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Unusual clinical course

Anifrolumab, a monoclonal antibody targeting the type 1 interferon (IFN-I) signaling pathway, holds promise as
a therapeutic intervention for systemic lupus erythematosus (SLE). However, its use is associated with an in-
creased risk of infections, particularly viral infections like herpes zoster (HZ). Results from the clinical trials on
anifrolumab show yearly rates of upper respiratory tract infections of 34% and HZ of 6.1%. An increased fre-
quency of other specific viral infections, including herpes simplex virus (HSV), was not reported.

Here, we present 2 cases of patients with SLE treated with anifrolumab, both experiencing severe adverse re-
actions in the form of disseminated herpesvirus infections, specifically disseminated HSV-2 and varicella zos-
ter virus (VZV, HZ encephalitis). To the best of our knowledge, no previous reports of severe disseminated
HSV-2 or HZ have been published in anifrolumab-treated patients. The patient in case 1 experienced a primary
HSV-2 infection following anifrolumab treatment, potentially explaining the severity of the infection. The pa-
tient in case 2 had a history of previous HZ skin infections, which may have increased her risk of disseminated
infection. Both patients recovered from the infections with minor sequelae, but they still require prophylactic
antiviral treatment. These cases highlight the critical role of IFN-I immunity in protecting against herpesvirus
infections.

Thorough risk assessment before anifrolumab initiation, considering the patient’s viral infection history, vacci-
nation status, and potential exposure risks, is essential. Administration of recombinant zoster vaccine before
anifrolumab therapy may benefit susceptible individuals.

Anifrolumab ¢ Autoimmunity ¢ Drug-Related Side Effects and Adverse Reactions Interferon-alpha
Lupus Erythematosus, Systemic
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Introduction

The type | interferon (IFN-I) is a family of potent antiviral cy-
tokines comprising IFN-ot (12 subtypes), IFN-B, IFN-w, IFN-g,
and IFN-x, and plays a central role in the control of viral infec-
tions. IFN-I also represents a compelling therapeutic target in
systemic lupus erythematosus (SLE), which has garnered sig-
nificant research attention over the past decade [1,2]. Studies
have been conducted to explore the selective inhibition of
IFN-oc inhibition using sifalimumab and rontalizumab, as well
as the comprehensive suppression of the IFN-I signaling path-
way achieved with anifrolumab, targeting the IFN-0/p3 recep-
tor subunit 1 (IFNAR1) (Figure 1) [2-7].

In 2022, anifrolumab was approved by the European Medicines
Agency (EMA) for patients with SLE as an add-on therapy to
the standard of care in moderate-to-severe disease as its ex-
clusive indication [8]. Despite showing efficacy in the 3 exist-
ing randomized clinical trials on anifrolumab and SLE [9-11],
concerns over serious adverse effects arose due to the broad
inhibition of the IFN-I response, which is a critical part of the
human antiviral response [12]. Results from the clinical trials
and reports from the EMA on anifrolumab show undesirable
effects, with yearly rates of upper respiratory tract infections
of 34% and herpes zoster (HZ) infections of 6.1% [9-11,13]. The
long-term follow-up (feeder trial of TULIP-1 and TULIP-2 tri-
al), encompassing 4 years of treatment, reported similar rates
[10,11,13]. HZ infections were predominantly mild and resolved
without discontinuing anifrolumab therapy, even though cas-
es of disseminated HZ infection with multi-dermal and cen-
tral nervous system involvement have been reported to the
EMA [13]. An increased frequency of other specific viral infec-
tions, including herpes simplex virus (HSV), was not reported.

Here, we present 2 cases of severe disseminated herpesvirus

infections observed in patients with SLE undergoing treat-
ment with anifrolumab.

Case Reports

Case 1

The patient was a 32-year-old woman with SLE since the age
of 20 years. The diagnosis was established based on a con-
stellation of clinical and immunological manifestations. The
clinical features were fever, oral ulcers, serositis, arthritis, al-
opecia, skin rash, and antiphospholipid syndrome (APS). Her
blood samples showed lymphopenia and normocytic anemia
of chronic disease, with immunological and inflammatory man-
ifestations such as low complement C3, elevated C-reactive
protein, and the following positive autoantibodies: antinu-
clear antibody with a homogenous nuclear staining pattern,
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Figure 1. Mechanisms of action of type 1 interferon-linked
monoclonal antibodies. The type 1 interferon (IFN-I)
receptor (IFNAR) comprises the 2 subunits IFNAR1
and IFNAR2. Upon activation, intracellular receptor-
linked kinases initiate phosphorylation and coupling
of specific proteins, subsequently translocating to the
nucleus. Here, they activate the expression of INF-
stimulated genes, which mediate the antiviral effector
functions of IFN-I. Anifrolumab (underlined red) targets
IFNAR1, thereby preventing IFN-I (here illustrated with
IFN-o and IFN-B) from activating IFNAR. Sifalimumab
and rontalizumab selectively bind to IFN-q, allowing
the other cytokine members of the IFN-I family (such
as IFN-B) to still activate IFNAR.

Created with BioRender.com.

anti-double-stranded deoxyribonucleic acid (dsDNA) antibody,
anti-Sjogren syndrome-related antibody, and Coombs test. At
the age of 25 years, the diagnosis of APS was established based
on persistent positivity in the lupus anticoagulant test (sin-
gle anti-phospholipid antibody positivity) and the occurrence
of a deep vein thrombosis and pulmonary embolism within 6
months from the positive test results. Apart from that, no organ
damage had occurred. Other comorbidities included attention-
deficit/hyperactivity disorder (AD/HD). Regarding anticoagula-
tion therapy, she was initially treated with warfarin upon the
diagnosis of APS, but managing the therapeutic dose proved
challenging over the years. Consequently, after 7 years without
any recurrence of thrombosis, she was switched to rivaroxa-
ban. Beside her anticoagulant treatment and AD/HD treatment
with methylphenidate, her immunosuppressive treatment pri-
or to the present disease course included hydroxychloroquine
(HCQ); she had previously been treated with azathioprine and
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Figure 2. Computed tomography scan of the liver in Case 1. Herpes simplex virus 2 hepatitis with millimetric hypodensities
resembling multiple hepatic micro abscesses (arrows) is shown.

prednisolone. She had no history of severe herpesvirus infec-
tions. Medical records from the past 10 years showed several
negative vaginal swabs. Previous vaccinations included diph-
teria-tetanus-pertussis-polio-Haemophilus influenza type-pneu-
mococcal, measles, mumps, and rubella, human papilloma vi-
rus, and COVID-19 vaccines.

In 2023, she presented with a moderate SLE flare with ex-
treme fatigue, recurrent arthralgia, severe skin rash, persistent
mild cognitive impairment (memory and concentration diffi-
culties that was primarily attributed to the AD/HD diagnosis),
and reduced quality of life. No sign of serological activity was
seen, with normal C3 levels and persistent undetectable lev-
els of anti-dsDNA-antibodies, since 2014. She was prescribed
anifrolumab treatment (intravenous 300 mg/every 28 days)
as an add-on to HCQ. Six weeks after initiation of anifrolum-
ab treatment (after 2 infusions with no clinical response to
treatment yet), she was admitted to the hospital with fever,
lower abdominal pain, and severe headache. Laboratory in-
vestigations revealed elevated C-reactive protein level of 412
mg/L (reference interval (RI): <8 mg/L), alanine transaminase
of 591 U/L (RI: 10-45 U/L), lactate dehydrogenase of 865 U/L
(RI: 105-205U/L), and low-level pleocytosis from the cerebro-
spinal fluid (leucocytes count of 7x10°/L [RI: <4x10%/L] with no
concomitant red blood cells). A computed tomography scan of
the thorax, abdomen, and pelvis revealed signs of widespread
inflammation, with (1) bilateral pleural and pericardial effu-
sion, (2) peripancreatic fluid and adipose tissue reaction, (3)
ascites and periportal edema, (4) numerous hypodense chang-
es in the liver (suggestive of herpes hepatitis) (Figure 2), (5)
splenomegaly, and (6) reaction around the vagina and left
ovary. Several positive HSV-2 DNA polymerase chain reaction
(PCR) tests from the plasma and ascites confirmed the diag-
nosis of disseminated HSV-2 infection. Expositions preceding
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admission involved unprotected vaginal intercourse 3 weeks
before. A vaginal swab also found a positive PCR test of HSV-
2 DNA. Exacerbation of cognitive impairment, headache, pho-
tophobia, and low-level pleocytosis strongly suggested HSV-2
central nervous system involvement as well. However, HSV-2
analysis of the cerebrospinal fluid and cerebral magnetic res-
onance imaging did not confirm this, since the PCR tests from
the cerebrospinal fluid was negative, and the scan was normal.
The anti-HSV-2 immunoglobin-G (IgG) antibodies were positive
3 weeks after admission, but previous HSV-2-antibody mea-
surements were not available. Other infectious, autoimmune
(including SLE disease flair), and malignant differential diag-
noses were considered but ultimately excluded. Anti-dsDNA-
antibody levels remained undetectable. A whole genome se-
quencing found no evidence of inborn error of immunity, based
on an analysis of 572 associated genes, according to the most
recent guidelines [14]. The only other positive microbiologi-
cal finding was Ureaplasma parvum DNA from a vaginal swab.

The patient was treated with antibiotics, including merope-
nem and doxycycline, during hospitalization. After the sus-
picion of HSV-2 infection (later confirmed by PCP from blood
and vaginal material), the patient was treated with intrave-
nous acyclovir (30 mg/kg/day) for 3 weeks, followed by oral
valaciclovir 2 g/day for 2 weeks. Following the antiviral inter-
vention, clinical and laboratory improvements were observed.
No immunosuppressives aside from HCQ were administered
during the hospitalization. Following discharge, a month af-
ter discontinuation of antiviral therapy, the patient presented
with a recurrent HSV-2-positive skin lesion, prompting treat-
ment with valacyclovir followed by prophylactics (acyclovir 800
mg/day). As of today, almost 6 months after the HSV-2 dis-
ease, the patient has recovered but continues to require pro-
phylactic acyclovir treatment and treatment for post-herpetic
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neuralgia. Notably, there has been no sign of SLE disease ac-
tivity. The patient is currently maintained on HCQ, with no ad-
ditional immunosuppressive medications administered since
the last dose of anifrolumab.

Case 2

The patient was a 56-year-old woman with SLE and mixed
connective tissue disease features since the age of 25 years.
Clinical characteristics of the disease included malar rash,
photosensitivity, arthritis, oral ulcer, alopecia, puffy fingers,
and Raynaud’s disease. Immunological characteristics includ-
ed low complement C3 and C4, lymphopenia, and the follow-
ing positive autoantibodies: antinuclear antibody with nucle-
us speckled staining pattern, anti-dsDNA antibody, anti-Smith
antibody, and anti-U1 ribonucleoprotein antibody.

The patient had no comorbidities, signs of organ damage, or
history of central nervous system or renal involvement. Since
the diagnosis of SLE, the patient has been continuously on HCQ.
Treatments with azathioprine, methotrexate, and mycopheno-
late had proven inadequate to treat her severe skin manifes-
tations and persistent arthritis. The patient commenced beli-
mumab (anti-B lymphocyte stimulator monoclonal antibody)
in 2020, resulting in near remission of her disease, albeit with
ongoing skin manifestations.

In 2022, a significant flare involving the skin, joints, and alo-
pecia, coupled with the necessity for continuous prednisolone
doses exceeding 10 mg/day, prompted a transition to anifro-
lumab treatment (intravenous 300 mg/every 28 days) as an
adjunct to HCQ and prednisolone 5 mg/day. The patient re-
ported no initial adverse effects from the anifrolumab treat-
ment. Having been treated for single dermatome skin HZ twice
by her general practitioner years prior to the current presenta-
tion, she opted not to receive vaccination for HZ before com-
mencing anifrolumab therapy. The patient experienced sub-
stantial improvement in clinical symptoms, particularly the
resolution of skin manifestations and hand puffiness, which
had not previously achieved remission with other treatments.
Persistently, anti-dsDNA-antibody levels were in the range of
20-50 x 10% IE/L and C3 levels below 0.9 g/L.

One and a half years after anifrolumab initiation, she was ad-
mitted to the hospital due to fever, severe headache, mild cog-
nitive impairment, and a rash and neuropathic pain on the left
side of the thorax overlapping several dermatomes. Analysis
of the rash vesicles detected VZV DNA by PCR. A cerebrospi-
nal fluid analysis found 489 x 10° leucocytes/L (RI: <4x10%/L)
and positivity to VZV DNA. The patient received a diagnosis of
disseminated VZV, with suspected central nervous system in-
volvement. At the time of admission, her immunosuppressive
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treatment included HCQ 400 mg/day, prednisolone 10 mg/day,
and anifrolumab 300 mg/every 28 days (latest administration
4 weeks before admission). HCQ and prednisolone were con-
tinued during hospitalization, and intravenous antiviral treat-
ment with acyclovir (30 mg/kg/day) was given. The patient
subsequently experienced slow clinical improvement. No signs
of SLE activity were observed. No significant increase in anti-
dsDNA-antibody levels were observed during hospitalization.
After 2 weeks of intravenous antiviral treatment, the patient
was discharged and switched to oral treatment with valacy-
clovir 6 g/day for another week.

Presently, 1 month after discharge, the patient is in recov-
ery, although she continues to experience intermittent head-
aches, insomnia, and mild cognitive impairment. Her SLE dis-
ease remains in remission on HCQ and prednisolone 10 mg/
day. Anifrolumab has not been administered since the hos-
pitalization. The patient has not previously been vaccinated
against HZ, but a recombinant zoster vaccine (RZV) is sched-
uled before any potential further immunosuppression.

Discussion

In the past decades, significant progress has been made in un-
derstanding SLE disease and developing novel treatment strat-
egies to control disease activity and prevent organ damage.
Despite these advances, infections remain a prominent cause
of death in SLE [15]. Bacterial infections constitute a substan-
tial proportion, accounting for up to 75% of all reported infec-
tions in SLE [16]. Various opportunistic viral and mycobacteri-
al infections also contribute significantly to morbidity, and the
co-occurrence of infections with disease flares further compli-
cates the diagnosis and management of concurrent infections
in SLE [17]. Infections in SLE are influenced by various risk fac-
tors, including conventional elements such as advanced age and
concurrent comorbidities, alongside more specific characteris-
tics, such as recent onset of SLE (<5 years), early disease onset,
high disease activity, presence of organ damage, and use of
glucocorticoids and other immunosuppressive therapies [17].

Upper respiratory tract infections are the most prevalent type
of infections in SLE [18]. Among viral infections in general, HZ
stands out as one of the most prevalent [19]. In contrast to
other types of infections in SLE, two-thirds of HZ cases occur
after 5 years of disease duration, and 80% exhibit no or mild
disease activity [19]. HZ in SLE generally carries a favorable
prognosis, however, independent risk factors for an unfavor-
able outcome includes lymphopenia and immunosuppressive
drugs [19,20].

In this paper, we highlight 2 cases of patients with SLE who
were subjected to anifrolumab therapy and experienced severe
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adverse reactions manifested as disseminated herpesvirus in-
fections, specifically disseminated HSV-2 and VZV. Regarding
viral infections following anifrolumab treatment, HZ infection
is well known from previous clinical trials [9-11], and reports
of severe COVID-19 infections in 2 anifrolumab-treated SLE
patients has previously been published [21]. To the best of
our knowledge, no severe disseminated HZ infections or se-
vere HSV-2 infections have previously been reported in ani-
frolumab-treated patients. Rigorous clinical investigations, in-
cluding a comprehensive genetic immunodeficiency workup
involving whole-genome sequencing in case 1, failed to re-
veal any alternative explanations for the observed infections,
strongly implicating anifrolumab as a potential contributing
factor in both cases.

Typically, HSV-2 infections manifest with mild symptoms lo-
calized to the skin or mucosa, although disseminated infec-
tions are well-documented in immunocompromised individ-
uals, particularly in cases presumed to be primary infections
[22-24]. The status of a primary HSV-2 infection in case 1 re-
mains uncertain. Notably, she lacked prior history of HSV
symptoms and had a possible exposition to HSV-2 infection 3
weeks before admission.

A comprehensive review in 2020 indicates a pooled mean se-
roprevalence of HSV-2 antibodies among European women of
14% [25]. Considering the relatively low seroprevalence of an-
ti-HSV-2 antibodies, the practicality of incorporating a screen-
ing protocol for HSV-2 antibodies prior to commencing anifro-
lumab treatment appears to be of limited value. Nonetheless,
it stresses the importance of assessing the risks of poten-
tial exposition to HSV infections before treatment initiation.
Furthermore, exploring the screening of antibodies against oth-
er potentially detrimental viruses in scenarios involving pri-
mary infections could yield significant benefits. For example,
screening for HSV-1 IgG antibodies may be worthwhile, giv-
en its reported European mean seroprevalence of 67% [26].
Similarly, assessing IgG antibodies against cytomegalovirus,
with a seroprevalence of 70% in European women of repro-
ductive age, can offer valuable insights into the risk evalua-
tion before initiating anifrolumab therapy [27].

It is unknown whether the APS diagnosis in case 1 might have
influenced the anifrolumab treatment or susceptibility to infec-
tion. In previous trials on anifrolumab and SLE [9-11], APS was
not an exclusion criterion if anticoagulant therapy had been
stable for 3 months and there was no history of severe or cat-
astrophic APS. However, the number of patients with APS in-
cluded in these trials, or the results of stratified analysis based
on the APS diagnosis, have not been published.

Primary defects in the IFN-I system have been associated with
severe viral disease, including COVID-19, herpesvirus disease,
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and influenza [28,29]. Disseminated HSV infection as well as
disseminated VZV infection after living viral VZV vaccination
have previously been reported in children with complete defi-
ciency for either of the type I IFN receptor subunits IFNAR1 or
IFNAR2, and in indigenous people of Polynesia and Artic an-
cestry, where loss-of-function alleles of these genes are rela-
tively common [30,31]. Recently, a case of disseminated HSV-
2 primary infection was described in a patient harboring high
levels of anti-IFN-o autoantibodies, and many years ago, dis-
seminated varicella zoster disease was described in an elder-
ly and otherwise healthy woman with neutralizing anti-IFN
antibodies [32,33].

Notably, anti-IFNa autoantibodies have been observed in up
to 11% of individuals with SLE, correlating with viral infec-
tions and tuberculosis [34,35]. More recently, anti-IFNo anti-
bodies have been linked with reduced disease activity in SLE
[36]. Nevertheless, the clinical implications of these autoanti-
bodies remain uncertain. In fact, their presence was also re-
ported in approximately 10% of cases with severe COVID-19
and 5% in cases with severe influenza pneumonia [37,38].

Regarding VZV, the patient in case 2 was not vaccinated against
HZ. She had a history of previous HZ but no other HZ risk
factors except SLE disease and age > 50 years [39]. The RZV
(Shingrix) has recently been granted expanded indications to
immunocompromised adults aged >18 years by the Food and
Drug Administration [40]. So far, there are no clinical efficacy
data on RZV in patients with SLE, but it has been shown to be
safe and effective in the general population [41]. The effica-
cy of the RZV in preventing HZ likely correlates with a compa-
rable reduction in central nervous system manifestations (HZ
encephalitis), although this has not been studied so far [42].

The American College of Rheumatology 2022 guideline for vac-
cination in patients with rheumatic diseases recommends RZV
for all patients >18 years taking immunosuppressive medica-
tions [43]. The European League Against Rheumatism 2023
guideline for the management of SLE also recommends RZV
for all patients [44].

Conclusions

These case presentations highlight the occurrence of severe ad-
verse effects involving disseminated HSV-2 and VZV infections
after anifrolumab treatment in 2 patients with SLE. Together
with previous publications, it attests to the significant impor-
tance of IFN-I immunity in protection against herpesvirus in-
fections in humans. Meticulous and prompt diagnostic workup
for viral infection should be done in an affected anifrolumab-
treated patient to avoid or reduce potentially irreversible dam-
age. It emphasizes the need for continuous surveillance and
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comprehensive reporting of adverse events associated with
newly approved drugs. Furthermore, this necessitates a me-
ticulous risk assessment before initiating such treatments, ex-
plicitly focusing on the patient’s viral infection history, vaccina-
tion status, and potential exposure risks. A reasonable strategy
to mitigate the escalated risk of severe viral infections, espe-
cially in susceptible individuals, is therapeutic education and
patient awareness of viral risks and the proactive administra-
tion of RZV before initiating anifrolumab. Additionally, screen-
ing the antibody status of various viruses can provide valu-
able insights in select cases.
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