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ABSTRACT
Objective  Patients with X linked agammaglobulinemia are 
susceptible to enterovirus (EV) infections. Similarly, severe EV 
infections have been described in patients with impaired B-
cell response following treatment with anti-CD20 monoclonal 
antibodies (mAbs), mostly in those treated for haematological 
malignancies. We aimed to describe severe EV infections in 
patients receiving anti-CD20 mAbs for immune-mediated 
inflammatory diseases (IMIDs).
Methods  Patients were included following a screening 
of data collected through the routine surveillance of EV 
infections coordinated by the National Reference Center 
and a review of the literature. Additionally, neutralising 
antibodies were assessed in a patient with chronic EV-A71 
meningoencephalitis.
Results  Nine original and 17 previously published cases were 
retrieved. Meningoencephalitis (n=21/26, 81%) associated 
with EV-positive cerebrospinal fluid (n=20/22, 91%) was the 
most common manifestation. The mortality rate was high 
(27%). EV was the only causal agents in all reported cases. 
Patients received multiple anti-CD20 mAbs infusions (median 
8 (5–10)), resulting in complete B-cell depletion and moderate 
hypogammaglobulinemia (median 4.9 g/L (4.3–6.7)), and had 
limited concomitant immunosuppressive treatments. Finally, 
in a patient with EV-A71 meningoencephalitis, a lack of B-cell 
response to EV was shown.
Conclusion  EV infection should be evoked in patients 
with IMIDs presenting with atypical organ involvement, 
especially meningoencephalitis. Anti-CD20 mAbs may 
lead to impaired B-cell response against EV, although 
an underlying primary immunodeficiency should 
systematically be discussed.

INTRODUCTION
Enteroviruses (EV) are a common cause of 
self-limiting illness but can occasionally be 
responsible for severe organ involvement 

leading to organ failure, depending on the 
patient age, the EV type and the immune 
status, in particular adaptive immunity.1 
Young individuals are at higher risk of lethal 
infections, especially during their first months 
of life, with a reported death rate of 11.5%, 
reaching 30.4% when only considering severe 
infections.2 3 In this case, hepatitis or coagu-
lopathy (46%) and myocarditis (37.1%) were 
the two most prevalent complications followed 
by meningoencephalitis (11%).3 Among 
patients with primary immunodeficiency 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Enteroviral (EV) infections can be severe in patients 
with primary B-cell deficiencies, but little is known 
in patients with B-cell impairment following anti-
CD20 monoclonal antibodies (mAbs) treatment for 
immune-mediated inflammatory diseases (IMIDs).

WHAT THIS STUDY ADDS
	⇒ The diagnostic of severe EV infection was of-
ten delayed and most often consisted of 
meningoencephalitis.

	⇒ A drastic decrease of gammaglobulin levels was not 
required to present a severe infection.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ EV should be included in the initial microbiological 
screening panel for fever and/or atypical organ in-
volvement, especially neurological manifestations, 
in patients with IMIDs due to their high mortality 
rate.

	⇒ An underlying primary immunodeficiency should 
systematically be discussed.
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(PID), those with a severe or complete gammaglob-
ulin deficiency, such as X linked agammaglobulinemia 
(XLA), are more prone to severe EV infections, such as 
chronic meningoencephalitis.4–6 In patients treated with 
B-cell targeting monoclonal antibodies (mAbs), a cause 
of acquired hypogammaglobulinemia, severe EV infec-
tions have been mainly reported in patients treated for 
B-cell malignancies.7 This risk has been poorly assessed 
in patients with immune-mediated inflammatory diseases 
(IMIDs), in whom EV infections may be underdiagnosed 
due to non-specific clinical manifestations or IMIDs 
mimicking organ involvement such as myocarditis or 
meningoencephalitis. We conducted a multicentre retro-
spective study combined with a literature review. We also 
investigated neutralising antibody response after EV 
infection.

PATIENTS AND METHODS
Original cases and definition of severe EV infections
Patients were included following a retrospective 
screening of the data collected through the routine 
surveillance of EV infections by the Enterovirus Surveil-
lance Network (ESN) coordinated by the two laborato-
ries of the National Reference Center (NRC) for EVs 
(NR Laboratories (NRLs), in Clermont-Ferrand and in 
Lyon) between 2016 and 2022. Briefly, hospital labo-
ratories of the ESN distributed in all French regions 
voluntarily report clinical and virological data for each 
diagnosed EV infection. An appeal was also made by 
email to the ESN to catch up on certain cases not previ-
ously reported within the surveillance system. EV-pos-
itive samples are sent to the NRLs to identify the EV 
type. Identification was performed by sequencing of the 
1D gene encoding the VP1 capsid protein, as previously 
described.8 9

Patients were eligible if they had a documented EV 
infection after at least one infusion of anti-CD20 mAbs 
for an IMID. Only patients with a severe infection defined 
as a non-self-resolving infection with organ involvement 
were included, given the potential lethal outcome and 
the need for urgent therapeutical intervention. Benign 
infections were not included owing to a potential bias 
linked to an absence of systematic screening and report, 
even in immunocompromised patients with IMIDs. 
Patients with PID who were treated with anti-CD20 mAbs 
for diseases other than IMIDs, such as haematolog-
ical malignancies, were excluded. For each patient, we 
collected data prior to the EV infection (demographic, 
features and management of the IMID, number of anti-
CD20 infusions and gammaglobulin level), related to 
the EV infection diagnosis (time to diagnosis, organ 
involvement, EV identification and type, gammaglob-
ulin level and CD19+ B-cells count) and its management 
(treatments and outcomes). Outcomes were defined as 
survival without sequelae, survival with sequelae or death 
at the last evaluation.

Literature review
We searched PubMed and Embase for publications on 
case reports of EV infections following anti-CD20 therapy 
up to November 2023. The following search terms 
(without any filter) were used: (enterovirus or entero-
viral or echovirus or coxsackievirus) AND (rituximab 
or ocrelizumab or obinutuzumab or ofatumumab or 
anti-CD20). Relevant articles were independently evalu-
ated by GMdF and JH and selected considering the title, 
abstract and full text. One published case not identified 
in the PubMed and Embase search was identified via the 
NRL. Articles not related to severe EV infections and/
or anti-CD20 therapy and/or patients with IMIDs were 
excluded. Unpublished abstracts were not included in 
the review.

Neutralisation assay
The immune response to EV infection was studied 
for one patient with AAV treated with rituximab, who 
suffered from a chronic meningoencephalitis associ-
ated with EV-A71 subgenotype C1. The production of 
neutralising antibodies to EV-A71 subgenotype C1 was 
studied in five serum samples collected on 21 January 22 
(earliest EV-positive detection), 20 June 2022, 1 August 
2022, 29 August 2022 and 25 October 2022. The test 
virus was a subgenotype C1 EV-A71 strain (designated 
C1-16) isolated from a clinical sample obtained in 2016 
by the NRL (Clermont-Ferrand, France). The virus 
strain was propagated in rhabdomyosarcoma (RD) cell 
line obtained from the European Collection of Authen-
ticated Cell Culture (Cat. No. 8511502). RD cells, used 
at passages between 44 and 80, were cultured in Dulbec-
co’s Modified Eagle Medium (DMEM) high glucose 
(Dutscher) containing 2 mM glutamine, 10% fetal bovine 
serum (FBS; Eurobio) and 1% streptomycin-penicillin. 
The virus stock used in neutralisation tests was prepared 
in RD cells and checked by sequencing the complete 
viral genome.10 The infection titre was determined by 
a titration assay based on the limiting dilution method 
reported earlier.11 The neutralising activity of antibodies 
to C1-16 EV-A71 was assessed with a live virus neutrali-
sation assay. After heat inactivation at 56°C for 30 min, 
all serum samples were diluted with DMEM without FBS 
serially twofold from 1:4 to 1:2018. The neutralisation 
assay was performed with 100 viral particles dispensed in 
96-well culture plate. 50 µL of diluted serum was mixed 
with 50 µL of virus suspension. After incubating at 37°C 
for 1.5 hours, an RD cell suspension containing 1.2×104 
cells/well was added, and the plates were incubated at 
37°C for 6 days. Each serum was tested in triplicate and in 
each test, batch included controls tested in duplicate: cell 
control, virus control (no antibody) and serum control 
(no virus). A positive serum control was included (poly-
valent immunoglobulins (PolyIg) diluted serially twofold 
and tested with and without virus). PolyIg sample was 
kindly provided by K. Coudéré and K. Benschop from the 
ENPEN network. The cytopathic effect was checked daily 
by light microscopy. The neutralisation titre was defined 
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as the highest dilution that exhibited >50% neutralisa-
tion of the cytopathic effect. Neutralising titres ≥1:8 were 
defined as indicative of preserved immunity.12 13

Statistical analyses
Data were extracted from the patients’ medical records. 
Qualitative variables are reported as number (%), and 
quantitative variables are reported as median (IQR).

RESULTS
Patient characteristics at the time of diagnosis of EV infection
We identified a total of 26 cases of severe EV infections 
in patients with IMIDs, including 9 original cases and 
17 published cases (flow diagram for literature review is 
presented in figure 1).7 14–29 Between 2016 and 2022, 14 
013 EV infections were reported by the ESN, including 
2968 in adult individuals. Of these, 26 (21.3%) out of 
122 severe infections occurred in immunocompromised 
patients. Eleven (42.3%) patients had IMIDs treated with 
anti-CD20 mAbs (including two cases already published).

Patient characteristics are reported in table 1. The most 
common underlying IMIDs were rheumatoid arthritis 
(n=7, 27%), vasculitis (n=4, 15%) (three AAV and one 

pulmonary capillaritis) and primary autoimmune cyto-
penia (n=4, 15%). The median age at IMID diagnosis 
was 22 (15–29) years and the median disease duration 
before EV infection was 7 (5–12) years. No patient had a 
history of recurrent infections suggesting an underlying 
PID and only one patient had a notable history of self-
resolving EV meningitis 3 years before. Only one (8%, 
data available for 13) patient with a history of treatment 
with fingolimod and dimethyl-fumarate had hypogam-
maglobulinemia (5.3 g/L) before anti-CD20 mAbs 
initiation. Patients had received a median of 1 (1–3) 
immunosuppressive drug before anti-CD20 mAbs initi-
ation and one patient had undergone autologous stem 
cell transplant for autoimmune thrombocytopenia 20 
months before rituximab initiation. Anti-CD20 mAbs 
consisted of rituximab infusions in 25 (96%) patients and 
ocrelizumab in 1 patient. Patients had received a median 
of 8 (5–10) anti-CD20 infusions with a median cumulated 
dose of 6 g (4.7–8). At the time of diagnosis of EV infec-
tion, four (18%) patients had a concomitant immuno-
suppressive treatment associated with anti-CD20 mAbs 
infusions and 4/19 (21%) had received >10 mg/day for 
>2 weeks of glucocorticoids within the year. Among the 

Figure 1  Flow chart of the study.
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19 patients with available lymphocyte phenotyping, all 
had a marked B-cell depletion and most (n=14/23, 61%) 
showed hypogammaglobulinemia (gammaglobulin or 
IgG <6 g/L) with a median level of gammaglobulin or 
IgG of 4.8 g/L (4.2–6.2) (table 1). The median decrease 
of gammaglobulin or IgG level following anti-CD20 mAbs 
treatment was 45% (n=11 (30–49)).

Characteristics, management and outcome of EV infections
Main clinical manifestations were fever (n=19, 73%) and 
diverse neurological symptoms (n=21, 81%), including 
confusion, headaches, cognitive impairment, focal 

symptoms, tremor, ataxia or dysarthria (table 2). Twen-
ty-two patients had cerebrospinal fluid (CSF) evaluation, 
including one without neurological symptoms: 16/20 
(80%) had increased protein level (defined as >0.4 g/L, 
median 0.66 g/L (0.42–0.91)) and 18/20 (85%) had 
hypercellularity (defined as >5/mm3, median 28/mm3 
(13–64)). Cerebral MRI was abnormal in 11/18 (61%). 
Other organ involvement included ear, nose and throat 
manifestations (n=12, 46%), mostly consisting of hearing 
loss, muscle (n=7, 27%), myocarditis (n=6, 23%), liver 
(n=5, 19%), skin (n=4, 15%), lung (n=2, 8%), eye (n=1, 

Table 1  Patient’s characteristics at EV infection onset

All cases
N=26

Original cases
N=9

Published cases
N=17

Female 19 (73%) 6 (67%) 13 (76%)

IMIDs

 � Rheumatoid arthritis 7 (27%) 3 (33%) 4 (24%)

 � Vasculitis 4 (15%) 2 (22%) 2 (12%)

 � Primary autoimmune cytopenia 4 (15%) 0 4 (24%)

 � Multiple sclerosis 3 (12%) 2 (22%) 1 (6%)

 � Systemic lupus 2 (8%) 1 (11%) 1 (6%)

 � Minimal change disease 2 (8%) 0 2 (12%)

 � Others* 4 (15%) 1 (11%) 3 (18%)

Age at IMID diagnosis, years (IQR) (n=23/9/14) 22 (15–29) 26 (16–30) 19 (14–24)

IMID duration, years (IQR) (n=23/9/14) 7 (5–12) 9 (8–20) 6 (4–7)

Prior notable infection 1 (4%) 1 (11%) 0

Biological characteristics

Gammaglobulin or IgG level (g/L), median (IQR) (n=23/9/14) 4.9 (4.3–6.7) 5.0 (4.4–7.0) 4.9 (4.2–6.0)

IgM level (g/L), median (IQR) (n=11/5/6) 0.20 (0.12–0.45) 0.30 (0.2–0.4) 0.17 (0.11–0.43)

IgA level (g/L), median (IQR) (n=11/5/6) 0.79 (0.50–1.07) 1.1 (0.8–1.5) 0.50 (0.33–0.90)

CD19+ B cells (/mm3), median (IQR) (n=20/8/12) 0 (0–0) 0 (0–0) 0 (0–0)

Treatments

Number of lines of treatment before anti-CD20 mAbs, median (IQR) 1 (0–3) 1 (0–3) 1 (1–3)

Number of previous anti-CD20 mAbs infusions, median (IQR) 
(n=22/8/14)

8 (5–10) 8 (6–9) 8 (5–10)

Time since last anti-CD20 mAbs infusion, months (IQR) (n=21/9/12) 6 (3–13) 4 (3–7) 8 (4–14)

Steroid treatment (>10 mg/day for >2 weeks in the last year) 4/19 (21%) 3/9 (33%) 1/10 (10%)

Associated immunosuppressive treatment 4 (15%) 1 (11%) 3 (18%)

 � Methotrexate 2 (8%) 1 (11%) 1 (6%)

 � Azathioprine 1 (4%) 0 1 (6%)

 � TNF inhibitor 1 (4%) 1 (11%) 0

 � Leflunomide 1 (4%) 0 1 (6%)

 � Hydroxychloroquine 2 (8%) 0 2 (12%)

When data were missing, the number of cases for which the data were available is indicated.
Normal IgG level: 7–13 g/L; normal IgM level: 0.5–2.1 g/L; normal IgA level: 0.7–3.4 g/L.
*Consisting of thrombotic thrombocytopenic purpura (n=1), psoriatic arthritis (n=1), anti-MOG-associated disease (n=1) and Devic’s disease 
(n=1).
EV, enterovirus; IMID, immune-mediated inflammatory diseases; mAbs, monoclonal antibodies; MOG, myelin oligodendrocyte glycoprotein; 
TNF, tumour necrosis factor.
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4%) and gastrointestinal (n=1, 4%) manifestations. 
Organ involvements are illustrated in figure 2.

Among 22 patients with CSF assessment, EV genome 
was detected in 20 (91%), 1 was not tested for EV and 
1 was negative but positive on brain biopsy. Viraemia 
was detected in 11 (42%) patients and biopsy-proven 

organ involvement (heart, muscle, brain, liver or skin) 
was obtained in 9 (35%) patients. Two patients had nega-
tive EV genome detection in organ biopsies (cardiac 
and muscular) despite histological inflammation and 
positive EV detection in other clinical specimens. When 
performed, EV genome was also detected in stools, 

Table 2  Enteroviral infections: characteristics, management and outcome

All cases
N=26

Original cases
N=9

Published cases
N=17

Manifestations and organ involvement

 � Fever 19 (73%) 8 (89%) 11 (65%)

 � Neurological 21 (81%) 8 (89%) 13 (76%)

 � CSF protein level (g/L), median (IQR) (n=20/9/11) 0.66 (0.42–0.91) 0.43 (0.40–0.70) 0.83 (0.55–0.96)

 � CSF cellularity (/mm3), median (IQR) (n=20/8/12) 28 (13–64) 17 (7–26) 35 (23–119)

 � Brain MRI abnormalities (n=18/9/9) 11 (61%) 4 (44%) 7 (78%)

 � ENT 12 (46%) 4 (44%) 8 (47%)

 � Muscular 7 (27%) 2 (22%) 5 (29%)

 � Cardiac 6 (23%) 2 (22%) 4 (24%)

Leading to end-stage cardiac failure 4 (15%) 0 4 (24%)

 � Liver 5 (19%) 2 (22%) 3 (18%)

Leading to end-stage liver failure 2 (8%) 0 2 (12%)

 � Skin 4 (15%) 1 (11%) 3 (18%)

 � Lung 2 (8%) 1 (11%) 1 (6%)

 � Eye 1 (4%) 1 (11%) 0

 � Gut 1 (4%) 0 1 (6%)

EV-positive samples

 � Blood 11 (42%) 4 (44%) 7 (41%)

 � CSF 20 (77%) 9 (100%) 11 (65%)

 � Stools 3 (12%) 1 (11%) 2 (12%)

 � Organ biopsy 9 (35%) 0 9 (53%)

 � Nasopharyngeal swab 1 (4%) 0 1 (6%)

 � BAL 2 (8%) 1 (11%) 1 (6%)

EV types

 � EV-A71 6 (23%) 4 (44%) 2 (12%)

 � Coxsackievirus 7 (27%) 2 (22%) 5 (29%)

 � Echovirus 5 (19%) 1 (11%) 4 (24%)

 � Unknown 8 (31%) 2 (22%) 6 (35%)

Treatments

 � IVIg 21 (81%) 8 (89%) 13 (76%)

 � Steroids 6 (23%) 2 (22%) 4 (24%)

 � Organ transplant 3 (12%) 0 3 (18%)

 � Others* 6 (23%) 0 6 (35%)

Outcomes

 � Survival without sequelae 13 (50%) 7 (78%) 6 (35%)

 � Survival with sequelae 6 (23%) 1 (11%) 5 (29%)

 � Death 7 (27%) 1 (11%) 6 (35%)

*Consisting of fluoxetine (n=3), fluoxetine and pocapavir (n=1), pleconaril (n=1), acyclovir.
BAL, bronchoalveolar lavage; CSF, cerebrospinal fluid; ENT, ear, nose, throat; EV, enterovirus; IVIg, intravenous immunoglobulin.
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bronchoalveolar lavage fluid or nasopharyngeal swab. 
The median time between symptoms onset and EV iden-
tification was 1 month (0.1–6). The EV type was identified 
or reported for 18 cases: 6 infections (23%) were associ-
ated with EV-A71, 7 (27%) with coxsackieviruses (CVA9, 
B2, B3, B4 or B5) and 5 (19%) with echoviruses (E-9, 11, 
18 and 25). All patients with EV-A71/C1-associated infec-
tion had neurological involvement whereas CVs were the 
most frequent EVs found in patients with cardiac involve-
ment (in three out of four with available EV type).

Therapeutic management of EV infection mainly 
consisted of intravenous immunoglobulin (IVIg) (n=21, 
81%), with highly variable doses and durations of 
administration. Glucocorticoids were initially used in 
six (23%) patients mostly because of missing diagnosis. 
Other treatments included fluoxetine (n=5), pocapavir 
(n=1), pleconaril (n=1) and acyclovir (n=1). Thirteen 
(50%) patients survived without sequelae, six (23%) 
with sequelae and seven (27%) died. Sequelae included 
hearing loss in two patients and heart transplant, liver 
transplant, cognitive–behavioural disorders or decreased 
visual acuity in one case each. Causes of death were infec-
tious pneumonitis in patients with neurological involve-
ment (n=2), fulminant myocarditis (n=2), ischaemic 
stroke after brain biopsy (n=1), fulminant hepatitis (n=1) 
and postheart transplant multiorgan failure (n=1).

Neutralising antibody response against EV in a patient with 
AAV
We performed neutralisation assays (figure  3) in one 
patient with AAV treated with repeated courses of ritux-
imab (last infusion in December 2021). In January 
2022, he progressively developed psychomotor slowing 
suggesting depression. In May 2022, he presented 
with dysarthria, walk impairment with tetra pyramidal 
syndrome and memory loss and was diagnosed with an 
EV-A71 meningoencephalitis in June 2022 (subgenotype 
C1, identified in blood and CSF). Brain MRI is shown in 
figure 2A. EV viraemia was negative in December 2021 
but positive in January 2022 at the onset of neurological 
symptoms. He was treated with high-dose IVIg (2 g/kg/

Figure 2  Organ involvement in severe enteroviral infections. (A) Brain MRI taken in June 2022 showing centro-pontine fluid-
attenuated inversion recovery (FLAIR) hyperintensity without enhancement for the patient presented in figure 3; (B) brain MRI 
showing complete regression of abnormalities in September 2022 (same patient); (C) diffuse myocardial oedema (MRI, T2 
mapping); (D) septal, basal lateral and lateral medial enhancement (MRI, late gadolinium enhancement); (E) multifocal ground 
glass opacities; (F and G) lymphocytic myocarditis with interstitial T cell (G:CD3+ cells) foci, dystrophic myocytes, no giant cell 
or eosinophilic infiltration, no myocardial necrosis.

Figure 3  Sera neutralisation titre overtime in one of the 
reported patients with chronic EV-A71 meningoencephalitis. 
EV, enterovirus; EV+, positive EV RT-PCR in blood and 
cerebrospinal fluid (CSF); EV−, negative EV RT-PCR in 
blood and CSF; IVIg, intravenous immunoglobulin; PolyIg, 
polyvalent immunoglobulins used as a positive control. Each 
point represents a serum sample.
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course) every month from June 2022. After IVIg initia-
tion, the patient showed sustained negative EV RT-PCRs 
in blood and CSF. After three IVIg infusions, he only 
had mild hyper-reflexia and his brain MRI normalised 
(figure 2B). Neutralisation assays showed that sera from 
January, June and October 2022 had no neutralising 
activity against EV-A71 whereas the two sera from August 
only showed weak neutralising activity (after several IVIg 
infusions), suggesting an impairment to develop efficient 
humoral response against EV under rituximab.

DISCUSSION
We report here 9 original and 17 previously published 
cases of severe EV infections in patients treated with anti-
CD20 mAbs for IMIDs. Most patients developed EV infec-
tion after repeated anti-CD20 infusions despite limited 
concomitant immunosuppressive treatments. Meningo-
encephalitis with identification of EV in the CSF was the 
most frequent manifestation. The mortality rate was high 
despite identification of the EV as the causal agent in all 
reported cases.

Anti-CD20 mAbs lead to an impaired B-cell response 
as illustrated by the lack of anti-EV neutralising antibody 
response in one of our patients. This B-cell impairment 
has also been shown in vaccination response and infec-
tion susceptibility, for example, for SARS-CoV-2 infec-
tion,30 31 but severe EV infections are not typical in this 
setting. All the patients from this case series were diag-
nosed with severe EV infections in adulthood. Regard-
less of immune status, although EV infections, including 
severe cases, are mainly reported in children, adults 
represent around 25% of EV-infected patients each year 
in France.30 In patients with PID, the age of onset of 
severe EV infections is known to be highly variable and 
not limited to childhood.6 EV infections in immunocom-
promised adults should thus not be underestimated. Our 
patients also had profound B-cell depletion and frequent 
hypogammaglobulinemia, although not reaching the 
drastically low levels observed in patients with XLA, which 
could have had a potential impact on their susceptibility 
to developing EV infections. Altogether, these observa-
tions would suggest that treatment with anti-CD20 mAbs 
alone may not be adequate to promote EV infections 
but could serve as an additional factor contributing to 
susceptibility in predisposed patients. Therefore, a PID 
should be systematically discussed in these patients.

Similar to patients with primary B-cell immunodefi-
ciency, meningoencephalitis and identification of EV 
in the CSF were very common in this case series,6 high-
lighting the neurotropism of EV. Remarkably, heart 
involvement was frequent in the patients compared with 
what has been described in B-cell PID.5 6 Among all the 
identified EV in this study, EV-A71, especially the emer-
gent variant C1, and CVs B-associated infections, are both 
characterised by more frequent central nervous system 
(CNS) and cardiac involvement, respectively, similar 
to what is observed in immunocompetent patients, 

although mostly reported in young children.32 Poorly 
specific presentations often led to delayed EV infec-
tion diagnosis even though EV genome detection, now 
routinely performed in most laboratories, was frequently 
positive in several fluids and/or tissues. Detection of the 
EV genome in blood or CSF establishes with certainty the 
diagnosis of an ongoing EV infection. Detection of EV 
in throat or stool samples may increase the chances of 
diagnosis due to prolonged shedding of EV, although a 
positive result may reflect a past infection. Organ biop-
sies were rarely required to identify the virus and should 
only be performed after multiple fluids assessment.

A high mortality associated with severe EV infections 
was observed, especially in patients with heart involve-
ment. However, most of the lethal infections were among 
published cases, thus potentially reflecting a publication 
bias. In addition, only half of the patients survived without 
sequelae. Due to the rarity of this condition, treatment 
strategy is not codified. IVIg were often used with vari-
able dose and efficiency. Early treatment with high-dose 
IVIg could be suggested, as in XLA, owing to a plausible 
effect of IVIg and limited side effects (particular atten-
tion should be given to patients with heart involvement).5 
Dose and frequency should then be adapted to symptoms, 
gammaglobulin level and EV infection diagnosis. More-
over, their effectiveness is highly dependent on the pres-
ence of sufficient levels of neutralising antibodies specific 
to the type of EV responsible for the infection, although 
not correlated with a high level of neutralising antibodies 
(as seen in figure 3). Some studies have also mentioned a 
protective effect of fluoxetine which inhibits viral replica-
tion in vitro.33 Other compassionate drugs such as poca-
pavir and pleconaril could be alternative options.34 Our 
study has limitations. Clinical data collected through the 
ESN might be incomplete regarding the immune status 
of EV-infected patients, and EV infections may not be 
reported as severe. This may explain the low number of 
patients in our study. However, all EV infections with CNS 
or cardiac involvement tend to be exhaustively explored 
limiting the number of missing data. Also, this study 
focused on severe EV infections and lack of denominator 
data. It would be interesting to estimate the prevalence 
of EV infections, their severity and outcomes in the 
growing number of patients treated with CD20 mAbs for 
IMIDs.VIg can be used as a first-line treatment, similar to 
patients with XLA with EV infections, due to its limited 
side effects.

In conclusion, EV genome detection should be 
included in the initial microbiological screening for 
patients with IMIDs treated with anti-CD20 mAbs who 
exhibit atypical and refractory organ involvement, partic-
ularly meningoencephalitis. EV infections should not 
only be suspected in patients with a history of recurrent 
infections or profound hypogammaglobulinemia. IVIg 
can be used as a first-line treatment, similar to patients 
with XLA with EV infections, due to its limited side 
effects. Prospective studies with systematic screening 
for EV infections in patients treated with IMIDs and 
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anti-CD20 mAbs are needed to assess their incidence 
(overall and severe), as well as the incidence of asymp-
tomatic viral replication and to identify associated risk 
factors. A systematic approach to genetic screening for 
an underlying immunodeficiency would help understand 
the pathophysiology of this rare but severe complication.
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