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Abstract 

Background Severe acute respiratory syndrome coronavirus 2 continues to threaten public health. The virus is caus‑
ing breakthrough infections in vaccinated individuals. Also, scarce information is available about cutaneous manifesta‑
tions after severe acute respiratory syndrome coronavirus 2 infection.

Case presentation and findings A case of a triple‑vaccinated (Pfizer) 37‑year‑old Hispanic American (Colombian) 
male who developed urticaria after Omicron BA.5.1 severe acute respiratory syndrome coronavirus 2 breakthrough 
infection is described. Virus isolation and whole genome sequencing along with immune and molecular assays were 
performed. Dermatological manifestations (skin rash and urticaria) after Omicron BA.5.1 infection were observed. 
Sequence analysis of the Omicron BA.5.1 isolate also revealed several important mutations. Hemogram analysis 
revealed leukocytosis and neutrophilia. Serology testing revealed anti‑spike immunoglobulin G serum titers but 
negative detection of immunoglobulin M at 10 days after symptom onset. Anti‑nucleocapsid, anti‑spike 1 immuno‑
globulin G, anti‑spike trimer, and anti‑receptor‑binding‑domain immunoglobulin G and immunoglobulin E sera were 
detected at different titers 10 days after symptom onset. Several serum levels of chemokines/cytokines (Interferon‑α, 
interferon‑γ, interleukin‑12/interleukin‑23p40, interleukin‑18, interferon gamma‑induced protein‑10, monocyte che‑
moattractant protein‑1, monokine induced by gamma, macrophage inflammatory protein‑1α, chemokine (C‑C motif ) 
ligand‑5 , tumor necrosis factor‑β1, Tumor necrosis factor‑α) were detected, but interleukin‑2, interleukin‑4, interleu‑
kin‑6, interleukin‑8, and interleukin‑17A were below the limit of detection.

Interpretation and conclusions To our knowledge, this is the first study describing skin effects of a severe acute 
respiratory syndrome coronavirus 2 Omicron BA.5 variant breakthrough infection in a triple‑vaccinated patient in 
Colombia. Several important mutations were found in the spike glycoprotein of the virus isolated; these mutations 
are associated with immune evasion and changes in antigenic properties of the virus. Physicians overseeing corona‑
virus disease 2019 cases should be aware of the potential skin effects of the infection. Pathogenesis of severe acute 
respiratory syndrome coronavirus 2 infection and its association with proinflammatory cytokines and chemokines 
may enhance the development of urticaria and other skin manifestations in immunized individuals. However, further 
studies are needed to better understand the complexity of coronavirus disease in such situations.
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Background
Coronavirus disease 2019 (COVID-19) caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
currently continues as a global problem even after vacci-
nation strategies have been implemented. Virus evolution 
is causing breakthrough infections in vaccinated individ-
uals [1]. Although it is now clear that SARS-CoV-2 can 
affect several organs, less is known about its cutaneous 
effects. Dermatological manifestations associated with 
COVID-19 have been increasingly reported from differ-
ent geographical regions [2]. In this report, we describe 
a case of a triple-vaccinated (Pfizer) patient who devel-
oped urticaria after Omicron BA.5.1 SARS-CoV-2 infec-
tion. To date, this is one of the very few cases in which 
the immune humoral and cellular response to COVID-19 
Omicron variant breakthrough infection has been inves-
tigated coupled to virus genome analysis to better char-
acterize the disease findings.

Case presentation and investigations
A 37-year-old male Hispanic American (Colombian) 
patient reported several symptoms of COVID-19, 
including persistent fever, fatigue, myalgia, severe 
headache, runny nose, odynophagia, and cough, on 19 
June 2022. The patient was triple vaccinated (Pfizer), 
receiving the last dose on 16 February 2022. The patient 
was diagnosed with COVID-19 infection by both rapid 

diagnostic antigen test and reverse transcription poly-
merase chain reaction (RT-PCR) 2  days after symp-
tom onset. At the time of diagnosis, the patient did not 
report any infection-related skin manifestations, immu-
nosuppression history, or known COVID-19 comor-
bidities or chronic diseases. The patient did not use any 
medication regularly and had no history of exposure to 
a contact allergen. Also, the patient reported a previ-
ous infection (May 2021; RT-PCR confirmed). Within 
a week after symptom onset, respiratory disease pro-
gression was moderate to mild (headache, congestion, 
cough, runny nose, and odynophagia), but no hospitali-
zation or intensive care was required. After self-care, 
recovery from respiratory illness was achieved within 
a week, but 7  days after symptom onset, the patient 
reported a mild rash and skin lesions localized on the 
lateral and medial regions of the body. The skin rash—
raised, well-circumscribed, with erythema and edema, 
very pruritic (Fig.  1A, B)—progressed from localized 
exanthem to purpuric lesions (Fig. 1C, D).

Two days after the urticaria began, it extended to other 
body areas (Fig.  1E, F). Intense pruritus, burning, and 
pain in the affected skin areas were the main symptoms 
reported. Initial treatment with a combination of topi-
cal corticoids (0.1% betamethasone) and oral antihista-
mines (5 mg desloratadine and 180 mg fexofenadine) was 
unsuccessful. The patient received a single intramuscular 
dose of 4 mg dexamethasone on the fifth day after symp-
tom onset. Symptoms were relieved 24  hours after cor-
ticosteroid injection, and 100% clinical resolution was 

Fig. 1 Clinical spectrum of the urticaria. A shows the rash on the left part of the trunk; B shows the rash on the left leg; C shows rash progression 
on the leg 1 day after the skin manisfestation’s onset; D shows rash progression on the trunk 1 day after; and E and F show the beginning of the 
rash in other body areas 3 days after the skin manisfestation’s onset

Table 1 Routine automated blood test (hemogram) results at 5 days after symptom onset and normal reference values

Variable Value Reference range Variable Value Reference range

Total white blood cells 10.59 ×  109/L 4.0–10.0 ×  109/L Red blood cells 5.51 ×  106/L 4.1–6.1 ×  106/L

Neutrophils 8.18 ×  109/L (77.2%) 2–7.5 ×  109/L Platelets 380 ×  109/L 150–450 ×  109/L

Lymphocytes 2.00 ×  109/L (18.9%) 1.5–4.5 ×  109/L Hemoglobin 15.3 g/dL 13–18 g/dL

Monocytes 0.37 ×  109/L (3.5%) 0.2–0.8 ×  109/L Hematocrit 47.9% 40–52%

Eosinophils 0.02 ×  109/L (0.2%) 0.0–0.4 ×  109/L Mean corpuscular volume 86.9 fL 80–100 fL

Basophils 0.02 ×  109/L (0.2%) 0.0–0.1 ×  109/L Mean corpuscular hemoglobin 
concentration

31.9 g/dL 32–36 g/dL
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reported 20 days after symptom onset. Hemogram analy-
sis (24 hours after corticosteroid injection) revealed leu-
kocytosis and neutrophilia (Table 1).

Serology testing by chemiluminescence assay revealed 
total anti-spike (S) immunoglobulin G (IgG) serum titers 
of 15,362  AU/mL and negative detection of immuno-
globulin M (IgM; index of 0.57) on the 10th day after 
symptom onset. Anti-nucleocapsid IgG, anti-spike-1 
(S1) IgG, anti-S-trimer IgG, and anti-receptor-binding-
domain (RBD) IgG serum titers were 1232 U/mL, 246 U/
mL, 226 U/mL, and 334 U/mL, respectively. Total serum 
immunoglobulin E (IgE) level at 10  days after symptom 
onset was 7.0  IU/mL. Ten  days after symptoms onset 
(24 h after corticoid injection), the patient had serum lev-
els of 1.02 pg/mL of interferon alpha (IFNα), 3.03 pg/mL 
of interferon gamma (IFNγ), 0.74  pg/mL of interleukin 
(IL)-12/IL-23p40, 3.43  pg/mL of IL-18, 21.04  pg/mL of 
interferon-gamma-induced protein (IP)-10, 19.78 pg/mL 
of monocyte chemoattractant protein (MCP)-1, 3.1  pg/
mL of monokine induced by gamma (MIG), 6.9  pg/mL 
of macrophage inflammatory protein-1 alpha (MIP-1α), 
22.8 pg/mL of chemokine (C-C motif ) ligand 5  (CCL5), 
4.6 pg/mL of tumor necrosis factor beta-1 (TNFβ1), and 
2.0 pg/mL of tumor necrosis factor alpha (TNFα). Serum 
levels of IL-2, IL-4, IL-6, IL-8, and IL-17A were below 
the limit of detection. The limit of detection (multiplex 
immunoassay) for serum cytokines and chemokines 
ranged from 0.62 to 2.431 pg/mL (standard controls).

SARS-CoV-2 was detected by RT-PCR [cycle thresh-
old (Ct) value of 24.1; 30,225 RNA copies] on a nasal 
swab collected 11 days after symptom onset. After whole 
genome sequencing and virus sequence analysis, Omi-
cron BA.5.1 lineage was identified. Sequencing data 
are available at the Global Initiative on Sharing Avian 
Influenza Data (GISAID) repository (Accession N° EPI_
ISL_13822391). Sequence analysis of the Omicron BA.5.1 
isolate also revealed several genomic mutations. Com-
pared with reference BA.2, the Omicron BA.5.1 isolate 
had 75 mutations.

The most frequent events were single nucleotide 
polymorphisms in the spike (S) protein (43.1%;31/72). 

Four important mutations (K417N, T478K, E484A, 
and N501Y) were found in the S-glycoprotein; these 
mutations are known in the Omicron variant for being 
associated with destabilization of the antibody-bind-
ing affinity [3]. Bioinformatics analysis also revealed 
that some mutations in the open reading frame, S, 
and matrix proteins had moderate impact (substitu-
tions that produced a different amino acid from the 
usual amino acid at that position) and thus may alter 
the function of the proteins. Compared with refer-
ence human coronavirus 2019 (hCoV-19)/Wuhan/
WIV04/2019, the Omicron BA.5.1 isolate revealed 28 
mutations in the S protein, which are related to pre-
dicted biological effects and epidemiological signifi-
cance in the antigenic properties of the virus. Most 
mutations are involved in altering host-cell recep-
tor binding or antigenicity. However, three mutations 
(L24del, P25del, and P26del) were related to deletion of 
amino acid residues, and one mutation (T19I) affected a 
potential glycosylation site (Table 2). Detailed descrip-
tion of virus genomic sequence and mutations found in 
this report are provided (Additional file 1).

Molecular testing, virus sequencing, and phylogenetic 
analysis were conducted following protocols reported 
elsewhere [4, 5]. Additionally, antibodies (IgG anti-spike, 
anti-RBD, and anti-Nucleocapsid SARS-CoV-2) and 
serum cytokine/chemokine (18 analytes) were detected 
using ProcartaPlex multiplex immunoassays (Thermo 
Fisher Scientific, MA, USA) for the Luminex xMAP 
instrument (Luminex Corporation, TX, USA) following 
the manufacturer’s instructions. Serology testing was also 
performed on the Abbott ARCHITECT i1000 instrument 
using the Abbott SARS-CoV-2 quantitative IgG and qual-
itative IgM assays (Abbott Park, IL, USA). Virus genome 
sequence analysis was conducted using Pangolin and 
CoronApp tools [6, 7]. Additional bioinformatics analysis 
of virus mutations was conducted using the MicroGMT 
tool [8] and CoVsurver/GISAID [9]. A routine automated 
blood test (hemogram) was obtained by the standard 
method. Virus isolation was performed as previously 
described [10].

Table 2 Analysis of mutations in the spike protein of the Omicron BA.5.1 SARS‑CoV‑2 using several bioinformatic tools

Mutations identified Description of biological significance

T19I Amino acid changes that create or remove a potential glycosylation site

L24del, P25del, P26del Amino acid changes that lead to a deletion of amino acid residues

A27S, G142D, V213G, S375F, T376A, H655Y,
N679K, N764K, D796Y, Q954H, N969K

Amino acid changes occurring more than 100 times that are more interesting 
epidemiologically

H69del, V70del, G339D, S371F, S373P, D405N, R408S, K417N, N440K, 
L452R, S477N, T478K, E484A, F486V, Q498R, N501Y, Y505H, D614G, 
P681H

Amino acid changes that occur at a site known to be involved in phenotypic 
effects such as altering host‑cell receptor binding or antigenicity

Reference: hCoV‑19/Wuhan/WIV04/2019 (Wuhan)
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We conducted a subsequent review of the literature to 
search for cases of patients who presented skin manifes-
tations after vaccination or infection. We referred to the 
electronic databases (PubMed) using the terms “COVID-
19” or “SARS-CoV-2” in combination with “skin” or 
“cutaneous manifestations” or “rash” to see if any other 
cases of skin manifestations had been reported. Deidenti-
fied case study data as well as an informed consent form 
are available upon request after signing a data access 
agreement.

Discussion and conclusions
To our knowledge this is the first study describing skin 
effects of a SARS-CoV-2 Omicron BA.5 variant break-
through infection in a triple-vaccinated patient in 
Colombia. Since the advent of vaccines to prevent SARS-
CoV-2 infection, there has been a great reduction in 
infections worldwide, but reports of COVID-19 break-
through infections in vaccinated individuals are increas-
ing [11]. Some studies have shown infection due to 
extensive escape of the SARS-CoV-2 Omicron variant in 
vaccinated individuals [12]. Several symptoms of SARS-
CoV-2 infection in vaccinated individuals have been 
reported so far, including some “long COVID-19” symp-
toms [13]; however, reports of skin manifestations are 
rare. Some COVID-19 studies have reported cutaneous 
symptoms [14], and it seems that these cutaneous effects 
of SARS-CoV-2 infection may be similar to those of other 
common viral infections [15].

The immune response to SARS-CoV-2 infection can 
be associated with localized morbilliform rash, petechial 
rash, erythematous-to-purpuric coalescing macules, 
and urticaria [16]. Cutaneous manifestations associated 
with COVID-19 in our patient suggest the activation of 
pathogenic pathways by the virus or as a result of the 
inflammatory response. The pathogenesis of urticaria is 
immunologically related to mast cell (MC) degranula-
tion. Mucosal tissues, as well as the skin, are body areas 
rich in MC. Therefore, we suggest that the urticaria, lim-
ited to specific body regions, was caused by the immune 
response to viral infection, and may not be related to a 
drug or treatment reaction or other causes.

Urticarial dermatosis after COVID-19 vaccination 
with unsuccessful antihistamine treatment and similar 
skin manifestations to those described in our patient has 
been reported [17]. Urticaria reaction may be associ-
ated with an intense inflammatory response and marked 
upregulation of some MC-derived cytokines [18]; how-
ever, pathogenesis of urticaria associated with COVID-19 
has yet to be elucidated. Studies have shown that SARS-
CoV-2 infection triggers MC degranulation, which causes 
hyperinflammation and injury [19]. Pathogen-associated 
molecular patterns can activate MC during SARS-CoV-2 

infection, inducing an extremely high level of proinflam-
matory cytokines and chemokines [19], and also elicit-
ing an influx, activation, and recruitment of neutrophils 
[17]. Moreover, MC communicate with endothelial cells, 
fibroblasts, and macrophages, further stimulating release 
of proinflammatory and vasoactive mediators [20]. 
Other viral infections such as dengue have been associ-
ated with similar MC degranulation mechanisms [21]. 
Also, retrospective analyses have shown that exacerba-
tion of chronic spontaneous urticaria are associated with 
COVID-19 [22]. However, relationships and mechanisms 
of SARS-CoV-2 infection, its pathogenesis, and cutane-
ous effects are worthy of further investigation.

Studies showed that effects of COVID-19 as well as 
vaccines can induce antibody-dependent enhancement 
(ADE) reactions [23]. A study demonstrated that SARS-
CoV-2 infection produces humoral response that elicits 
ADE, but these antibodies do not contribute to excess 
cytokine production by macrophages [23]. In addition, 
the binding of IgE and IgG antibodies to multivalent anti-
gens may trigger MC degranulation, which would initiate 
allergic and inflammatory reactions and serve as a che-
moattractant for other immune cells [24]. Also, mater-
nally acquired SARS-CoV-2 antibodies bound to MC are 
possible causes of multisystem inflammatory reactions 
in children [25]. Thus, subneutralizing or cross-reactive 
non-neutralizing antiviral antibodies after vaccination or 
natural infection can contribute to subsequent ADE reac-
tions. Therefore, we hypothesized that anti-SARS-CoV-2 
IgG antibody levels, in addition to potential IgE antibod-
ies induced by the recent Omicron infection and past 
vaccination in our patient, exacerbated inflammatory 
reactions and induced MC degranulation via ADE. This 
potential model increased emphasis on the importance of 
developing SARS-CoV-2 vaccines that are not dependent 
only upon antibody protection.

Less is known regarding Omicron-induced cellular 
and humoral responses after a breakthrough infection 
in vaccinated individuals with and without prior infec-
tion. Anti-spike IgG titers observed in our patient were 
about half of the median antibody titers (25,468  AU/
mL) reported by other studies in triple-vaccinated adults 
7  months after the first dose [26]. Interestingly, the 
patient did not show anti-SARS-CoV-2 IgM titers 10 days 
after symptom onset, but virus shedding titers were still 
high (Ct value 24.1). Also, anti-S1, S-trimer, and RBD 
were low compared with those reported in other stud-
ies in triple-vaccinated individuals [27]. We observed 
decreased serum levels of cytokines and chemokines 
compared with levels on healthy controls measured in 
other COVID-19 studies [28]. The overall dampening 
effect on cytokine and chemokine concentrations may be 
associated with dexamethasone treatment, as reported 
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in other studies [29]. This suggest that previous SARS-
CoV-2 infection, as well as low preinfection IgG antibody 
levels as observed in our patient, might impact Omicron-
induced responses in triple-vaccinated individuals, but 
further investigations are needed.

The sequence analysis of the virus associated with our 
triple-vaccinated patient’s Omicron BA.5.1 infection 
revealed a high number of mutations in this virus, par-
ticularly in the spike protein, which confirms the fears 
about the Omicron variant’s capacity to resist pre-exist-
ing immunity acquired by vaccination or natural infec-
tion [30]. The amino acid substitutions found in the virus 
may alter the functions of the proteins in such a way that 
the molecular mechanisms could be associated with 
enhancement of pathogenesis, systemic hypersensitivity, 
and exacerbated inflammatory reactions causing the urti-
caria; however, further investigation is needed to better 
understand these mechanisms.

With the introduction of Delta and Omicron variants 
into Colombia, and the current evolution of the virus, 
additional studies are needed to better understand the 
impact of the current SARS-CoV-2 variants in fully vac-
cinated populations. The recent introduction of the 
SARS-CoV-2 BA.5 variant in Colombia has produced 
an increase in COVID-19 cases in which breakthrough 
infections are reported. We do not know if the immune 
status of the population would induce or prevent cuta-
neous manifestations in these breakthrough infections, 
therefore highlighting the need of more extensive studies. 
However, the findings provided in this work are key for 
physicians overseeing COVID-19 cases when it comes 
to considering potential skin effects of SARS-CoV-2 
infections.
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