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Abstract
Background  Prolonged SARS-CoV-2 infection observed in immunocompromised individuals even in the presence of 
antiviral treatment provides opportunities for viruses to evolve in immune escape and drug-resistant variants.

Case presentation  A 72-year-old male with IgG4-related disease was admitted to the Emergency Department 
of a city Hospital in Milan and then transferred to Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico in 
December 2023, due to respiratory distress due to SARS-CoV-2 infection diagnosed in November 2023. After 117 days 
since the onset of the infection, and two cycles of sotrovimab/remdesivir combined therapy, the clinical improvement 
allowed the hospital discharge, notwithstanding the persistent SARS-CoV-2 positivity. Fifteen days later, the patient 
was re-admitted to the hospital due to worsening clinical conditions. After a third cycle of sotrovimab/remdesivir 
combined therapy prolonged with nirmatrelvir/ritonavir, nasopharyngeal load dropped and clinical conditions 
improved, ending with a successful discharge. SARS-CoV-2 whole genome sequences, obtained at six time-points of 
infection, showed an FL.1.5.1 recombinant form infection and a genetic distance of median (IQR) 0.00052 (0.00041–
0.00066) similar to the genetic distance observed among the 43 contemporaneous FL.1.5.1 recombinant forms 
(p = 0.098). De novo SNPs were observed at all time points, with a peak (n = 70) at day 133 of infection, corresponding 
to the time of the second hospitalization. Six non-synonymous mutations (three in the RdRp and three in the spike 
protein, four of them known to be associated with drug resistance) appeared transiently, after the third and fourth 
course of sotrovimab 500 mg/remdesivir combination. Five de novo SNPs, three of them in the spike protein, were 
fixed over the long-lasting infection. The spike N856K, associated with reduced fusogenicity and infectivity in Omicron 
BA.1, was completely replaced by constitutive N at day 136.

Conclusions  This clinical case confirms the intra-host evolution dynamics of SARS-CoV-2 in an 
immunocompromised, prolonged-infected individual, involving positions associated with drug resistance and 
fusogenic traits of SARS-CoV-2. These results underscore the importance of the early detection of SARS-CoV-2 
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Background
As widely described since the first phases of the pan-
demic, immunocompromised individuals are at higher 
risk of developing prolonged SARS-CoV-2 infection 
with respect to the general population [1–6]. This fragile 
population cannot efficiently respond to vaccination and 
is impaired in producing neutralizing antibodies [7]. The 
inability to efficiently clear the virus poses immunocom-
promised individuals at risk of serious complications and 
life-threatening COVID-19 syndrome. Moreover, persis-
tent SARS-CoV-2 replication in the presence of impaired 
immune responses provides opportunities for viruses to 
evolve immune escape and possibly other phenotypes 
[8–10]. SARS-CoV-2 Omicron lineage was first reported 
in November 2021 in South Africa and quickly spread, 
immediately becoming the dominant lineage worldwide, 
and differentiating in different sublineages and recombi-
nant forms [11]. As well as alpha-variant, this variant of 
concern probably evolved in persistently infected, immu-
nocompromised hosts [12].

Here we describe a case of Omicron FL.1.5.1 long-last-
ing evolution in a patient affected by IgG4-related disease 
on Rituximab therapy every six months and experienc-
ing 149 days of persistent SARS-CoV-2 positivity accom-
panied by critical COVID-19 syndrome. SARS-CoV-2 
whole genome sequencing was performed at six-time 
points, revealing an intra-host viral evolution.

Case presentation
A 72-year-old Caucasian male with IgG4-related disease, 
involving the pituitary, pulmonary, and lymph nodes, on 
rituximab therapy every six months (last administered in 
September 2023) was admitted to the Emergency depart-
ment of a city Hospital in Milan on December 2023 
with fever and dyspnoea caused by SARS-CoV-2 infec-
tion (diagnosed 25 days earlier by a rapid antigen swab, 
Day 25) (Fig. 1). The patient had received the last mRNA 
anti-SARS-CoV-2 vaccine dose (Pfizer Biontech) one 
year before. A chest computed tomography (CT) scan 
revealed interstitial pneumonia, necessitating continuous 
positive airway pressure (cPAP). Due to the deteriora-
tion of clinical condition, the patient was transferred to 
the Intensive Care Unit (ICU) of Fondazione IRCCS Ca’ 
Granda Ospedale Maggiore Policlinico in Milan on Day 
37. Here, the respiratory support was escalated to non-
invasive ventilation (NIV) and extracorporeal membrane 
oxygenation (ECMO). SARS-CoV-2 positivity was con-
firmed by an antigen positive swab. The patient received 

remdesivir and sotrovimab 500 mg on Day 38. Addition-
ally, following pulmonary and immunological evalua-
tions, the patient underwent high-dose steroid bolus 
therapy (methylprednisolone 10  mg/kg/day for three 
days, followed by 1 mg/kg/day for other three days) for an 
accelerated phase of pulmonary interstitial disease and 
received IgVena infusion for replacement therapy (Day 
40).

After 10 days of ICU stay, the patient was transferred 
to the Infectious Diseases Department, where a taper-
ing regimen of steroid therapy from methylprednisolone 
80  mg to prednisone 50  mg (ongoing at discharge) and 
reduction of respiratory support to 3 l/min via nasal can-
nula continued (Day 47). The patient continued to test 
positive at the nasopharyngeal swab by rapid antigenic 
test. The hospitalization was complicated by systemic 
CMV reactivation, successfully treated with ganciclovir 
for 7 weeks, and Enterococcus faecalis urinary sepsis, 
treated with ampicillin for 14 days (Day 55). The persis-
tent positivity to SARS-CoV-2 was confirmed by RT-PCR 
assay, revealing a mean Ct value of 18.9, and a positive 
result of SARS-CoV-2 culture isolation (Day 79; Fig.  1). 
Due to persistent SARS-CoV-2 positivity, cixagevimab/
cilgavimab 300/300  mg IM was administered (Day 80) 
and clinical parameters temporarily improved.

At Day 96, 71 days after the first episode, the patient 
experienced a second episode of severe COVID-19 when 
fever reappeared accompanied by an increase in C-reac-
tive protein (CRP) (peak 16 mg/dL), worsening radiologi-
cal findings, and respiratory function. Microbiological 
investigations on blood and urine were negative, and an 
initial course of empiric antibiotic therapy with piper-
acillin/tazobactam did not yield improvement. A peak of 
nasopharyngeal SARS-CoV-2 load was observed at Day 
106 with a mean Ct value of 16.9. Therefore, two days 
later, a second course of antiviral therapy with remdesi-
vir and sotrovimab 500 mg was carried out. This resulted 
in clinical improvement, with fever resolution and CRP 
reduction (4  mg/dL at discharge), even if SARS-CoV-2 
load remained high (mean Ct 19 at Day 111). At Day 117, 
the patient was transferred to a Rehabilitation Institute to 
continue respiratory physiotherapy.

After 133 days since the onset of the first infection and 
16 days after the last hospital discharge, the patient was 
re-admitted to the hospital with fever and respiratory 
distress (Fig. 1). This third episode of severe COVID-19 
was accompanied by the continuous SARS-CoV-2 posi-
tivity of nasopharyngeal swab, with a mean Ct value of 

infection in immunocompromised individuals, and its rapid containment using highly effective treatment, to limit 
serious complications and the risk of new and potentially concerning viral variants emergence.
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28 (Day 133). Antiviral treatment based on sotrovimab 
infusion and remdesivir for initial 5 days was started. 
Nasopharyngeal swabs were repeated Day 136 and Day 
139, resulting in a progressive increase of viral load 
(mean Ct: 22 and 19.5, Fig. 1). Due to SARS-CoV-2 per-
sistent positivity, infusion of intravenous normal human 
immunoglobulin solution 400 mg/kg in a single adminis-
tration was carried out at Day 137 and remdesivir treat-
ment continued until Day 143. This treatment approach 
was combined with nirmatrelvir/ritonavir, administered 
at Day 139 for 10 days. RT-PCR of nasopharyngeal swabs 
were repeated at days 4, and 10 of nirmatrelvir/ritonavir 
treatment, resulting in a progressive sharp drop in viral 
load (mean Ct: 23.6 and negative, Fig. 1).

After 149 days since the first onset of symptoms, the 
patient had the nasopharyngeal SARS-CoV-2 RT-PCR 
test negative, and clinical conditions improved. Thus, the 
patient was successfully discharged.

SARS-CoV-2 whole genome sequences were obtained 
at six time-points since the first SARS-CoV-2 positive 
test (T0_Day79; T1_Day106; T2_Day111; T3_Day133; 
T4_Day136; T5_Day143) (Fig.  2 and Supplementary 
Figs.  1 and 2). All sequences belonged to Omicron 
FL.1.5.1 recombinant form. The six strains clustered 
together when placed with 43 genetically similar back-
ground isolates (bootstrap = 100%, Fig. 2), consistent with 
prolonged infection caused by a single strain. The genetic 
distance among the six strains was a median (IQR) of 
0.00052 (0.00041–0.00066) base substitution per site, 
similar to the genetic distance observed among the 43 
contemporaneous FL.1.5.1 recombinant forms (0.00063 

[0.00051–0.00075], P = 0.098). This confirms the ability of 
mutation accumulation of prolonged infections [13].

To account for the single nucleotide polymorphisms 
(SNP) detected, any SNP present in all the six samples 
analyzed was considered constitutive, while any SNP 
present de novo in at least one sequence was considered 
non-constitutive. When occurring in the gene coding 
regions, SNPs were defined synonymous or nonsynony-
mous, depending on the maintenance or alteration of 
amino acid in the corresponding codon.

Among the constitutive SNPs, notable mutations 
included the non-synonymous G671S in RdRp, which 
was associated with a < 2.5-fold reduction in remdesivir 
susceptibility [14] and had an intrapatient prevalence of 
over 60% in all six strains, and the spike S371F, associated 
with a 25-fold reduction in sotrovimab susceptibility [14], 
which was detected with 100% intrapatient prevalence in 
all six strains (Fig. 3).

Regarding non-constitutive SNPs, 17 were detected at 
T0_Day79 (median intrapatient prevalence: 7.2% [IQR: 
6.3–9.2]; non-synonymous: 13). SNPs increased to 34 and 
35 at T1_Day106 and T2_Day111 respectively (intrapa-
tient prevalence: 16.3% [86.9–44.7] and 15.1% [7.6–22.7]; 
non-synonymous: 27 and 23, respectively). The number 
of SNPs reached a peak at T3_Day133 (n = 70; intrapa-
tient prevalence: 10.4% [6.5–17.2]; non-synonymous: 52), 
at the time of the second hospitalization, and decreased 
to 33 and 19 respectively at T4_Day136 and T5_Day143 
(intrapatient prevalence: 17.7% [8.3–27.9] and 49.2% 
[37.8–97.8]; non-synonymous: 26 and 12, respectively) 
(Supplementary Fig. 2).

Fig. 1  Clinical case history. Timeline of the case. SARS-CoV-2 load expressed as mean Ct values obtained by real time PCR over time. Black arrows indi-
cate clinical history while gray arrows indicate antiviral treatment cycles. CT: cycle threshold values; +Ag: Positive rapid antigenic test; NIV: non-invasive 
ventilation; ECMO: extracorporeal membrane oxygenation; SOT: Sotrovimab; TIX/CIL: tixagevimab/cilgavimab; 300/300 mg; RDV: remdesivir; H IgVena: 
intravenous normal human immunoglobulin
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Among non-synonymous non-constitutive SNPs, six 
mutations appeared transiently (Fig. 3). The RdRp Q573K 
emerged on T1_Day106 (intrapatient prevalence: 20.0%), 
after 25 days of the third course of sotrovimab 500 mg/
remdesivir combination, and persisted since T3_Day133 
(intrapatient prevalence: 18.0%). The spike L542R and 

K356T, associated with reduced susceptibility to cil-
gavimab and sotrovimab, respectively, (intrapatient prev-
alence: 80.2% 16.4%), appeared transiently at T3_Day133, 
52 days after the cixagevimab/cilgavimab administra-
tion and after 25 days of the third course of sotrovimab 
500  mg/remdesivir combination. The RdRp V637L and 

Fig. 2  Phylogenetic tree. Estimated maximum likelihood (ML) phylogeny of SARS-CoV-2 genomes from the six samples of the same patient and addi-
tional 43 FL.1.5.1 contemporaneous sequences. All SNPs having a minimum supporting read frequency of 40% and a depth ≥ 100 reads were included in 
the whole genome SARS-CoV-2 sequences. The ML phylogeny was estimated with IqTree using the best-fit model of nucleotide substitution TIM + F + I 
with 1000 replicates fast bootstrapping. T0_Day79 since the first SARS-CoV-2 positive test; T1_Day106; T2_Day111; T3_Day133; T4_Day136; T5_Day143
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Fig. 3  Dynamics of drug resistance and non-synonymous de novo selected or disappearing SNPs during SARS-CoV-2 infection. Temporal frequencies of 
15 SNPs identified in the SARS-CoV-2 genome. Time points with SARS-CoV-2 sequence available: Day79 since the first SARS-CoV-2 positive test; Day106; 
Day111; Day133; Day136; Day143

 



Page 6 of 9Bolis et al. BMC Infectious Diseases          (2025) 25:359 

V792I and the spike P337R (intrapatient prevalence: 
25.2%, 17.8% and 42.8%, respectively), associated with 
> 100-fold reduced sotrovimab susceptibility, emerged at 
T4_Day136, after 28 days of the third course and 3 days 
of the fourth course of sotrovimab 500  mg/remdesivir 
combination.

Five non-synonymous non-constitutive SNPs were 
fixed over the long-lasting infection (Fig.  3). The nsp8 
T145I and the spike W258L were first detected at 
T1_Day106 (intrapatient prevalence: 12.0% and 64.0%, 
respectively), and reached 97.4% and 99.4% at T5_
Day143. The nsp1 S17I, and the spike E340Q and K854N 
were first detected at T2_Day111 (intrapatient preva-
lence: 22.0%, 49.0% and 41.6%, respectively), and reached 
37.8%, 97.8%, 97.1%, respectively, at T5_Day143.

Two non-synonymous SNPs progressively decreased. 
The spike E340K, associated with > 25-fold reduction in 
sotrovimab susceptibility [14] and constitutively pres-
ent in Omicron sublineages, progressively decreased 
from 99% at T0_Day79 to 31% at T4_Day136. The spike 
N856K, associated with reduced fusogenicity and infec-
tivity in Omicron BA.1 [15] and found with an intrapa-
tient prevalence < 10% at T0_Day79, T1_Day106, and 
T3_Day133 was instead replaced by constitutive N at T4.

For details regarding material and methods and 
sequencing statistics refer to Supplementary Material.

Discussion and conclusion
Here we described three episodes of severe COVID-19 
in an immune-suppressed patient with a 149-day-long 
infection sustained by Omicron FL.1.5.1 recombinant 
form. Recurring symptomatic SARS-CoV-2 infection 
have been documented in immunocompromised individ-
uals, particularly, patients with hematologic malignancy 
with B-cell depletion after anti-cluster of differentiation 
(CD) 20 antibodies or chimeric antigen receptor T-cell 
therapy [16].

The characterization of SARS-CoV-2 whole genome 
sequences at the available six-time points suggests a 
considerable within-host evolutionary rate, much higher 
than the contemporaneous SARS-CoV-2 inter-host varia-
tion [13]. At 79 days after the infection, the virus was still 
viable, as suggested by the positivity of viral culture, a 
time much higher than those reported by literature in the 
general population infected by Omicron variants and in 
immunocompromised persons [17–18].

The patient was also treated with three cycles of sotro-
vimab/remdesivir combined therapy. In this regard, three 
RdRp mutations with an intrapatient prevalence never 
above 30% appeared transiently during the courses of 
these treatments. Among them, the V792I, localized in 
the Domain II of the enzyme, was already described to 
enhance the I779-mediated hydrophobic interaction with 
remdesivir-triphosphate, preventing entry of the drug 

into the active site [19]. After the third course of sotro-
vimab and remdesivir combination, sotrovimab resis-
tance mutations K356T and P337R appeared transiently 
with an intrapatient prevalence of 16.4% and 42.8%, 
respectively. Even if not fixed, the emergence of these 
mutations is generally consistent with previous findings 
of mAb resistance [6, 20].

SARS-CoV-2 Omicron variants are also known to 
harbor spike protein mutations responsible for their 
attenuated fusogenic phenotype [15, 21], like mutations 
at amino acid 547 (T547K), 655 (H655Y), 856 (N856K), 
and 969 (N969K). In this clinical case, one of these muta-
tions, the spike N856K, localized in the S2 domain, was 
found with a low intrapatient prevalence at Day 79, Day 
106, and Day 133, and disappeared at Day 136 and Day 
143. The spike K854N, localized two amino acids before 
the N856K and rarely reported in delta variants [22], 
appeared after 111 days of the diagnosis, increased its 
intrapatient prevalence over time, and was finally fixed 
between Day 136 and 143. Based on the increased viral 
load and severe manifestations occurring at Day 136 and 
143, we cannot exclude that these modifications in the S2 
domain increased the S1/S2 cleavage, restored the viral 
fusogenicity, and possibly impacted the clinical course.

Among the other fixed non-constitutive mutations, 
the spike W258L and E340Q were localized in the N-ter-
minal domain (NTD) and Receptor-Binding-Domain 
(RBD), respectively. While the E340Q is known to be a 
sotrovimab-resistant mutation [14], the exact functional 
role of W258L remains object of study, even if this muta-
tion has been already found [23], and has been localized 
in the NTD, known to potentially influence tissue tro-
pism and pathogenicity, and to potentially confer evasion 
from neutralizing antibodies due to its variability [24]. 
Finally, the fixed nsp8 T145I mutation has been recently 
described for its role in stabilizing the viral replication 
protein complex [25].

Overall, these findings are in line with those already 
described in SARS-CoV-2 intra and inter-host evolution 
[26–28]. The evolution of SARS-CoV-2 variants is shaped 
by a complex process in which variants can occasion-
ally be fixed or lost during a long-term infection. These 
mechanisms have been described mainly in persistent 
SARS-CoV-2 infection in immunosuppressed individu-
als [29]. Many nonsynonymous substitutions generated 
in the host during long-term infection (positive selec-
tion) tend to be unfixed as SNPs in the population (nega-
tive selection). Thus, many mutations selected and fixed 
occasionally in long-term infections are not persistent 
over time, and only the few that offer some selective 
advantages are likely to persist and be transmitted.

Also, in this clinical case, the variant dynamics showed 
fluctuations in certain SNPs, with some experiencing 
a drop in prevalence, even falling below the detection 
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threshold, only to return to high frequencies several days 
later. This occurred primarily on Day 133 of infection, 
which coincided with the third episode of severe COVID-
19, marked by ongoing SARS-CoV-2 positivity in the 
nasopharyngeal swab with a mean Ct value of 28. On Day 
133, the prevalence of some mutations decreased (nsp1 
S17I, nsp8 T145I, RdRp G671S, Spike W258L, E340Q, 
K854N), while others emerged at low frequencies (RdRp 
V637L and V792I, Spike K356T). The sharp fluctuations 
in SARS-CoV-2 were previously described by Fario et 
al., J Vir 2024 [30], who suggested that these fluctuations 
could be linked to a bottleneck effect, potentially driven 
by the spatial structuring of within-host viral genetic 
diversity. Alternatively, such fluctuations might be due 
to sampling artifacts from poor-quality viral population 
samples. While the latter is unlikely, given the 100x depth 
coverage thresholds used, we cannot entirely rule out this 
possibility because of the correlation between high Ct 
values and noise in SNP detection [30].

As a limitation of our study, the SARS-CoV-2 genome 
at the baseline of infection or before the first sotrovimab/
remdesivir treatment is unavailable. This prevents us 
from tracing the virus’s evolutionary trajectories from 
the early stages of infection. This limitation may also 
account for the higher genetic distance characterizing 
the first SARS-CoV-2 sequence available (corresponding 
to Day 79 of infection) with respect to the background 
sequences (Fig. 2).

The viability of the virus was tested at a single time 
point, after 79 days of infection, limiting the possibility 
of speculating about the shedding of newly emerged and 
drug-resistant SARS-CoV-2 variants. No information 
regarding potential SARS-CoV-2 evolution was avail-
able after the nirmatrelvir/ritonavir treatment, due to the 
rapid decrease of viral load observed. However, the rapid 
elimination of the virus after this last therapy course sug-
gests a null or negligible viral evolution.

Regarding the treatment approach used in this clini-
cal case, sotrovimab/remdesivir combined therapy was 
administered at three different time-points to limit viral 
replication at different stages, offering a broader antiviral 
activity. Nirmatrelvir/ritonavir was administrated dur-
ing the third episode of severe COVID-19, successfully 
reducing viral replication. This drug combination has 
shown the ability to reduce the severity of COVID-19 in 
high-risk patients when administered within the first 5 
days of symptom onset, even if some real-world evidence 
suggests a role of this drug in reducing replication and 
disease course also in individuals with more than 5-days 
long infection [31–32].

Overall, this clinical case confirms the intra-host evo-
lution dynamics of SARS-CoV-2 in an immunocompro-
mised, prolonged-infected individual, involving positions 
associated with drug resistance or fusogenic phenotype 

of SARS-CoV-2. Once again, these results underscore the 
importance of the early detection of SARS-CoV-2 infec-
tion in immunocompromised individuals, and its rapid 
containment thanks to highly effective treatment, to limit 
serious complications and the risk of emergence of new 
and potentially concerning viral variants.
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