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SUMMARY

Fever of Unknown Origin (FUO) remains a diagnostic
challenge for clinicians, with multiple infectious and
non-infectious etiologies. SARS-CoV-2 can determine a
prolonged viral shedding in the immunocompromised
host, firstly in those receiving B-cell targeted therapies,
being responsible of persistent infection which may
configure as a FUO. We report two cases of long-last-

B INTRODUCTION

ore than 60 years after the first definition by

Petersdorf and Beeson, Fever of Unknown
Origin (FUO) still remains a diagnostic challenge.
The absence of an identified cause of fever, despite
reasonable investigations in the in/outpatient
context, and the persistence of fever for a sufficient
time to rule out self-limiting conditions are the
core features of FUO [1, 2].
Multiple and disparate infectious disease process-
es are involved into FUO diagnostic workup. His-
torically, it has been divided into classic, nosocomi-
al, immunodeficiency-related, and travel-associat-
ed types: such a classification provides a useful
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ing fever in patients with multiple sclerosis and B-cell
depletion, finally diagnosed as COVID-19. We suggest
the inclusion of SARS-CoV-2 testing in the differential
diagnosis of FUO.
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framework to approach patients [2]. Inmunocom-
promised subjects are at risk for a broad range of
opportunistic infections in addition to common
conditions. Capsulate and intracellular bacteria,
herpes viruses (in particular CMV and EBV), my-
cobacteria, fungal infections may cause FUO in pa-
tients with immunological deficits, each one relat-
ed to a predisposing immune system deficit [2, 3].
Persistent infections by ‘short-course’ viruses in
people who are immunocompromised have been
observed for many respiratory viruses, as cancer,
rheumatologic diseases, autoimmune processes,
and their associated therapies can compromise in-
nate and adaptive immune response, making pa-
tients weakened and unable to control the virus,
and facilitating infection even after low inoculum
exposures [4, 5].

Here we describe two multiple sclerosis (MS) cas-
es under CD20-targeted therapies affected by FUO
related to persistent COVID-19 disease.
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Case 1

On April 2024, a 56-year-old male patient was re-
ferred to our Center for a 2-month fever with
headache and mild cough. Fever (up to 39°C)
started after his periodical anti-CD20 monoclonal
antibody treatment (rituximab) for MS. He under-
went multiple antibiotic therapies, initially for a
suspected urinary tract infection, then for pneu-
monia (with bilateral, peripheral consolidations
found at the Computed Tomography - CT scan). A
Positron Emission Tomography-CT (PET-TC) con-
firmed an intense and diffuse uptake of FDG with-
in the lungs. He was vaccinated for SARS-CoV-2
with at least 4 doses together with seasonal influ-
enza. Blood cultures, Quantiferon TB, beta-D glu-
can, herpes polymerase chain reaction (PCR) tests
on blood, HIV and hepatitis serologies were nega-
tive. A multiplex PCR test for respiratory viruses
on nasal swab resulted negative. A specific SARS-
CoV-2 Real-Time (RT)-PCR on nasopharyngeal
swab (Liferiver Bio-Tech, San Diego, CA, United
States) was repeated two times and was always
negative. The patient underwent bronchoscopy:
cultures, M. tuberculosis stain and PCR, galacto-
mannans, P. jirovecii PCR and viral PCR on bron-
choalveolar (BAL) lavage fluid were negative. No
neoplastic cells were found. On a second evalua-
tion on the same BAL sample, RT-PCR for SARS-
CoV-2 resulted positive (Table 1). A ten-day off-la-
bel course of intravenous remdesivir with oral
nirmatrelvir/ritonavir was prescribed in the same

Table 1 - Patients blood work at diagnosis and recovery.

day. No more febrile episodes were found after the
first 3 days of therapy and the cough totally disap-
peared in 1 week. SARS-CoV-2 RT-PCR on nasal
swab always maintained negative. The patient un-
derwent a chest CT after one month from the end
of the therapy, with evidence of pneumonia reso-
lution. At follow up visits no relapse of fever or
other respiratory symptoms were noted. On June
2024 he could re-start his periodical rituximab
therapy.

Case 2

A 52-year-old female patient has a relapsing-re-
mitting MS on semiannual anti-CD20 therapy
(ocrelizumab). She received at least 4 mRNA-vac-
cine doses for SARS-CoV-2. She developed contin-
uous fever (up to 39°C), general malaise, and pro-
ductive cough. Various empiric antibiotic thera-
pies were prescribed with no improvements. At
the CT scan a multifocal parenchymal thickenings
with fuzzy ground-glass margins in the upper left
lobe, middle lobe, and basal pyramids were found.
Pulmonary function testing evidenced abnormal
gas exchances. Microbiological and virological
tests (cultures, viral PCR, M. tuberculosis stain and
PCR, P. jirovecii PCR, galattomannan) performed
on bronchoalveolar lavage were negative. CD4/
CD8 ratio on BAL was 0.4. A diagnostic hypothesis
of bronchiolitis obliterans organizing pneumonia
(BOOP) was formulated by pneumologists, and an
oral prednisone therapy was started. Three weeks

At diagnosis
WBC Linfocytes | Blymphocytes | T lymphocytes C-reactive PCR cycle threshold
(n/mcl) | count (n/mcl) | CD20+ (n/mcl) CD4/CD8 protein (mg/dl) | (CT - genes E/N2/RdRP - specimen)
Case 1 7670 1123 0 0.5 4.09 25/29/27 (bronchoalveolar fluid)
Case 2 5680 2530 0 12 3.38 26/30/28 (nasopharyngeal swab)
At recovery
Negative
Case 1 5300 1210 nd nd 3.97
(nasopharyngeal swab)
Case2 | 7630 2480 9 12 0.86 Negative
(nasopharyngeal swab)

Notes: viral RNA was extracted using the NucliSENS easyMag instruments (bioMérieux, Italia Spa, Bagno a Ripoli, Italy), and processed with the
2019 Novel Coronavirus RT-PCR kit (Liferiver Bio-Tech, San Diego, CA, United States), a multiplex TagMan real-time PCR that targets 3 SARS-CoV-
2-specific genes (ORFlab- RdRp, nucleocapsid - N, and envelope - E). All reactions were performed in 7500 Fast thermal cycler (Applied Biosystems,
San Diego, CA, United States). RT-PCR results were analyzed with the ABI PRISM manager software. Ct was defined as the number of cycles of
amplification required for the fluorescence of SARS-CoV-2 PCR to be detected above the background signal and can be used as a relative inverse
proportional measure of viral amount in the specimen. SARS-CoV-2 RT-PCR results were considered positive if at least two target genes were am-
plified with a Ct of <40, inconclusive if only one target was amplified with a Ct of <40, and negative if no gene targets were amplified or amplified
with a Ct of >40 after background subtraction [6].
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after (April 2024) she was admitted to our Depart-
ment for persistence of symptoms. She was in the
tapering phase of the steroid therapy (prednisone,
12.5 mg/day). During hospitalization, a worsen-
ing of the known ground-glass thickening with
modest consolidative component in the upper
right lobe was documented at CT scan. For the
first time, a RT-PCR for SARS-CoV-2 was per-
formed on a nasopharyngeal swab and tested pos-
itive (Liferiver Bio-Tech, San Diego, CA, United
States, table 1). On the same day, the patient start-
ed the off-label association of intravenous remde-
sivir and oral nirmatrelvir/ritonavir carried on for
10 days. Prednisone therapy was promptly re-
duced at a dosage of 5 mg/day, and stopped in
few days. She became afebrile in the 2% day of
treatment, cough progressively disappeared.
SARS-CoV-2 PCR on nasal swab resulted negative
the last day of the 10-course treatment. The patient
underwent a chest CT after one month from dis-
mission and significant improvement of lung pa-
renchymal alterations was noted. At the 6-month
pneumological follow up no relapse of respiratory
symptoms appeared.

B DISCUSSION

Persistent SARS-CoV-2 infection can be responsi-
ble of FUO in immunocompromised individuals.
It is very unusual to detect SARS-CoV-2 in the up-
per respiratory tract for longer than 1 month in
immunocompetent people, so COVID-19 appears
as a self-limited disease in healthy patients, who
typically recover within 5-7 days [4]. Conversely, a
potential hyperacute and progressive course can
be observed in people with chronic diseases. The
weakened immune system of immunocompro-
mised people often fails to clear the virus, leading
them to persistent infections with high viral titers
and subsequent major risk of prolonged hospital-
ization, Intensive Care Unit (ICU) admission, and
mortality. In line with recent papers we can define
SARS-CoV-2 infection as persistent when replica-
tion has an unusual long duration (at least 30
days) after symptoms onset [4, 7].

Innate and adaptive immunity work synergistical-
ly to prevent, limit, and clear SARS-CoV-2 infec-
tion. CD8+ T cells are critical for mediating the
antiviral response in acute infection, while the co-
ordination between elements of the adaptive im-
munity as virus-specific B cells, CD4+ T cells and

antibodies is responsible for the effective viral
clearance and the prevention of future infections.
Therefore, different forms of immune deficit can
differentially predispose to SARS-CoV-2 persis-
tence. Individuals with suppressed innate immu-
nity may experience a higher incidence of infec-
tion, but they are able to achieve viral clearance.
Patients with impaired adaptive cellular immuni-
ty have a high risk of death from acute infection.
Patients with impaired adaptive humoral immu-
nity (i.e., B-cell malignancies and B-cell targeting
therapy) have a high risk of prolonged viral shed-
ding, viral rebound, and chronic infection [8, 9].

B cell dysfunction from anti-B cell therapy is the
most commonly described cause of persistent
SARS-CoV-2 infection [4]. People with MS, as our
patients, have a probability of severe outcomes 2
to 5 times higher than in age and sex-matched
populations, both for the immune-mediated na-
ture of the disease and the immunomodulatory
therapies which potentially increase the risk of vi-
ral infection. Exposure to B-cell depleting agents
(such as rituximab and ocrelizumab) is associated
with a 2- to 4.5 elevated risk for severe COVID-19
in the MS population compared to people using
other disease-modifying therapies [10, 11].

As a consequence of B-cell depletion, the neutral-
izing antibody response is reduced in such indi-
viduals. SARS-CoV-2 infection cannot be cleared,
so patients can test positive for SARS-CoV-2 on
reverse-transcriptase PCR for prolonged periods
of time (weeks to months) with a low cycle thresh-
old (which suggests an intense viral replication).
As found in our patients, they can develop recur-
rent respiratory symptoms, migratory pulmonary
infiltrates, and require hospitalization. Viral ge-
nome sequencing demonstrated persistent SARS-
CoV-2 infection with the same strain, rather than
co-infection or reinfection, in these individuals [4].
The same mechanism has been described for the
persistence of other respiratory viruses, such as
influenza, parainfluenza and rhinovirus, together
with multiple non-respiratory viruses that usually
cause short-term infections, including dengue vi-
rus, Zika virus and norovirus [4].

SARS-CoV-2 vaccination prevents severe disease
in the general population, but the COVID-19 risk
remained elevated across immunocompromised
groups in terms of COVID-19 morbidity and mor-
tality [8]. Anti-CD20 treatments affect the patient’s
response both to infection and to SARS-CoV-2 vac-
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cines, as B-cell depletion results in decreased in-
duced spike specific antibody production. How-
ever, incomplete responses may still provide some
protection, as T cell-mediated immune response is
also elicited by vaccination [10, 11]. Moreover, the
cross reactivity between SARS-CoV-2 and other
coronavirus may influence patient protection.
CD20 expression is lacking on plasma cells, so pa-
tients under rituximab therapy can maintain spe-
cific antibodies production [5]. For the same rea-
son, individuals treated with B cell depleting ther-
apies retain humoral immunity to childhood vac-
cines and can already mount robust memory re-
sponses following vaccination against influenza
despite substantial humoral and cellular immuno-
deficiency [5].

The IDSA panel suggests using standard nucleic
acid amplification tests (NAATs, RT-PCR or labo-
ratory-based NAAT) over rapid Antigen (Ag) tests
in symptomatic patients with possible COVID-19,
due to their higher sensitivity and thus the re-
duced risk of missing a diagnosis. Antigen tests
sensitivity has been optimized within the first 5
days of symptoms. However, a negative test result
should be confirmed with a standard NAAT when
the COVID-19 clinical suspicion remains and no
alternative diagnosis has been reached [12]. The
PCR cycle threshold can be used to estimate viral
loads: it quantifies the viral burden in samples like
nasopharyngeal swab, giving a crude assessment
for presence of viable virus. In immunocompetent
hosts, a persistent PCR is not associated with a
transmissible virus, while in immunocompro-
mised patients prolonged PCR positivity may re-
flect culturable viruses, suggesting that immune
defects might significantly contribute to SARS-
CoV-2 viral persistence [5].

There is no therapeutic consensus on COVID-19
treatment in immunocompromised patients with
persistent SARS-CoV-2 infection [13-15]. Cohort
studies suggest the efficacy of antivirals combina-
tion in treating RNA viruses, particularly when
targeting different mechanisms of viral replication,
as in the case for the off-label association of remde-
sivir (polymerase) plus nirmatrelvir/ritonavir
(protease). D’Abramo et al included 50 people
with B-cell depletion among a cohort of 88 immu-
nocompromised COVID-19 patients: those treated
with combination therapies (and among them, the
majority with nirmatrelvir/ritonavir plus iv rem-
desivir) experienced a significant reduction in both

length of hospitalization and time to negative
SARS-CoV-2 molecular nasopharyngeal swab
compared to those in antiviral monotherapy [8].
Similar results were reported by other Authors,
finding the high efficacy of combination treatment
in terms of early virological response and 30-day
virological and clinical response [16, 17].

In conclusion, SARS-CoV-2 can be responsible of
persistent infection in the immunocompromised
host, firstly in those receiving B-cell targeted ther-
apies as antiCD20 ones. B cell depleted individu-
als manifested a prolonged viral shedding with
mild symptomatic but “chronic” disease which
may configure as a FUO. SARS-CoV-2 detection
should be included among the diagnostic work up
of FUO particularly in immunocompromised pa-
tients.
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