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Patients with psychosis spectrum disorders hospitalized during

the COVID-19 pandemic unravel overlooked SARS-CoV-2 past
infection clustering with HERV-W ENV expression and chronic
inflammation
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Epidemiology has repeatedly associated certain infections with a risk of further developing psychiatric diseases. Such infections can
activate retro-transposable genetic elements (HERV) known to trigger immune receptors and impair synaptic plasticity of
neuroreceptors. Since the HERV-W ENV protein was recently shown to co-cluster with pro-inflammatory cytokines in a subgroup of
patients with schizophrenia or bipolar disorder, we questioned the influence of the COVID-19 pandemic on patients with psychosis
spectrum disorders (PSD). Present results revealed that (i) SARS-CoV-2 serology shows high prevalence and titers of antibodies in
PSD, (i) HERV-W ENV is detected in seropositive individuals only and (iii) SARS-CoV-2 and HERV-W ENV positivity co-clustered with
high serum levels of pro-inflammatory cytokines in psychotic patients. These results thus suggest that SARS-CoV-2 infection in
many patients with psychotic disorders now admitted in the psychiatry department did not cause severe COVID-19. They also
confirm the previously reported association of elevated serum pro-inflammatory cytokines and HERV-W ENV in a subgroup of
psychotic patients. In the context of the COVID-19 pandemic, this cluster is only found in SARS-CoV-2 seropositive PSD cases,
suggesting a dominant influence of this virus on HERV-W ENV and cytokine expression, and/or patients’ greater susceptibility to
SARS-CoV-2 infection. Further investigation on an interplay between this viral infection and the clinical evolution of such PSD
patients is needed. However, this repeatedly defined subgroup of psychotic patients with a pro-inflammatory phenotype and HERV
expression calls for a differential therapeutic approach in psychoses, therefore for further precision medicine development.

Translational Psychiatry (2023)13:272; https://doi.org/10.1038/s41398-023-02575-3

INTRODUCTION

The coronavirus disease 2019 (COVID-19), caused by the Severe
Acute Respiratory Syndrome CoronaVirus-2 (SARS-CoV-2), has
generated unprecedented mortality and morbidity worldwide. It
is now foreseen to probably become endemic as a multi-organ
disease with a broad spectrum of manifestations [1], including
long-term brain sequelae [2]. Similarly to previous post-coronavirus
infection periods, survivors were described as having acute, but
also persistent, neuropsychiatric (NP) impact of the infection [3]
often unrelated to respiratory insufficiency and to COVID-19
severity [4]. The prevalence of psychosis during COVID-19 infection

was estimated to be close to 0.9% in non-hospitalized patients and
2.8% for those admitted to intensive care units [5]. Among patients
having recovered from COVID-19, a relatively large proportion
(20-25%) is reported to suffer from long-lasting post-COVID
symptoms, even after mild or asymptomatic forms of the disease.
Post-COVID symptoms frequently include NP complications lasting
months after the initial infection, strongly suggesting a persisting
functional impairment of the brain [6]. The National Institute for
Health and Care Excellence guidelines now defines post-COVID-19
syndrome as “signs and symptoms that develop during or after an
infection consistent with COVID-19, persisting for more than 12
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weeks (3 months) and not explained by an alternative diagnosis”
[7]. Post-infection follow-up studies in Europe, USA or China
reported that NP consequences were even more prevalent at, or
beyond, 6 months (up to 34%) than after 3 months [8]. Meta-
analysis showed that while symptoms such as anosmia, dysgeusia
and headache resolve, new onset of sleep disturbances (30%),
anxiety (23%) and depression (16%) are more frequent at 6 months
or beyond and were predominantly observed in patients who had
not been hospitalized for COVID [9]. Therefore, such long-term NP
complications potentially reflecting brain neurobiological dysfunc-
tion several months after the initial infection, whatever the severity
of the SARS-CoV-2 infection, require understanding the underlying
causes to set up an early and accurate detection, along with a
specific diagnosis allowing targeted treatments. These NP symp-
toms impact the quality of life and the social functioning of a
significant proportion of the active population long after the
pandemic era, now rather controlled by vaccination efforts but also
feared to drift towards endemicity with an influenza-like scheme
(1.

Different mechanisms by which SARS-CoV-2 can impact the
brain have been described such as damaging endothelial cells
leading to central nervous system thrombi and inflammation,
which in turn can increase kynurenine, glutamate neurotoxicity,
decrease monoamines and trophic factors, while activating
complement cascade and microglia [2]. However, given that such
dysregulations are likely neither attributable to a direct deleterious
effect of a central SARS-CoV-2 infection nor to vascular and
thrombotic events, it is of interest to uncover the underlying
substratum of these neurobiological dysfunctions and NP
symptoms.

Accordingly, it was recently shown that SARS-CoV-2 directly
activates the expression of the Human Endogenous Retrovirus-W
envelope protein (HERV-W ENV) in lymphoid cells on the one hand
and that such a process was found in microglia of post-mortem
brains from COVID-19 in the absence of any viral stigma [10].
HERV-W ENV was also found to be highly expressed in leukocytes
of COVID-19 patients, with a magnitude paralleling that of
inflammation, disease severity and outcomes [11]. These studies
shed new light on the potential link between SARS-CoV-2
infection and post-COVID-19 outcomes.

HERV are genetic elements resulting from ancestral infections of
germline cells, which represent 8% of the human genome. They
are normally inactivated or epigenetically silenced, but some of
their genes retain the ability to be activated. Nonetheless, several
HERV sequences have been co-opted during evolution and play a
physiological role, including an important contribution of
defective copies to the non-coding regulatory RNAs. However,
an abnormal expression of HERVs has been shown in various
disorders including cancer, multiple sclerosis, diabetes, and
rheumatoid arthritis. In particular, a HERV envelope protein,
namely HERV-W ENV (W-ENV), was shown to be immunopatho-
genic and neurotoxic [12-14], the expression of which can be
activated by certain exogenous viruses [15, 16]. W-ENV was shown
to induce pro-inflammatory responses through the toll-like-
receptor 4 cascade [17, 18] but also inhibition of oligodendrocyte
precursor cell (re)myelination [19].

Thus, after having shown that W-ENV is detected in the blood of
about one-half of patients with schizophrenia and one-third with
bipolar disorder [20-22], we identified a W-ENV-induced pathway
leading to glia- and cytokine-dependent major alteration of the N-
methyl-d-aspartate receptor synaptic organization and plasticity
[12]. This further showed that the W-ENV protein expressed in rat
brains also induced abnormal behavioral patterns, which were
inhibited/reversed and prevented by injections of a specific anti-
HERV-W ENV antibody.

In the post-COVID-19 pandemic context, the present observa-
tional study aimed at exploring a possible relationship between
exposure to SARS-CoV-2 and the expression of HERV-W ENV along
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with inflammation in a cohort of hospitalized patients suffering
from psychosis without a known history of acute COVID infection.
To this end, we quantified the circulating levels of W-ENV protein,
of selected pro-inflammatory cytokines and determined the
serological anti-SARS-CoV-2 IgG status in sera from patients
having experienced a first episode or a relapse of a major mood
or psychotic disorder during the early pandemic period, before
the availability of anti-SARS-CoV-2 vaccine.

MATERIALS AND METHODS

Study cohorts

Forty-eight patients with psychosis spectrum disorder (PSD), with
schizophrenia (n=38) or with schizoaffective disorder (n=10) were
included in the present study while being hospitalized in the Department
of Psychiatry of the Henri Mondor University Hospital (AP-HP, Créteil,
France) for an acute psychotic episode, further referred to as PSD. As the
serum collection was made during the first wave of COVID-19 in the spring
of 2020 and before the vaccine against COVID was available, patients were
confirmed to have a negative PCR test for SARS-CoV-2 when hospitalized.
In addition, none of them could report a history of known COVID-19. The
mean age of patients at inclusion was 41.67 + 12.73 years, for the whole
cohort (PSD), which comprised 35% females and 65% males. Psychiatric
symptomatology was assessed using the French version the BPRS rating
scale [23] by a trained psychologist or psychiatrist. Five milliliters of
peripheral blood were drawn by venipuncture from subjects and allowed
to clot for 1 h before centrifugation (1500 x g, 10 min). Samples were
aliquoted from fresh serum and stored in at -80 °C and thawed on ice at
the time of analysis.

A control group of 55 caregivers (CG, mainly nurses) working in the same
hospital where patients were assessed and having been exposed to the
same pandemic environment but without detectable COVID-19-related
symptoms was included in the study. The mean age of CG at inclusion was
42.91+£10.76 years and 79.2% were females.

To avoid any interference either with the inflammatory status or with
HERV expression, patients were enrolled based on the absence of any
ongoing comorbid inflammatory or neurological disorder as well as the
absence of any immunomodulatory treatment.

Quantification of circulating levels of pro-inflammatory
cytokines

Serum levels of cytokines were quantified with the fully automated
immunoassay platform, Ella (ProteinSimple/Bio-Techne, CA, USA) with the
Simple Plex Cytokine Storm Panel (Ref. # STO1A-PS-003229). The lower
limits of quantification were provided by the supplier as a threshold for
normal baselines, e.g., 3pg/ml for IL-6. Serum samples were run in
triplicate and results in pg/mL were calculated by the instrument software
(Simple Plex Explorer, ProteinSimple/Bio-Techne, CA, USA).

SARS-CoV-2 serology

The detection and quantification of anti-SARS-CoV-2 antibodies was
performed by Simple Western technology, an automated capillary-based
size electrophoretic sorting and immunolabeling system (Jess, Protein-
Simple/Bio-Techne, CA, USA), with the SARS-CoV-2 Multi-Antigen
Serology Module. All procedures were performed with the manufac-
turer's reagents according to their recommendations. Briefly, a mix of
his-tagged recombinant proteins of SARS-CoV-2 (Spike, ST Subunit, S2
Subunit, STRBD and Nucleocapsid) were used to detect specific anti-
SARS-CoV-2 antibodies. Proteins were mixed with fluorescent master mix
and heated at 95°C for 5min. Serums were diluted at 1/10 for IgG
detection in serum diluent (ProteinSimple; SA-001). Anti-human IgG-HRP
from ProteinSimple was used (ProteinSimple 043-491, ready to use). The
denatured protein, blocking reagent, washing buffer, antibodies and
chemiluminescent substrate were dispended into the microplate.
Samples were loaded in duplicate into individual capillaries on a 25-
capillary cartridge (12-230kDa separation matrix). Protein separation
and immunodetection were automatically performed on individual
capillaries using default settings. The area under the curve (AUC) for
the electropherograms peak corresponding to the immunodetection of
each protein at the expected size, was measured using Compass
Software. The threshold for positivity was equal to 1.2 x 107 total under
the curve [AUC] values encompassing all SARS-CoV-2-related antigens, as
determined by QC validation of the Kit.

Translational Psychiatry (2023)13:272
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Fig. 1 Distribution and characteristics of SARS-CoV-2 serology in caregivers (CG) and patients with psychosis spectrum disorder (PSD).
A Percentage of CG and PSD subjects who were found to be negative (SARS-CoV-2"%9) or positive (SARS-CoV-2P%%) for SARS-CoV-2 based on
SARS-CoV-2 IgG serology (threshold for positivity: >1.2x 107 total under the curve [AUC] values encompassing all SARS-CoV-2-related
antigens). The numbers in brackets represent the number of subjects in each subgroup. ***p < 0.01, reflecting the significant difference in the
number of SARS-CoV-2P°* cases in the PSD compared to the CG group, based on yate's corrected x> test. B Cumulated SARS-CoV-2 serology
values (total AUC values) in SARS-CoV-2P°° CG (n = 28) and PSD (n = 40) subjects. The dashed line represents the threshold for SARS-CoV-2

positivity. ***p < 0.001, based on the Mann-Whitney test.

HERV-W ENV detection and quantification

For the detection of circulating serum HERV-W ENV antigen and the
quantification of its circulating soluble form, all analyses were performed
with the above-mentioned Simple Western system (Jess, ProteinSimple/
Bio-Techne, CA, USA), according to the conditions provided in the patent
published under ref. W02019201908 (A1) and entitled “Method for the
detection of the soluble hydrophilic oligomeric form of HERV-W envelope
protein”, as previously described [24]. The specific signal was expressed as
the signal-to-the-background-noise (S/N) ratio, where the background
noise represents the mean + 2 SD of the background signals yielded by a
panel of samples from healthy controls. According to the stability of the
measured protein, the herein-studied serum samples were stored at -80 °C
for less than 6 months. All samples were kept frozen after their initial
freezing until use (first thawing cycle for the immunoassay).

Statistical analyses

A detailed description of the statistical tests used is provided in the
Supplementary Information. All statistical analyses were performed using
SPSS Statistics (version 25.0, IBM, Armonk, NY, USA) and Prism (version 8.0;
GraphPad Software, La Jolla, California), with statistical significance set at
p < 0.05.

Of note, when some sera could not be tested because of quantity
limitation or technical issues for test interpretation with requested QC
criteria, the numbers analyzed in the successive analyses may differ from
one to two PSD or CG.

RESULTS

Although no COVID-19 infection was recorded in patients and
caregivers, we observed a positive anti-SARS-CoV-2 serology in the
two studied subgroups (Fig. 1), indicating a previous infection or a
significant response after exposure to SARS-CoV-2. Patients with
psychotic disorder (PSD) had a significantly higher number of
positive sera than caregivers (40/48, 83.33% and 28/55 50.90%
respectively; x> with Yates correction: 10.6098. p=0.001125;
Fig. TA) along a higher titer of specific anti-SARS-CoV-2 antibodies
(Mann-Whitney U test, p < 0.001; Fig. 1B).

We further analyzed the same sera for the presence of HERV-
W ENV protein (W-ENV) and found that a significantly increased
proportion of SARS-CoV-2 seropositive PSD patients was W-ENV
positive (13/48; 27.1%) as compared to CG (5/55, 9%). Of note,
the SARS-CoV-2 seronegative CG had no detectable circulating
W-ENV (0/27). PSD patients presented significantly elevated
W-ENV levels as compared to the whole control group
(Mann-Whitney U test, p=0.0035; Fig. 2C). Among control
caregivers who have positive SARS-CoV-2 serology, only low
HERV-W ENV levels were found in four seropositive caregivers
(9%; 5/55) with a single outlier (Fig. 2B).

Translational Psychiatry (2023)13:272

To analyze the potential impact of SARS-CoV-2 seropositivity on
serum circulating levels of W-ENV in association with pro-
inflammatory cytokines, we performed cluster analyses of PSD
patients as previously described in patients with psychosis before
the COVID-19 pandemic [22]. The stratification of patients was
performed using unsupervised two-step cluster analysis with the
following clustering variables: SARS-CoV-2 seropositivity, HERV-W
ENV positivity and pro-inflammatory cytokines levels (IL-1(, IL-6,
IL-8 and TNF-a) as presented in Fig. 3. The analysis involved 48
PSD patients and identified three clusters, namely cluster 1 (CL1),
CL2 and CL3 (Fig. 3A). The cluster 1 (16.6%; 8/48) corresponds to
patients negative for both SARS-CoV-2 antibodies and HERV-W
ENV antigenemia, along with low serum levels of pro-
inflammatory cytokines. Cluster 2 (56.3%; 27/48) consists of
patients with positive SARS-CoV-2 serology but negative HERV-W
ENV antigenemia, and low/intermediate values of pro-
inflammatory cytokines. Cluster 3 (27.1%; 13/48) represents
patients positive for the three clustering variables with higher
levels as compared to the two other clusters. We also observed
that SARS-CoV-2 serology and HERV-W ENV protein had a
dominant predictor importance for cluster identification followed
by two cytokines, i.e.,, TNF-a and IL-8 (Fig. 3B).

This clustered distribution of patients thus showed three
phenotypes significantly and consistently stratified on all three
variables. Among cytokines, TNF-a distribution best fitted that of
SARS-CoV-2 antibodies and HERV-W ENV protein levels with highly
significant differences between CL3 and either CL1 or CL2 (Tukey’s
post-hoc tests for multiple comparisons following one-way
ANOVA, p <0.01; Fig. 3C). Nonetheless IL-8 and II-6 levels were
also significantly elevated in CL3, compared to CL1 and CL2
(Tukey's post-hoc tests for multiple comparisons following one-
way ANOVA, p <0.01 and p < 0.05, respectively). Interestingly, II-1
beta provided a significant difference between CL3 and CL1
(Tukey’s post-hoc tests for multiple comparisons following one-
way ANOVA, p < 0.01) while being negative in all CG sera but one
with a low level (Fig. 3C).

DISCUSSION

A long-lasting history of NP syndromes or symptoms following
viral pandemics has already been reported such as, for example,
the “Spanish flu” [25, 26] during the last century, or the H1N1
pandemic [27]. More recently, mounting evidence showed that
patients with psychotic disorders represent a particularly exposed
population group to the SARS-CoV-2 infection, more at risk of
being infected, which exhibited a higher rate of morbidity and

SPRINGER NATURE
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Fig. 2 Distribution of HERV-W ENV protein in caregivers (CG) and
patients with psychosis spectrum disorder (PSD). A Percentage of
CG and PSD subjects who were negative (HERV-W ENV"9) or
positive (HERV-W ENVP®®) for HERV-W ENV protein in serum. The
embedded numbers reflect the number of subjects in each
subgroup. *p <0.05, reflecting the significant difference in the
number of HERV-W ENVP®* cases in the PSD compared to the CG
group, based on the Mann-Whitney test. B Percentage of HERV-W
ENV"9 and HERV-W ENVP®* cases in the CG and PSD groups split by
SARS-CoV-2 positivity. The embedded numbers reflect the number
of subjects in each subgroup. SARS-CoV-2 positivity was based on
SARS-CoV-2 IgG serology (threshold for positivity: >1.2x 107 total
area under the curve [AUC] values encompassing all SARS-CoV-2-
related antigens). C HERV-W signal-to-noise ratio (S/N) comparing
patients and caregivers within SARS-CoV-2-negative and -positive
subgroups. **p = 0.0035, reflecting the significant difference in the
number of HERV-W ENVP® cases in comparing all seropositive
versus all seronegative individuals for SARS-CoV-2, based on the
Mann-Whitney test.
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mortality during COVID-19 episodes, particularly during the first
pandemic waves [28].

The present study further provides compelling results showing
that most psychotic patients with an a priori negative history of
SARS-CoV-2 infection and not yet vaccinated against SARS-CoV-2
had high levels of anti-SARS-CoV-2 antibodies, which was not seen
in caregivers similarly exposed to the same pandemic pressure.
The observed presence of significantly elevated titers of anti-SARS-
CoV-2 antibodies against specific and multiple antigens in the
panel used for the serological analysis also validated its specific
threshold (Cf. Mat. and Meth.) and ruled out the possibility of
previous exposition to other strains of coronavirus with antibody
cross-reactivity. One may therefore question the clinical expres-
sion of COVID-19 in these patients, which may either present a
true psychiatric expression of the SARS-CoV-2 infection or a silent/
mild clinical expression known to represent an important
proportion of cases in certain conditions or areas [29]. To support
such assumptions, the multiple studies showing that post-COVID
disorders are not proportionate in incidence and in magnitude
with the presence or absence of symptoms during acute COVID-19
infection are of particular relevance [30-32]. Concerning HERV-W
activation, though it was found to correlate the severity of the first
COVID-19 episode with all successive variants and to represent
100% of most severe cases, this activation along with the
detection of the HERV-W ENV protein in serum or on blood
lymphocytes was nonetheless detected in a significant percentage
of patients with milder COVID-19 [10, 11, 33]. This is why the
possibility that patients being treated with certain antipsychotic
drugs before the infection with SARS-CoV-2 may have benefitted
from their known antiviral properties, should be taken into
account [34-38]. These antipsychotic drugs may have masked or
lessened the symptomatology related to the infection per se,
which would explain why no severe or significantly symptomatic
COVID-19 cases were reported among the HERV-W ENV-positive
psychiatric patients in this cohort. In addition, psychiatric patients
are prone to pass health systems filters given the well-known
stigmatization of patients with mental disorders and/or their
isolation [39].

We here observed that the SARS-CoV-2-positive patients’ group
exhibited higher circulating HERV-W ENV levels when compared
to the caregiver seropositive group and to the SARS-Cov-2-
negative psychotic patients. It is now well admitted that psychotic
disorders, at least for substantial subsets of patients, are under-
pinned by immune dysregulations likely resulting from complex
interactions between inter-individual genetic susceptibility and
environmental stressors with ensuing pro-inflammatory processes
[40]. From the results of previous studies [12, 20-22] and adding
the present one, it is thus conceivable that the HERV elements
may be at the crossroad of such interactions. A previous study
showed that high IL-6 serum levels are correlated with HERV-W
ENV antigenemia in COVID-19 and, in vitro, that IL-6 can be
induced by SARS-CoV-2 in healthy donor’'s PBMC but it appeared
much later that HERV activation in “responding” donors [10]. Thus,
in infected patients, the pro-inflammatory effect of HERV-W ENV
protein is most probably superadding to the response to a viral
infection and is likely to emphasize this cytokine expression
beyond the normal range of immune responses. From this post-
COVID pandemic period, we hence established a strong correla-
tion in psychotic patients, between SARS-CoV-2 infection and
HERV-ENV expression, along with elevated cytokine serum levels
persisting in the absence of ongoing infection.

The present observation enriches the previously shown
association between HERV expression and infectious triggers
mostly consisting of common pathogens and including Herpesvir-
idae strains such as HHV6, HSV1 and Epstein-Barr virus (EBV)
[15, 16, 41] or Toxoplasma parasites [42]. Moreover, adding to the
demonstration of an epidemiological association of EBV with the
development of multiple sclerosis (Science, 2022 [43]), a recent

Translational Psychiatry (2023)13:272
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positivity (threshold for positivity: >1.2x 107 total under the curve values encompassing all SARS-CoV-2-related antigens), HERV-W ENV
positivity (signal-to-noise [S/N] ratio >1) and serum cytokines (LN-transformed IL-1f, IL-6, IL-8 and TNF-«) were used as clustering variables.
A Summary of the cluster characteristics defining CL1, CL2 and CL3. B The pie chart shows the cluster distribution of PSD subjects (n = 48)
across the three clusters (CL1, CL2 and CL3) identified by two-step cluster analysis. The numbers in brackets represent the number of PSD
subjects in each cluster. The bar plot shows the relative predictor importance for cluster separation as revealed by two-step cluster analysis.
C Serum cytokine levels (LN-transformed; means + SEM with individual values overlaid) in the three clusters (CL1, CL2, and CL3) of PSD

patients. *p < 0.05 and **p < 0.01, based on Tukey's post-hoc tests for multiple comparisons following one-way ANOVA.

massive screening of medical records established strong links
between common viral infections and the development of
neurological diseases including, Parkinson, Alzheimer, or multiple
sclerosis [44]. Although this study leaves open the mechanistic
pathway, it is worth reminding that HERV-W reactivation is one of
the operative processes underlying the development of multiple
sclerosis [13, 19], which was also shown to be activated by EBV
membrane glycoprotein [16]. The present observations could
hence be discussed according to the already shown involvement
of HERV elements in psychiatric disorders and/or to the recently
demonstrated ability of the SARS-CoV-2 to induce HERV-ENV
expression by blood lymphoid cells [10, 11]. In this context, we
have repeatedly shown that both SZ and BD disorders are
underpinned by HERV-W-mediated processes [20, 21] with the
recent identification of a signature consisting of HERV-W positivity,
elevated level of circulating pro-inflammatory cytokines and
history of childhood maltreatment [22]. Of note, as childhood
maltreatment events are well known to be associated with
persisting inflammation a long time after the triggering event [45],
it is therefore possible that the presently observed inflammation
may result from both HERV and childhood trauma in a yet to be
determined sequential manner. Similarly, the presently observed
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increased level of HERV-W ENV in psychosis may still be due to the
enhancement of a pre-existing HERV-W positive expression under
the influence of SARS-CoV-2.

Possibly reflecting this question of their relative contributions,
the analyzed cytokines found to discriminate HERV-W positive and
negative groups of “pre-pandemic” patients with SZ or BD, had
shown a strong association for IL-1 beta in BD or IL-6 in SZ. In the
present study, the observed major driving effect of TNF-a and IL-8
could reflect inflammation mediated by SARS-CoV-2 infection
per se as a pivotal marker of the cytokine storm characterizing
COVID-19 infection. However, the lower relevance of IL-6, while IL-
8 was shown to be a reliable maker of its mild forms [46], does not
fit with an acute COVID-19 infection, even asymptomatic or
masked by the treatments. Of potential relevance, IL-8, IL-6 and IL-
1 were shown to reflect HERV-W expression in endothelial cells
[17, 471.

However, limitations of the present study must be acknowl-
edged: (i) the temporal sequence of HERV-W ENV, pro-
inflammatory cytokines and SARS-CoV-2 interplay should be
studied from a longitudinal study, (ii) the absence of information
concerning a previous HERV-W ENV status and the potentially pre-
existing inflammatory profile that characterizes subgroups of
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patients with psychosis, (iii) a non-recorded or silent COVID-19
infection just before hospitalization of patients in the psychiatric
department and (iv) the present findings exclusively result from
peripheral blood evaluation and, as far as possible and feasible,
such a study could be improved by more direct analyses of neuro-
inflammation including CSF and/or brain imaging analyses.

Whatsoever, a major translational perspective arises from this
study by measuring the presently HERV-associated panel of
biomarkers in post-COVID-19 patients with NP disorders, which
could be translated into concrete medical diagnostic and then
into therapeutic indications.

In conclusion, further characterization with the present vari-
ables, SARS-CoV-2 serology, HERV-W ENV and serum cytokines
quantification may altogether allow a useful identification of
consistent clusters, like in the present study, for optimizing a
precision medicine strategy addressing a heterogeneous popula-
tion of patients and, particularly, those with post-COVID-19 NP
symptoms.

REFERENCES

1. Del Rio C, Malani PN. COVID-19 in 2022-the beginning of the end or the end of
the beginning? JAMA. 2022;327:2389-90.

2. Boldrini M, Canoll PD, Klein RS. How COVID-19 affects the brain. JAMA Psychiatry.
2021;78:682-3.

3. Rogers JP, Chesney E, Oliver D, Pollak TA, McGuire P, Fusar-Poli P, et al. Psychiatric
and neuropsychiatric presentations associated with severe coronavirus infec-
tions: a systematic review and meta-analysis with comparison to the COVID-19
pandemic. Lancet Psychiatry. 2020;7:611-27.

4. Woo MS, Malsy J, Pottgen J, Seddiq Zai S, Ufer F, Hadjilaou A, et al. Frequent
neurocognitive deficits after recovery from mild COVID-19. Brain Commun.
2020;2:fcaa205.

5. Taquet M, Dercon Q, Luciano S, Geddes JR, Husain M, Harrison PJ. Incidence, co-
occurrence, and evolution of long-COVID features: a 6-month retrospective
cohort study of 273,618 survivors of COVID-19. PLoS Med. 2021;18:21003773.

6. Nalbandian A, Sehgal K, Gupta A, Madhavan MV, McGroder C, Stevens JS, et al.
Post-acute COVID-19 syndrome. Nat Med. 2021,;27:601-15.

7. Venkatesan P. NICE guideline on long COVID. Lancet Respir Med. 2021;9:129.

8. Nakamura ZM, Nash RP, Laughon SL, Rosenstein DL. Neuropsychiatric compli-
cations of COVID-19. Curr Psychiatry Rep. 2021;23:25.

9. Premraj L, Kannapadi NV, Briggs J, Seal SM, Battaglini D, Fanning J, et al. Mid and
long-term neurological and neuropsychiatric manifestations of post-COVID-19
syndrome: A meta-analysis. J Neurol Sci. 2022;434:120162.

10. Charvet B, Brunel J, Pierquin J, lampietro M, Decimo D, Queruel N, et al. SARS-
CoV-2 awakens ancient retroviral genes and the expression of proinflammatory
HERV-W envelope protein in COVID-19 patients. iScience. 2023;26:106604.

11. Balestrieri E, Minutolo A, Petrone V, Fanelli M, lannetta M, Malagnino V, et al.
Evidence of the pathogenic HERV-W envelope expression in T lymphocytes in
association with the respiratory outcome of COVID-19 patients. EBioMedicine.
2021;66:103341.

12. Johansson EM, Bouchet D, Tamouza R, Ellul P, Morr A, Avignone E, et al. Human
endogenous retroviral protein triggers deficit in glutamate synapse maturation
and behaviors associated with psychosis. Sci Adv. 2020;6:eabc0708.

13. Kremer D, Gruchot J, Weyers V, Oldemeier L, Gottle P, Healy L, et al. pHERV-W
envelope protein fuels microglial cell-dependent damage of myelinated axons in
multiple sclerosis. Proc Natl Acad Sci USA. 2019;116:15216-25.

14. Kury P, Nath A, Creange A, Dolei A, Marche P, Gold J, et al. Human endogenous
retroviruses in neurological diseases. Trends Mol Med. 2018;24:379-94.

15. Charvet B, Reynaud JM, Gourru-Lesimple G, Perron H, Marche PN, Horvat B.
Induction of proinflammatory multiple sclerosis-associated retrovirus envelope
protein by human herpesvirus-6A and CD46 receptor engagement. Front
Immunol. 2018;9:2803.

16. Mameli G, Poddighe L, Mei A, Uleri E, Sotgiu S, Serra C, et al. Expression and
activation by Epstein Barr virus of human endogenous retroviruses-W in blood
cells and astrocytes: inference for multiple sclerosis. PLoS One. 2012;7:e44991.

17. Rolland A, Jouvin-Marche E, Viret C, Faure M, Perron H, Marche PN. The envelope
protein of a human endogenous retrovirus-W family activates innate immunity
through CD14/TLR4 and promotes Thi-like responses. J Immunol.
2006;176:7636-44.

18. Madeira A, Burgelin |, Perron H, Curtin F, Lang AB, Faucard R. MSRV envelope
protein is a potent, endogenous and pathogenic agonist of human toll-like
receptor 4: relevance of GNbAC1 in multiple sclerosis treatment. J Neuroimmu-
nol. 2016;291:29-38.

SPRINGER NATURE

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

. Kremer D, Schichel T, Forster M, Tzekova N, Bernard C, van der Valk P, et al.

Human endogenous retrovirus type W envelope protein inhibits oligodendroglial
precursor cell differentiation. Ann Neurol. 2013;74:721-32.

Perron H, Mekaoui L, Bernard C, Veas F, Stefas I, Leboyer M. Endogenous retro-
virus type W GAG and envelope protein antigenemia in serum of schizophrenic
patients. Biol Psychiatry. 2008;64:1019-23.

Perron H, Hamdani N, Faucard R, Lajnef M, Jamain S, Daban-Huard C, et al.
Molecular characteristics of Human Endogenous Retrovirus type-W in schizo-
phrenia and bipolar disorder. Transl Psychiatry. 2012;2:e201.

Tamouza R, Meyer U, Foiselle M, Richard JR, Lu CL, Boukouaci W, et al. Identifi-
cation of inflammatory subgroups of schizophrenia and bipolar disorder patients
with HERV-W ENV antigenemia by unsupervised cluster analysis. Transl Psy-
chiatry. 2021;11:377.

Leucht S, Kane JM, Kissling W, Hamann J, Etschel E, Engel R. Clinical implications
of Brief Psychiatric Rating Scale scores. Br J Psychiatry. 2005;187:366-71.
Charvet B, Pierquin J, Brunel J, Gorter R, Quetard C, Horvat B, et al. Human endo-
genous retrovirus type W envelope from multiple sclerosis demyelinating lesions
shows unique solubility and antigenic characteristics. Virol Sin. 2021;36:1006-26.
Limphaibool N, lwanowski P, Holstad MJV, Kobylarek D, Kozubski W. Infectious
Etiologies of Parkinsonism: Pathomechanisms and Clinical Implications. Front
Neurol. 2019;10:652.

Leslie A, Hoffman LA, Joel A, Vilensky JA. Encephalitis lethargica: 100 years after
the epidemic. Brain. 2017;140:2246-2251.

Sarkanen TO, Alakuijala APE, Dauvilliers YA, Partinen MM. Incidence of narcolepsy
after HIN1 influenza and vaccinations: Systematic review and meta-analysis.
Sleep Med Rev. 2018;38:177-186.

Vai B, Mazza MG, Marisa CD, Beezhold J, Karkkdinen H, Saunders J, et al. Joint
European policy on the COVID-19 risks for people with mental disorders: An
umbrella review and evidence- and consensus-based recommendations for
mental and public health. Eur Psychiatry. 2022;65:e47.

Almadhi MA, Abdulrahman A, Sharaf SA, AlSaad D, Stevenson NJ, Atkin SL, et al.
The high prevalence of asymptomatic SARS-CoV-2 infection reveals the silent
spread of COVID-19. Int J Infect Dis. 2021;105:656-61.

Phetsouphanh C, Darley DR, Wilson DB, Howe A, Munier CML, Patel SK, et al.
Immunological dysfunction persists for 8 months following initial mild-to-
moderate SARS-CoV-2 infection. Nat Immunol. 2022;23:210-6.

Global Burden of Disease Long COVID Collaborators, Wulf Hanson S, Abbafati C,
Aerts JG, Al-Aly Z, Ashbaugh C, et al. Estimated global proportions of individuals
with persistent fatigue, cognitive, and respiratory symptom clusters following
symptomatic COVID-19 in 2020 and 2021. JAMA. 2022;328:1604-15.

Ali ST, Kang AK, Patel TR, Clark JR, Perez-Giraldo GS, Orban ZS, et al. Evolution of
neurologic symptoms in non-hospitalized COVID-19 “long haulers”. Ann Clin
Trans| Neurol. 2022;9:950-61.

Giménez-Orenga K, Pierquin J, Brunel J, Charvet B, Martin-Martinez E, Perron H, et al.
HERV-W ENV antigenemia and correlation of increased anti-SARS-CoV-2 immu-
noglobulin levels with post-COVID-19 symptoms. Front Immunol. 2022;13:1020064.
Fico G, Isayeva U, De Prisco M, Oliva V, Sole B, Montejo L, et al. Psychotropic drug
repurposing for COVID-19: a systematic review and meta-analysis. Eur Neu-
ropsychopharmacol. 2023;66:30-44.

Piccini LE, Castilla V, Damonte EB. Inhibition of dengue virus infection by tri-
fluoperazine. Arch Virol. 2022;167:2203-12.

Nadubinszky G, Szekacs B, Rihmer Z. [Influence of psychiatric diseases and psy-
chiatric medication to the severity of clinical outcome of COVID-19]. Psychiatr
Hung. 2022;37:5-12.

Golden SR, Rosenstein DL, Belhorn T, Blatt J. Repurposing psychotropic agents for
viral disorders: beyond COVID. Assay Drug Dev Technol. 2021;19:373-85.

Fred SM, Kuivanen S, Ugurlu H, Casarotto PC, Levanov L, Saksela K, et al. Anti-
depressant and antipsychotic drugs reduce viral infection by SARS-CoV-2 and
fluoxetine shows antiviral activity against the novel variants in vitro. Front Pharm.
2021;12:755600.

Fond G, Llorca PM, Lancon C, Auquier P, Boyer L. [Mortality in schizophrenia:
towards a new health scandal? COVID-19 and schizophrenial. Ann Med Psychol
(Paris). 2021;179:353-63.

Leboyer M, Tamouza R, Charron D, Faucard R, Perron H. Human endogenous
retrovirus type W (HERV-W) in schizophrenia: a new avenue of research at the
gene-environment interface. World J Biol Psychiatry. 2013;14:80-90.

Ruprecht K, Obojes K, Wengel V, Gronen F, Kim KS, Perron H, et al. Regulation of
human endogenous retrovirus W protein expression by herpes simplex virus type
1: implications for multiple sclerosis. J Neurovirol. 2006;12:65-71.

Frank O, Jones-Brando L, Leib-Mosch C, Yolken R, Seifarth W. Altered transcrip-
tional activity of human endogenous retroviruses in neuroepithelial cells after
infection with Toxoplasma gondii. J Infect Dis. 2006;194:1447-9.

Bjornevik K, Cortese M, Healy BC, Kuhle J, Mina MJ, Leng Y, et al. Longitudinal
analysis reveals high prevalence of Epstein-Barr virus associated with multiple
sclerosis. Science. Science. 2022;375:296-301.

Translational Psychiatry (2023)13:272



44. Levine KS, Leonard HL, Blauwendraat C, Iwaki H, Johnson N, Bandres-Ciga S, et al.
Virus exposure and neurodegenerative disease risk across national biobanks.
Neuron. 2023;111:1086-1093.e2.

45. Coelho R, Viola TW, Walss-Bass C, Brietzke E, Grassi-Oliveira R. Childhood mal-
treatment and inflammatory markers: a systematic review. Acta Psychiatr Scand.
2014;129:180-92.

46. Li L, Li J, Gao M, Fan H, Wang Y, Xu X. Interleukin-8 as a Biomarker for Disease
Prognosis of Coronavirus Disease-2019 Patients. Front Immunol. 2021;11:602395.

47. Duperray A, Barbe D, Raguenez G, Weksler BB, Romero IA, Couraud PO, et al.
Inflammatory response of endothelial cells to a human endogenous retrovirus
associated with multiple sclerosis is mediated by TLR4. Int Immunol.
2015;27:545-53.

ACKNOWLEDGEMENTS

All the authors would like to acknowledge funding by agence nationale de la
recherche |-GIVE ANR-13-SAMA-0004-01), Network of European funding for
Neuroscience (ERA-NET NEURON) Grant (ANR-18-0008-01). We also thank Institut
National de la Santé et de la Recherche Médicale (INSERM), Fondation FondaMental
and the LVMH group for their financial support.

AUTHOR CONTRIBUTIONS

RT: primary responsibility and conceptualization of the study, manuscript
redaction and review. UM: statistical methodology and analyses, management
interpretation of analyses and manuscript review. BC and AL: tests methodology,
management interpretation of analyses and manuscript review. JRR: management
of the database, follow-up pf patient inclusion and review of the manuscript. IN,
AP and ND: patient evaluation and inclusion, sample collection and review of the
manuscript. WB: collection of biomaterials, and review of the manuscript. JP and
JB: serological and antigenemia analyses; graphs, figures drawing and manuscript
review. SF and CR: recruitment of caregiver and review of the manuscript. CB and
PLC: recruitment of caregiver, biobanking and review of the manuscript. LDP and
KEA: discussion of the findings and of the manuscript. HP: conceptualization,
supervision, formal analysis, investigation, data curation, writing and manuscript
review. ML: conceptualization of the study, patients’ evaluation and sample
collection, manuscript editing and review. All authors contributed to the article
and approved the submitted version.

Translational Psychiatry (2023)13:272

R. Tamouza et al.

COMPETING INTERESTS
HP receives compensation for his work from GeNeuro-Innovation, France. All other
co-authors have no conflict of interest to declare.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541398-023-02575-3.

Correspondence and requests for materials should be addressed to Ryad Tamouza.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

5Y Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

SPRINGER NATURE


https://doi.org/10.1038/s41398-023-02575-3
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Patients with psychosis spectrum disorders hospitalized during the COVID-19 pandemic unravel overlooked SARS-CoV-2 past infection clustering with HERV-W ENV expression and chronic inflammation
	Introduction
	Materials and methods
	Study cohorts
	Quantification of circulating levels of pro-inflammatory cytokines
	SARS-CoV-2 serology
	HERV-W ENV detection and quantification
	Statistical analyses

	Results
	Discussion
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION


