2
variant of interest (VOI). A female patient, 47 years old, unvaccinated, with thrombophilia, was
diagnosed with COVID-19. She presented with urticarial and maculopapular eruptions from the
seventh day of symptoms, which progressed to multiple lesions with dark centers (D-dimer value
> 1450 ng/mL). The dermatological manifestations disappeared after 30 days, corroborating the
reduction in D-dimer levels. Viral genome sequencing revealed infection by the VOI Zeta (P.2).
Antibody testing, performed 30 days after the onset of symptoms, detected only IgG. The virus
neutralization test showed the highest neutralizing titer for a P.2 strain, validating the genotypic
identification. Lesions were suggested to be due to infection in skin cells causing a direct cytopathic
effect or release of pro-inflammatory cytokines triggering erythematous and urticarial eruptions. In
addition, vascular complications are also proposed to be due to the MTHFR mutation and increased
D-dimer values. This case report is an alert about COVID-19 in patients with pre-existing vascular
diseases, especially in unvaccinated patients, by VOI.

Keywords: COVID-19; dermatological manifestations; MTHFR mutations; Zeta variant

1. Introduction

Respiratory tract manifestations are the main symptoms of coronavirus disease 2019
(COVID-19); however, a wide range of clinical signs and symptoms associated with other
systems may occur [1]. Patients’ inflammatory state, such as a hyperinflammatory response,
under certain conditions or comorbidities could explain the clinical variables found in
COVID-19 [2]. Cutaneous manifestations, for example, appear in a prevalence that varies
from 0.2 to 45.6% [3] and can be directly related to the virus or complications of the
infection [4]. They can be classified into different types: pseudochills, exanthematous
lesions with macules and papules, urticarial, vesicular, or vaso-occlusive forms [5]. The
association of these signs is relevant for the clinical diagnosis, as they can assist in early
detection or even serve as a prognosis of moderate or severe forms of infection [6]. In
addition, it can help in understanding the pathogenesis of the disease and the adoption of
infection control policies.

Abnormalities of hemostatic parameters were also readily related to poor prognosis in
COVID-19, possibly associated with endothelial injury, stasis, and hypercoagulability in
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a severe inflammatory state [7]. Here, we describe a dermatological manifestation in an
unvaccinated patient, with thrombophilia and mutation in the methylenetetrahydrofolate
reductase (MTHFR) enzyme, during COVID-19 caused by a variant of interest (VOI) of
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

2. Case Presentation

A 47-year-old woman sought medical care presenting with 3 days of sore throat. Na-
sopharyngeal secretion was collected using a rayon swab and maintained in viral transport
medium (VTM: DMEM containing penicillin–1000 IU/mL, streptomycin–1000 µg/mL,
and amphotericin B–25 µg/mL) to diagnose COVID-19 by real-time reverse transcription
polymerase chain reaction (Applied Biosystem, Waltham, MA, USA) [8]. The nasal sam-
ple was kept at −80 ◦C for further characterization. The patient was prescribed therapy,
which was to last 5 days, of azithromycin (500 mg, 12/12h), vitamin B12 (0.4 mg), and zinc
(29 mg). Three days later, the patient returned to medical care still presenting a sore throat
accompanied by fever and tachycardia. Oral dexamethasone (20 mg, 6/6h, for 5 days) was
added to the treatment. On the seventh day of infection, the patient reported anosmia,
ageusia, and the appearance of urticarial and maculopapular rashes, initially on the limbs
and later on the neck and face, spreading to the rest of the body (Figure 1 A–C). On the
ninth day of symptoms, she presented multiple lesions with dusky centers (Figure 1D).
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Figure 1. Dermatological manifestations in a patient with COVID-19. Cutaneous lesions started
from the seventh day of symptoms in the form of urticaria and maculopapular rashes (A–C), with
evolution to multiple lesions with dusky centers on the ninth day of symptoms (D).

The patient sought care from a dermatologist who requested further tests and main-
tained therapy with vitamin B and zinc, but dexamethasone was replaced by prednisone
(20 mg, every 6 h). The imaging test was normal, but D-dimer was elevated: 1450 ng/mL
(reference value: 198 ng/mL). D-dimer levels remained high on the following day, and an
increase in C-reactive protein–CRP (11.1 mg/mL, reference value < 10.0 mg/mL) was also
observed. On this day, the patient informed the doctor that she had genetic thrombophilia
with a homozygous mutation of 5-methyltetrahydrofolate reductase (MTHFR) C677T. Treat-
ment with rivaroxaban (20 mg, 1 every 24 h, for 60 days) was immediately started, together
with prednisone (20 mg, 1 every 24 h), in addition to the interruption of physical activities.
The dermatological manifestations disappeared 30 days after their onset, concomitantly
with the decrease in D-dimer to 437 ng/mL. The timeline of clinical manifestations and
laboratorial examinations is presented in Figure 2.
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Figure 2. Timeline of the clinical manifestations and laboratory features exhibited by the patient. The
numbers (0–33) represent the days on which the symptoms were reported. RT-PCR positive, positive
result for COVID-19 by real-time reverse transcription polymerase chain reaction. D-dimer reference
value: 198 ng/mL.

Further analysis confirmed the identification of SARS-CoV-2 by genome sequencing.
Thus, viral RNA extraction was performed with the QIAamp Viral RNA Mini Kit (Qiagen,
Hilden, Germany), followed by DNAse RQI (Promega, Sáo Paulo, Brazil) treatment. Human
ribosomal RNA depletion was performed using the QIAseq Fast Select RNA Removal Kit
(Qiagen, Hilden, Germany). The viral RNA was subjected to random amplification in two
steps, according to Greninger et al. [9], with minor modifications. The sequencing library
preparation for the Illumina platform was performed with the Nextera XT Kit (Illumina, San
Diego, CA, USA), according to manufacturer’s instructions. Libraries were quantified using
the Qubit fluorimetric method (Thermo Fisher Scientific, Waltham, MA, USA) and loaded
onto the NextSeq 550 instrument for sequencing with 300 paired-end cycle kits (Illumina,
San Diego, CA, USA) at Hospital Israelita Albert Einstein (São Paulo, SP, Brazil). The data
were then filtered and trimmed, obtaining a Phred score of >20. The genome was assembled
by the “ab initio” strategy with the reference genome NC_045512.2 (SAR-CoV-2), using
SPADES software v.3.13.1. The assembly generated a genome of 299757 base pairs in size.
The whole-genome sequence of LAVIR-MA-UEL was submitted at DDBJ/ENA/GenBank
under the submission number SUB12140327. The data presented here are the first version.
After these analyses, it was identified as the variant of interest (VOI) “Zeta” or P.2, named
as SARS-CoV-2/human/BRA/LAVIR-MA-UEL/2021 (GenBank SUB12140327), which
showed the classic mutations in the spike glycoprotein: E484K, D614G, and V1176F.

Blood samples were also collected within 30 and 60 days of the onset of the patient’s
symptoms for serology and virus neutralization tests (VNT). The assay for neutralizing
antibodies from serum samples was performed using the cytopathic effect-based virus
neutralization test (CPE-VNT) [10]. Briefly, Vero cells (ATCC CCL-81, 104 cells/mL) were
cultured before infection (24 h) in a 96-well microplate. Serum samples were inactivated at
56 ◦C for 30 min. Serial dilutions (8 dilutions, 2-fold) of each serum (1:20 to 1:2560) were
used. The separated dilutions were mixed (v/v) with the TCID50/mL from three different
strains of SARS-CoV-2: Wuhan (GenBank MT350282), Zeta, or P.2 (EPI_ISL_770561) and
Gamma or P.1 (EPI_ISL_1060981) and pre-incubated for 1 h, at 37 ◦C, for virus neutralization.
The mixture (serum plus virus) was added to the cell monolayer and incubated for 72 h
at 37 ◦C and 5% CO2. Virus neutralization titer or VNT100 was considered the highest
serum dilution capable of neutralizing viral replication (absence of CPE–cytopathic effect).
For each assay, positive and negative controls were used, consisting of strong and safe
serum (RT-PCR positive + PRNT90) and pre-outbreak serum. The CPE-VNT experiment
was conducted in a biosafety level 3 laboratory [10]. Statistical analyses were obtained
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through GraphPad Prism (version 5.0). One-way ANOVA followed by Tukey’s test was
applied to determine the difference between group means. Results were expressed as the
mean ± standard deviation (SD). A p-value of <0.001 was considered statistically significant.
The experiments were conducted in duplicate.

The antibody testing (IgG and IgM), carried out 30 days after the onset of symp-
toms, was positive only for IgG (6.95 AU/mL, reference value: reagent > 1.1 AU/mL),
reinforcing the hypothesis that remission also occurred through viral neutralization by
the patient’s immune system. The VNT result showed the highest neutralizing titer for a
P.2 strain, followed by Wuhan, and the lowest for P.1, corroborating the genotypic iden-
tification of the Zeta variant of SARS-CoV-2 as the causal agent of the case presented.
Interestingly, the 60-day serum weakly neutralized P.2 and Wuhan and was negative for the
P.1 strain (Figure 3).
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Figure 3. SARS-CoV-2 virus neutralization test (VNT). The serum samples were collected 30 and
60 days after the onset of the patient’s symptoms and the assay and the dilutions were mixed with
three different strains of SARS-CoV-2 (Wuhan, Gamma or P.1, Zeta or P.2). The neutralization titer
was determined as the highest dilution of serum that neutralized virus growth (absence of cytopathic
effect). Results were expressed as the mean ± SD. Different lowercase letters (a, b, c) indicate
significant differences among groups (p < 0.001).

The study was conducted in accordance with the Declaration of Helsinki and approval
by the Ethics Committee in Research involving Human Beings of the State University
of Londrina–CEP/UEL and the National Research Ethics Committee (CEPE), guidance
(CAAE: 32492720.9.0000.5231)

3. Discussion

This case describes an unvaccinated patient with COVID-19 initially presenting with
urticarial eruptions, followed by erythematous lesions containing macules and papules,
predominantly involving the trunk (Figure 1). Cutaneous manifestations may occur at
different times of the disease and may indicate whether the lesions are induced by the virus
or by the host immune response to the infection. In virus-induced lesions, it is suggested
that the virus binds to angiotensin-converting enzyme 2 (ACE2) receptors expressed on
skin keratinocytes, causing a direct CPE [11,12]. Tan et al. [5] suggest that cutaneous
manifestations of COVID-19 present demographic differences in prevalence, being more
frequent in middle-aged (41.9 years) European and American female patients, who display
a high survival rate. Urticarial and maculopapular lesions exhibit similar patterns, co-
occurring with other symptoms such as anosmia/ageusia (23%) and are usually of short
duration (6 to 8 days). Pruritus is most common in urticarial lesions (92%), followed by
maculopapular lesions (56%) [13,14].
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Cutaneous manifestations may vary according to viral cutaneous tropism or the in-
duction of immune response and may be related to specific variants of SARS-CoV-2 [12].
However, information on cutaneous manifestations associated with SARS-CoV-2 variants is
very limited [15] owing to the reduced number of case reports and few dermatological stud-
ies with viral identification by sequencing, especially in regions with the co-circulation of
several strains. In the present study, the SARS-CoV-2/human/BRA/LAVIR-MA-UEL/2021
was identified as the variant of interest (VOI) “Zeta” or P.2 and presented the classical
mutational signatures in the spike (S) glycoprotein: E484K, D614G, and V1176F. These
mutations have already been reported in several variants, and the E484K substitution is
well known for its relationship with immune evasion [16]. A study by Yadav et al. [17]
showed that P.2-infected Syrian hamsters showed a marked loss in body weight and viral
replication in the respiratory tract with severe pneumonia. These results corroborate cases
of reinfection by strains with mutations in the spike glycoprotein, such as E484K in the
receptor binding domain (RBD) [16,18].

These mutations could also explain the absence of neutralization observed for the
P.1 variant in the VNT. Souza et al. [19] proposed an 8.6-fold reduction in the neutral-
ization capacity of the P.1 strain in plasma from individuals previously infected with
SARS-CoV-2. Studies suggest that the longer duration of neutralizing antibodies to
SARS-CoV-2 is associated with the severity of the infection, being lower for patients
with mild and asymptomatic conditions [20]. Furthermore, the neutralizing activity of
antibodies in plasma appears to decrease significantly between 1.3 and 6.2 months after
infection [21]. Nevertheless, a decrease in antibody levels does not necessarily equate to a
loss of immunity. Even at undetectable levels, memory B and T cells can generate a faster
or more effective response to future reinfections. The local synthesis of mucosal antibodies
in the airways can also help prevent or hinder infection [22].

The P.2 variant was described for the first time in Rio de Janeiro, Brazil, and possibly
emerged in July 2020 [23]. P.2 derived from the B.1.1.28 lineage, the same lineage that gave
rise to the variant of concern (VOC) P.1 or Gamma. D614G and V1176F mutations had
already been demonstrated in B.1.1.28 [24] and are positively correlated with increased
mortality rates. D614G is associated with higher infectivity and higher viral load [25], in
addition to increasing the prevalence of anosmia in COVID-19 patients [26], a symptom
also reported by the patient in the present study on the seventh day of infection. V1176F
is related to a more significant interaction with ACE2 due to the stabilization of the spike
protein trimeric complex [27]. Despite few studies reporting the association between
SARS-CoV-2 variants and dermatological manifestations, a reduction in rash cases was
reported during the circulation period of Delta (17.6%) and Omicron (11.4%) variants,
but with a longer duration. For the Delta variant, the occurrence of gangrene was also
suggested, in addition to acral and livedoid lesions, possibly related to the involvement
of the vascular system caused by this variant [28]. Thus, cutaneous manifestations can be
predictive of infection by SARS-CoV-2 and their monitoring could infer the identification
of new variants [29]. More studies like this are needed to establish this relationship.

Regarding the immune response to COVID-19 infection, several mechanisms have
been proposed. The possible mechanisms that generate urticarial lesions involve direct
degranulation of mast cells [30] or those induced by nonspecific drugs supposedly used
as early treatment [31–33]. In this case, during the anamnesis, the patient denied tak-
ing such drugs. The cutaneous manifestations can also be explained by a possible en-
dotheliitis evidenced by the intracellular detection of the virus in histopathological stud-
ies of patients with COVID-19 [34]. The binding of SARS-CoV-2 glycoproteins to the
ACE2 receptor, responsible for the degradation of vasodilating kinins such as bradykinin,
can also result in increased vascular permeability, accentuating edematous or urticar-
ial lesions [35]. Furthermore, the activation of bradykinin receptors can trigger a pro-
inflammatory effect, contributing to inflammatory skin manifestations [36,37]. The release
of pro-inflammatory cytokines, often called a cytokine storm, can reach the skin and stimu-
late dermal inflammatory cells, triggering erythematous and urticarial eruptions [38]. It is
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estimated that chemokine response and inflammatory cell infiltration occur seven to ten
days after symptom onset, leading to an increased risk of vascular hyperpermeability and
irreversible complications [39].

The case described here also highlights the elevation of serum D-dimer value, men-
tioned by several studies as the most common clotting abnormality in severe COVID-19 and
an independent risk factor for death, especially when values are greater than
1000 ng/mL [40]. The elevation of this fibrin degradation product may be associated
with disseminated intravascular coagulation, in which there is a reduction in clotting
factors and, consequently, in the occurrence of thrombosis of small and medium vessels.
In parallel with consumption, there is frequent destruction of fibrin networks, increasing
circulating D-dimer values [41]. Necrotic skin lesions may occur in 6% of patients with
cutaneous disease related to COVID-19 [13]. Another altered clinical parameter was serum
CRP, which was also suggested as an early marker of infection, inflammation, and severity
of COVID-19. CRP binds preferentially to phosphocholine expressed on the surface of
damaged cells, activating the classical complement pathway and modulating phagocytic
activity to eliminate damaged cells from the body. In this way, when inflammation or tissue
damage is resolved, the concentration of CRP decreases. The association between elevated
CRP concentration and worsening of patients with COVID-19 is proposed for values of
26.9 mg/L [42]. However, in the case presented, the elevation was discrete (11.1 mg/L).

In our patient, the cutaneous manifestation evolution can also be explained by the
presence of genetic thrombophilia as a risk factor. In suspected COVID-19-associated coagu-
lopathies, screening for thrombophilia is suggested [43]. The MTHFR–C677T mutation and
its influence on the immune status, as well as risk factors with thromboembolic phenomena,
have already been correlated in severe COVID [44–46]. However, the relationship with
cutaneous manifestations associated with SARS-CoV-2 VOI is rare. MTHFR is an enzyme
that regulates fundamental processes in cellular physiology. The C677T mutation in the
MTHFR encoding gene, in which cytosine is replaced by thymine at position 677, has been
suggested as the most common genetic cause of hyperhomocysteinemia (H-Hcy) [47]. Some
studies [48–50] have demonstrated an association between H-Hcy and peripheral vascular,
cerebrovascular, and coronary artery disease. Acute H-Hcy activates a pro-inflammatory
cascade through the upregulation of nuclear transcription factor (NF-kB) in neutrophils
and macrophages, which release a large amount of reactive oxygen species (ROS), poten-
tiating oxidative stress. The increased production of ROS, associated with acute respira-
tory viral infection by SARS, additionally overloads the oxidative defense system. More-
over, ROS-activated NF-kB can accelerate viral replication, as previously demonstrated in
SARS-CoV-1 infection [51].

Thus, some mechanisms can be suggested for the MTHFR mutation, with high levels
of the prothrombotic factor H-Hcy and the development of skin lesions due to coagulation
disorders, characteristic of severe COVID-19: increased pro-inflammatory cytokines (IL-6,
IL-2, IL-4, TNFα) or “cytokine storm”, platelet cell hyperactivity, platelet aggregation, clot
formation, and thrombus development. In addition to endothelial dysfunction, promoted
by limited nitric oxide generation, and endothelial disruption, combined with irreversible
thrombomodulin inactivation, by ROS [52–55]. The presence of the MTHFR mutation can,
therefore, make the disease related to the coagulation cascade more complex, with a greater
possibility of death due to thrombosis [56].

The intake of vitamins, including vitamin B and zinc, is suggested as a supportive
nutritional intervention in active COVID-19, contributing to the antiviral effect [57]. In
the present case study, the nutritional intervention was performed immediately after
confirmed diagnosis of COVID-19, which may have positively influenced the outcome
of the infection. The treatment of cutaneous manifestations includes low-dose systemic
corticosteroid therapy, which may be combined with antihistamines [58]. In the case
presented, the urticarial lesion disappeared within 24 h, followed by a maculopapular
lesion, lasting about 30 days, with constant use of corticosteroids (prednisone) for remission.
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The present study reports the first Brazilian case of cutaneous manifestations in
COVID-19, due to infection by VOI Zeta, associated with genetic thrombophilia caused
by MTHFR mutation. Thrombophilia and hematological disorders are among the leading
causes of death in COVID-19 [41,59,60], and a strong correlation with the MTHFR C677T
gene polymorphism has been proposed. Data stratified into ethnic groups, regarding the
frequency of MTHFR C677T and the incidence/mortality of COVID-19, show its worldwide
distribution, with increasing frequency from South to North and East to West, especially in
the Latin American population, which accounted for approximately 50% of frequency [61].
In the Brazilian population, the frequency of MTHFR C677T seems to be heterogeneous
due to miscegenation; however, some local studies suggest a variation from 37.3% to
58.5% [62–66]. In addition, the study associates the underlying disease (thrombophilia)
with the occurrence of dermatological manifestations in COVID-19. Although systematic
reviews suggest about 6% of this occurrence, the real frequency remains uncertain, ranging
from 0.2% to 45% [3]. It is noteworthy that many of these results were obtained from
electronic medical records, remote assessments carried out by patients, or even through
the inclusion of suspected (unconfirmed) cases, with no exclusion of other dermatoses.
The study performed by Dupont et al. [67] analyzed the frequency of cutaneous mani-
festations in two groups: electronic medical records and face-to-face consultations with
dermatologists, resulting in frequencies of 1.27% and 10.56%, respectively. Underreporting
contributes to a decrease in the frequency of real cases, and cannot be ruled out. Here, the
onset and evolution of cutaneous manifestations, which occurred during SARS-CoV-2 in-
fection, were followed in person and through clinical and laboratory parameters, including
genotyping and association with the monitoring of D-dimer levels, strongly correlating
with thrombophilia and excluding the occurrence of other viral infections as well as adverse
drug reactions. It is important to highlight that the present case involved a patient who
had not been vaccinated against COVID-19, reinforcing the importance of vaccination,
which is proven to reduce the onset of serious illnesses and death [68]. Therefore, this
study is inherently important for the understanding of the pathogenesis of COVID-19, as
it corroborates the appearance of cutaneous manifestations, associated with a VOI with
classical mutational signatures, in a state of hypercoagulability (thrombophilia). Despite the
limitation involving a single patient, viral, genetic, and environmental conditions seem to
be common to the study region, alerting the scientific and health professional communities.

4. Conclusions

The present case study described the occurrence of dermatological manifestation
during VOI infection in COVID-19 in a patient with genetic thrombophilia due to MTHFR
mutation. Clinical manifestations may be related to viral strain and host factors. We
suggest that cutaneous manifestations can be predictive of SARS-CoV-2 infection and their
monitoring can contribute to the identification of new variants. More studies on this subject
are needed to establish this relationship.
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