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Abstract: Poxvirus infections, particularly those caused by the monkeypox virus, have
emerged as significant public health threats. Ocular manifestations constitute a severe
potential clinical complication associated with these infections, potentially resulting in
permanent visual impairment in afflicted patients. This review aimed to examine the clinical
spectrum of ocular manifestations associated with mpox and other poxvirus infections and
to evaluate current management strategies alongside emerging therapeutic interventions
and prevention strategies. A comprehensive literature search was performed across major
databases to identify studies reporting ocular involvement in poxviral infections. Ocular
involvement in poxviral infections ranges from mild conjunctivitis and eyelid lesions to
severe keratitis with potential vision loss. Mpox-related ocular manifestations are more
prevalent in unvaccinated and immunocompromised individuals. Although early antiviral
intervention and supportive care are critical, clinical outcomes vary considerably across
viral clades. Emerging evidence indicates that tecovirimat may reduce lesion severity,
although its impact on accelerating recovery remains limited. Moreover, vaccine strategies,
particularly the MVA-BN (JYNNEOS) vaccine, appear to decrease ocular complications,
despite regional disparities in access and implementation. Ocular complications pose a
significant clinical challenge in mpox and related poxviral infections. This review highlights
the need for early diagnosis and integrated treatment approaches that combine antiviral
therapy, supportive care, and targeted vaccination. Further research is essential to refine
treatment protocols and assess the long-term outcomes in diverse patient populations.

Keywords: mpox; ocular manifestations; poxvirus infections; smallpox vaccine; public
health emergency

1. Introduction

Within the family Poxviridae, four genera are of significant importance in human
pathology: Orthopoxvirus, Parapoxvirus, Yatapoxvirus, and Molluscipoxvirus [1]. The Or-
thopoxvirus genus includes the variola virus, which was eradicated in 1980; the vaccinia
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virus, also part of this genus, plays a crucial role in the production of the smallpox vaccine;
and the monkeypox virus (MPXV), a zoonotic virus that causes symptoms similar to those
of smallpox, although typically less severe [2,3].

Mpox was previously endemic in parts of Central and Western Africa [4,5]. Nev-
ertheless, it has recently garnered substantial attention because of two unprecedented
outbreaks [6-8]. The 2022 outbreak primarily spread through Western and European na-
tions, although the Americas also recorded cases. The World Health Organization (WHO)
issued a public health emergency of international concern (PHEIC) declaration in July
2022 because of this outbreak [5-7]. More recently, a new wave of mpox cases appeared in
2023-2024, primarily affecting African countries. The African Centers for Disease Control
and Prevention (CDC) announced mpox as a regional public health emergency, and the
WHO issued a second PHEIC declaration in August 2024 [8,9].

Human MPXYV infections manifest as a spectrum of ocular complications, necessitating
an increased clinical awareness among practitioners, particularly ophthalmologists. The
virus may gain ocular access through either autoinoculation or systemic viremia [10,11].
This can cause mild-to-severe eye issues. The common complications include conjunctivitis,
blepharitis, and eyelid swelling. Some patients developed keratitis, corneal ulcers, or eyelid
lesions. The prevalence of mpox in specific areas leads to eyelid swelling and conjunctivitis,
affecting 30% of the unvaccinated infected individuals. The most severe complications
from MPXYV infection result in corneal scarring and vision loss [7,10]. The 2022 and 2024
mpox outbreaks differ from previous mpox outbreaks that have occurred in endemic
regions. The observed differences in MPXV type or transmission patterns could explain
these new patterns of infection. The occurrence of ocular complications due to MPXV
infection remains less severe in regions where the virus is not endemic [7].

This review focuses specifically on the ocular manifestations of MPXV infection and
provides ophthalmologists and other clinicians with critical insights into its clinical presen-
tations, diagnostic approaches, and management strategies. We examine the spectrum of
ocular involvement in mpox, compare it with the ocular manifestations of other poxvirus in-
fections, and discuss emerging therapeutic and preventive approaches relevant to eye-care
professionals. By concentrating on this understudied aspect of mpox, we aim to address a
significant knowledge gap in the literature and provide practical guidance for clinicians in
managing the potential ocular complications of this emerging infectious disease.

2. MPXV Variants and Transmission

MPXV is transmitted through direct contact with cutaneous lesions, respiratory
droplets, bodily fluids, and contaminated fomites, via potential zoonotic and human-
to-human transmission routes [12]. During the 2022 global mpox outbreak, contact with
skin lesions was identified as the dominant route of transmission [12,13]. The virus subse-
quently proliferates in the lymphatic system, undergoing two phases of viremia: the first
phase is typically asymptomatic, while the second phase results in viral dissemination to
peripheral tissues, particularly the skin and mucous membranes [14]. Figure 1 illustrates
the life cycle of the MPXYV, from cellular entry to egress, highlighting the key antiviral
targets at each stage. Both extracellular enveloped virions and intracellular mature virions
(IMVs) use glycosaminoglycans as receptors to enter cells via fusion or endocytosis. IMVs
are subsequently transported to the perinuclear replication sites, where viral genome repli-
cation occurs. Following replication, IMVs are enveloped by the Golgi membrane, forming
intracellular enveloped virions, which are transported to the cell surface [15].
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Figure 1. MPXV replication cycle and antiviral targets. This diagram shows the MPXV life cycle from
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entry to excretion. EEVs and IMVs enter cells via fusion or endocytosis, using glycosaminoglycans
as receptors. IMVs are transported to perinuclear replication sites, where their genomes replicate.
IMVs are then enveloped by Golgi membranes to form IEVs, which are transported to the cell surface.
Key antiviral drugs targeting each stage are indicated. Abbreviations: EEVs, extracellular enveloped
virions; IMVs, intracellular mature virions; IEVs, intracellular enveloped virions; IV, immature virion.
(Adapted from Ref. [15] under the terms of the Creative Commons Attribution License (CC BY)).

MPXYV has two main clades, clade I (formerly the Congo Basin clade) and clade II
(formerly the West African clade). Clade I includes subclades la and Ib, whereas clade II
contains subclades Ila and IIb [16,17].

The endemic clade Ia MPXYV strain continues to exist in West and Central Africa, where
it accounted for nearly all the reported cases before the global clade IIb outbreak began in
2022 [18]. MPXV was first identified in humans in the Democratic Republic of the Congo
(DRC) in 1970, and researchers have established its primary zoonotic transmission route
from rodents to human hosts [19,20]. The clinical course of this clade produces severe
disease manifestations, along with a death rate of up to 10%, primarily affecting children
younger than 10 years [21,22].

The newly discovered clade Ib MPXV variant appeared in September 2023 among
sex workers in Kamituga DRC [23]. The clade Ib MPXV strain has spread to neighboring
countries, including Kenya, Rwanda, Uganda, and Burundi since August 2024. The CDC
has recorded over 15,000 mpox cases and 400 deaths in this region in 2024 before the
declaration [8,18]. In response to this escalating situation, the WHO issued a second
PHEIC declaration on 14 August 2024 [8]. Alarmingly, clade Ib was detected outside
Africa in Sweden and Thailand in late August 2024, raising concerns about its potential
global spread [24-26]. However, the epidemiological patterns of clade Ib remain unclear.
It primarily spreads through close contact among heterosexual sex workers. However,
young children can also acquire the infection through close contact with infected household
members [27].

Clade II MPXV infection is associated with a lower mortality rate but enhanced
transmissibility [16,21]. Clade Ila MPXV, endemic to West Africa since its identification in
Nigeria in 1971, primarily maintains a zoonotic transmission pattern [19,28]. However, it
has occasionally been reported outside Africa [29,30]. While zoonotic transmission remains
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predominant, human-to-human transmission of clade Illa MPXV has been documented in
Nigeria and the United Kingdom [31,32].

The pandemic caused by clade IIb MPXV continued to spread across the world during
2022-2023 [33]. Clade IIb MPXV was first detected in Nigeria in 2017 before scientists iden-
tified it as clade IIb lineage A, which showed human-to-human transmission, including
sexual transmission [34,35]. A new variant, clade IIb lineage B.1, initiated a worldwide pan-
demic during 2022-2023 after its first detection in early May 2022 in the United Kingdom,
Spain, and other European nations [34,36,37]. The clade showed exceptional human-to-
human transmission capabilities, primarily affecting men who have sex with other men
through intimate physical contact and sexual networks, resulting in the mpox’s first PHEIC
declaration in July 2022 [33]. The combination of public health interventions, behavioral
changes, and vaccination campaigns resulted in decreased mpox case numbers, leading to
the WHO lifting the PHEIC status in May 2023 [38].

3. Systemic Manifestations of Mpox

Understanding the systemic symptoms of mpox is crucial for the differential diagnosis
of mpox-related ocular complications, as the latter are often part of the overall disease
progression. Mpox typically has an incubation period of up to 21 days, with most patients
developing symptoms within 7 to 14 days after exposure [38,39]. The disease generally
begins with nonspecific systemic symptoms including fever, headache, myalgia, backache,
and fatigue [39,40]. Another distinguishing feature of mpox is lymphadenopathy, which
often occurs early during the course [41]. The characteristic rash typically appears 1-5 days
after fever onset and progresses from macules to papules, vesicles, pustules, and finally
to crusted scabs. The lesions are usually deep-seated, firm, and 2-10 mm in size, typically
lasting 2—4 weeks [2,41]. Severe complications have been noted in immunocompromised
patients, particularly those with untreated human immunodeficiency virus (HIV)/acquired
immunodeficiency syndrome [5,42,43].

The clinical presentations vary significantly according to the viral clade. Clade Ia is
associated with more severe disease and higher case fatality rates (up to 25.6%, primarily
in unvaccinated children), with rashes often following centrifugal distribution [44]. Clade
Ib appears to disproportionately affect children and young adults at high risk of genital le-
sions [20,22]. Clade Ila is generally milder than clade I, with lower case fatality rates [28,29].
Clade IIb, which is responsible for the 2022 global outbreak, often presents with localized
rashes, predominantly in the perianal or genital regions, with initial lesions commonly
occurring at sites of oral or anogenital exposure [7,37].

4. Ocular Complication in Poxvirus Infections with Focus on Mpox
4.1. Ocular Complications in Poxvirus Infections

Prior clinical experience in managing ocular complications of other poxvirus infections
can provide valuable insights into understanding and addressing mpox-related ophthalmic
manifestations. Poxvirus infections, such as variola virus infection (smallpox), cowpox
virus infection, and vaccinia virus infection, have been associated with ocular complications.
These infections result in diverse ocular complications ranging from mild to severe condi-
tions that threaten vision. The infection affects different parts of the eye, starting from the
eyelids, extending to the conjunctiva and cornea, and reaching the posterior segment [45].

The medical literature shows that variola virus infection frequently results in vari-
ous eye complications. The periorbital area exhibits distinctive rashes with swelling and
excess moisture. The development of pustules on the conjunctiva leads to painful symp-
toms, alongside photophobia and excessive tearing. Smallpox-related corneal ulceration
is one of the most severe ocular complications and can result in perforation, iris prolapse,
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and hypopyon formation. Posterior segment involvement in smallpox is associated with
chorioretinitis, retinitis, and optic neuritis [45-47].

Infection with the cowpox virus leads to various eye complications, including swollen
eyelids, ulcerations, conjunctivitis, and superficial keratitis. In rare cases, persistent corneal
infections can cause corneal melting, requiring corneal transplantation [45,48].

4.2. Clinical Features of Mpox-Related Eye Disease
4.2.1. Overview of Ocular Manifestations

Before the first PHEIC declaration for mpox in 2022, the estimated rate of ocular
complications from mpox affected 4-5% of patients in Africa [49]. A 2023 meta-analysis
conducted during the first PHEIC of mpox [50] showed that the pooled prevalence of
ocular manifestations in reported cohorts of patients with mpox was 9% (95% confidence
interval (CI): 3-24). The specific ocular complications include photophobia (30.87%, 95%
CI: 28.13-33.67), conjunctivitis (13.89%, 95% CI: 6.92-22.67), keratitis/corneal ulceration
(3.33%, 95% CI: 1.99-4.95), and visual impairment (7.69%, 95% CI: 5.30-11.03). The presence
of ocular involvement in patients is mostly accompanied by systemic symptoms and
vesiculopustular lesions [7,11]. However, isolated ocular mpox without systemic symptoms
or skin lesions has been reported [50,51]. Unvaccinated and immunocompromised patients
develop more serious and frequent ocular complications [7].

4.2.2. Periocular Manifestations

The periocular area shows vesiculopustular rashes on the eyelids and periorbital
skin that match cutaneous lesions found elsewhere on the body (Figure 2A) [10,52]. A
retrospective study conducted before the 2022 global mpox outbreak showed that 25% of
hospitalized patients with mpox in Nigeria (clade IIa) developed periocular mpox rashes
between September 2017 and December 2018 [53].

Figure 2. Characteristic conjunctival and eyelid involvement of MPXV infection. (A) Multiple
conjunctival and periocular vesicular lesions induced by MPXV. (B) Ulcerative lesions on the palpebral
conjunctiva in a patient with confirmed MPXV infection. ((A) Adapted with permission from Ref. [54].
2022, Benatti et al.; (B) Adapted from Ref. [55]. 2022, De Sousa et al. under the terms of the Creative
Commons Attribution License (CC BY)).
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4.2.3. Anterior Segment Manifestations
Conjunctivitis

The predominant ocular manifestation associated with mpox is conjunctivitis, which
manifests as diverse clinical presentations, including follicular, serpiginous, ulcerative,
nodular, and pseudomembranous forms (Figure 2A,B) [7,11,38]. The exact mechanisms
underlying mpox-related conjunctivitis remain unclear. However, two possible mechanisms
have been suggested based on current observations: (1) self-transmission from adjacent
eyelid margin lesions and (2) development of both eyelid margin and conjunctival lesions
as part of the regional infection spread [56]. Some patients present with simultaneous
eyelid margin lesions and conjunctivitis, making it difficult to identify the exact cause [57].

The development and evolution of conjunctivitis during MPXV infection depend
directly on the immune system of the infected host. MPXV leads to the development of
conjunctivitis more easily in people with HIV infection or in children because their immune
systems are compromised. A study from the Congo (formerly Zaire) documented the death
of an unvaccinated 2.5-year-old child with mpox who developed generalized vesicles and
pustules, along with bilateral conjunctivitis and eyelid lesions [58]. The appearance of eye
symptoms indicated a worse course of systemic MPXV infection. Patients who developed
mpox-related conjunctivitis experienced more systemic symptoms compared with patients
without conjunctivitis [7,11].

Furthermore, the diagnosis of bacterial conjunctivitis remains essential even when
mpox shows typical systemic features because some suspected mpox-related conjunctivitis
cases result in bacterial conjunctivitis [59].

Keratitis

Keratitis, particularly ulcerative keratitis, can lead to corneal scarring and significant
visual impairment (Figure 3A,C,D) [60]. In the DRC monitoring from 1980 to 1988 [61],
4.3% (12 of 282) of patients with clade Ia mpox developed keratitis or corneal ulceration.
Dominguez Garcia et al. [62] documented an instance of persistent and severe mpox-
associated keratitis in Spain in 2024, specifically ulcerative keratitis in an immunocompe-
tent individual, which persisted despite the administration of both systemic and topical
interventions, including antiviral therapies and amniotic membrane transplantation. Ar-
cuate serpiginous centripetal epithelial keratitis appears to represent a distinctive form of
keratitis specifically associated with MPXV infection [62,63]. Additionally, among other
anterior segment manifestations, it has been reported that severe and persistent ulcerative
keratitis is accompanied by uveitis [63].

Scleritis

Medical reports document mpox-related scleritis occurring alongside conjunctivitis,
keratitis, or uveitis [7,38]. Nguyen et al. reported the case of a 53-year-old HIV-negative
man with chronic lymphocytic leukemia and persistent lymphopenia who developed
isolated ocular mpox without skin lesions or systemic prodromal symptoms in the USA
in 2022 [51]. The patient developed severe scleritis, keratitis, and uveitis in the right eye.
Despite negative results from extensive testing for infectious etiologies, metagenomic RNA
sequencing identified MPXV RNA in the aqueous humor, and polymerase chain reaction
(PCR) confirmed the presence of the virus in the cornea and sclera.
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Figure 3. Intraocular manifestations of MPXV infection. (A) Epithelial keratitis with fluorescein stain-
ing highlighting corneal involvement. (B) Anterior uveitis with granulomatous keratic precipitates
(arrow). (C) Keratitis with significant corneal edema and hypopyon. (D) Diffuse ocular hyperemia
with keratitis and corneal opacities. (Adapted with permission from Ref. [64], 2024, Finamor et al.).

4.2.4. Intraocular Manifestations
Uveitis

Uveitis linked to MPXV infection presents predominantly as anterior uveitis
(Figure 3B) [50,64]. Carvalho et al. reported a 28-year-old Brazilian male homosexual
with mpox who presented with anterior uveitis and conjunctival vesicles [65]. The patient
experienced a painless reduction in visual acuity in the right eye, with a visual acuity of
20/30. Examination revealed small keratic precipitates, +1 anterior chamber cells, and
discrete cells in the anterior vitreous region. The patient was treated with topical eye
corticosteroids and achieved visual acuity of 20/20 in both eyes within 10 days of treat-
ment. The extended use of cidofovir for mpox treatment leads to drug-induced uveitis and
ocular hypotony, requiring clinicians to carefully consider cidofovir prescription for mpox
treatment [50].

4.2.5. Severe Complications

In extreme cases, immunocompromised patients infected with both MPXV and ac-
quired immunodeficiency syndrome experience devastating panfacial gangrene with ocular
rupture, leading to fatal outcomes due to systemic complications [66].

4.3. Clade-Specific Ocular Manifestations

MPXV clades (Ia, Ib, IIa, and IIb) exhibit notable differences in ocular manifestations,
particularly in the prevalence and severity of conjunctivitis and keratitis. Table 1 presents
the ocular manifestations observed across distinct clades in the mpox cohort. The ocular
involvement rate is higher in infections caused by clade I. Currently, available statistical
data on clades Ib and Ila ocular involvement remain insufficient.
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Table 1. Comparison of ocular manifestations across distinct clades of mpox clades.

Clade Region/Study Year Ocular Involvement Rate Populat%or.l
Characteristics
Democratic Republic of the
Ia Congo (Hughes et al., 2010-2013 23.1% conjunctivitis General population
2014) [67]
Democratic Republic of the 4.3% (12/282) keratitis or .
Ta Congo (Jezek et al., 1987) [61] 1980-1985 corneal ulceration General population
Ib Spain (Catala et al., 2022) [13] 2022 11% 2/ llei?g)rlf:rlorb“al Predominantly MSM
1.0% (9/880)
IIb Spain (Pazos et al., 2023) [68] 2023 Conjunctivitis, 8.0% Predominantly MSM
! (7/880) blepharitis, 0.6%
(5/880) eyelid lesions
IIb UK (Patel et al., 2022) [69] 2022 10 / ’ (2/.1?7.) Predominantly MSM
conjunctivitis
0.8% (2/264) ocular
involvement: 1 with
Ib France (Mailhe et al., 2023) [70] 2022 eyelid lesions; 1 with Predominantly MSM
keratitis, conjunctivitis
and blepharitis
b France (Doan et al., 2023) [71] 2023 0.3% (2/588) keratitis Predominantly MSM
6% (6/100) conjunctivitis,
b Mexico (Rodriguez-Badillo 2022 6% (6/100) eyelid lesions,  81.8% of ocular cases
etal., 2024) [72] 1% (1/100) episcleritis, 1%  were HIV-positive
(1/100) keratitis
Ib (A Nigeria (Ogoina et al., . o .\ 5% MSM, M:F ratio
lineage) 2023) [73] 2022-2023 6.3% (10/160) keratitis 114:46

Abbreviation: MSM: men who have sex with men. HIV: human immunodeficiency virus.

The global outbreak of clade IIb infections demonstrates significantly reduced
eye involvement compared with clade Ib infections, particularly in developed coun-
tries [13,68-71]. However, cohorts from developing countries still report relatively high
rates of ocular involvement with clade II infections [72,73].

Two notable examples of high ocular involvement rates in clade II outbreaks with
distinct characteristics have been reported in Mexico and Nigeria. In a Nigerian cohort [73],
only 5% of reported mpox patients self-identified as men who have sex with men, with
an overall male-to-female ratio of 114:46. Moreover, 6.3% of patients developed keratitis.
This demographic profile differed significantly from the first PHEIC induced by clade
IIb MPXYV in 2022-2023, which predominantly affected men who have sex with men and
featured a lower incidence of keratitis. This may be attributed to the fact that the outbreak
in Nigeria is linked to clade IIb lineage A rather than the clade IIb lineage B.1 observed
in other regions [18,34]. In another study involving a Mexican cohort [72], most patients
with mpox (9/11) and ocular involvement were HIV-positive. These findings suggest that
factors, such as HIV co-infection and regional variations in transmission patterns, may
influence the prevalence of ocular involvement in clade II MPXV infections.
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5. Advances and Challenges in the Diagnosis of Mpox-Related
Ocular Complications

Accurate diagnosis of mpox is the first line of defense against epidemic outbreaks and
severe complications, relying primarily on three elements: physical examination, contact
history, and laboratory testing [74]. The systemic manifestations and transmission routes of
mpox have been previously described. However, these clinical features are nonspecific and
may overlap with symptoms of other infectious diseases, necessitating laboratory testing
for confirmation. Nucleic acid amplification tests, particularly real-time PCR, are primarily
used. Owing to its high sensitivity and specificity, real-time PCR is considered the gold
standard for diagnosing MPXV infection [74,75]. PCR testing is conducted on samples
collected from skin lesions, blood, or mucosal sites [75,76]. Serological tests that detect IgM
and IgG antibodies can also aid in diagnosis, especially when nucleic acid testing is not
feasible. However, these tests may be limited by cross-reactivity and interference from prior
vaccination or exposure to other orthopoxviruses [75]. Virus isolation and whole-genome
sequencing can further confirm the diagnosis and provide epidemiological information,
but they are constrained by technical complexity and biosafety requirements [75,77].

The diagnosis of ocular mpox faces multiple obstacles, and the manifestations of
conjunctivitis, blepharitis, and subconjunctival nodules are easily confused with other
common ocular infections, such as herpes simplex viral conjunctivitis, necessitating labo-
ratory testing for differentiation [78]. It is important to note that systemic samples, such
as blood, are more prone to missed diagnoses due to low viral loads (Ct values > 36);
therefore, PCR technology for diagnosing ocular tissue samples (including conjunctival
swabs and meibomian gland secretions) remains the gold standard for diagnosing mpox-
related ocular complications and should be prioritized for mpox cases presenting with
ocular symptoms [7,74]. For patients presenting with conjunctival hyperemia, follicular
reactions, or vesicular signs, conjunctival samples should be prioritized for PCR testing.
It is noteworthy that the detection of viral DNA in ocular specimens not only confirms
infection but also suggests a potential risk of transmission. Meduri et al. have reported a
case of unilateral conjunctivitis with MPXV-positive conjunctival swabs in a 39-year-old
man who developed red eyes and itchiness five days after a positive mpox PCR swab from
cutaneous lesions on his chin and lip. A slit-lamp examination revealed a conjunctival
follicular reaction and small white vesicles in the nasal bulbar conjunctiva. Two separate
conjunctival PCR swabs were positive for mpox, indicating similar viral loads on the con-
junctiva and ocular secretions as the cutaneous lesions [79]. This suggests a potential risk
of MPXV transmission through ocular contact, necessitating strict adherence to biosafety
protocols during sampling and ophthalmological examinations.

6. Current and Emerging Therapeutic Strategies for Ocular
MPXYV Infection

6.1. Management of Systemic Mpox

The progression of mpox is generally self-limiting, and its management primarily
involves supportive care [56]. Adequate nutrition, supplementation, and hydration are
essential for preventing complications. Short-term systemic corticosteroid therapy (pred-
nisone 30-40 mg/day for three days, followed by 15-20 mg/day for three days) has demon-
strated efficacy in controlling mucositis, inflammation, and pain without exacerbating the
skin lesions [68]. For severe cases and immunocompromised patients, smallpox-specific
medications, including brincidofovir, cidofovir, and vaccinia immune globulin (VIG), are
required [79].

Antiviral therapy for mpox remains under investigation, with no established standard-
ized treatment protocol. Figure 1 illustrates the key antiviral agents that target each stage of
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the MPXV replication cycle. Tecovirimat is the most extensively studied antiviral agent that
inhibits viral particle formation by targeting the orthopoxvirus-specific p37 protein [80,81].
Regulatory approval has been obtained from multiple jurisdictions. The United States and
Canada have approved tecovirimat for smallpox treatment, while the European Union
and the United Kingdom have authorized its emergency use for smallpox, mpox, cowpox,
and complications from smallpox vaccination [82]. In January 2025, based on data from
15 clinical trials involving over 800 participants, Japan’s Pharmaceuticals and Medical
Devices Agency approved tecovirimat for adults and pediatric patients weighing more
than 13 kg.

Despite the promising results from early observational studies, the PALM007 and
STOMP randomized controlled trials yielded disappointing outcomes, demonstrating
that tecovirimat failed to accelerate lesion healing or reduce viral load [83]. Nevertheless,
tecovirimat maintains a favorable safety profile, with good tolerability. The most common
adverse effects include fatigue, headache, and nausea; severe adverse events are rare [83].

6.2. Ocular Treatment for Mpox

Medical professionals lack standardized treatment approaches for the management of
mpox-related ocular manifestations. The predominant management strategy consists of
providing supportive care and controlling symptoms [7]. Several therapeutic interventions
have been examined for the clinical management of mpox-related ocular manifestations.

Emerging evidence has demonstrated that tecovirimat exhibits therapeutic efficacy
against the ocular manifestations of cowpox virus infection while also demonstrating poten-
tial clinical utility in the management of mpox-associated ophthalmic complications [7,45].
During the first mpox PHEIC, in Spain [68], researchers treated five patients with severe
mpox eye symptoms, including corneal ulcers, stromal swelling, and conjunctivitis, using
tecovirimat. The patients experienced significant symptom relief within one week of treat-
ment initiation, with a median recovery time of 29 days (range 25-39 days). No adverse
effects were observed during the study period.

The medical community remains divided regarding the use of corticosteroid eye drops.
The preventive use of corticosteroid eye drops has been successful in stopping corneal
infections in patients with smallpox; however, researchers remain concerned about their
ability to slow viral elimination and worsen infection [84]. Research on patients with
cowpox has demonstrated that corneal damage occurred after viral elimination, possibly
because of corticosteroid medication [48]. A study on Vaccinia virus keratitis in animals
has demonstrated disease recurrence when researchers stopped using trifluridine and
prednisolone [85]. In clinical practice, administering topical corticosteroids to patients
before antiviral treatment may exacerbate the severity and persistence of their clinical
conditions. Dominguez Garcia et al. [62] have reported a case of mpox keratitis in a
54-year-old immunocompetent male patient who developed conjunctivitis in his left eye
15 days after being diagnosed with mpox mucocutaneous lesions. The patient subsequently
received treatment with 0.1% dexamethasone and 0.3% tobramycin eye drops for two weeks.
However, two weeks after discontinuing the medication, the patient developed peripheral
ulcerative keratitis and epithelial defects, with corneal cultures and PCR confirming mpox
keratitis. Despite receiving two courses of trifluridine, two courses of oral tecovirimat, and
intravenous cidofovir as antiviral treatments, keratitis persisted for over six months, and
the corneal PCR results remained positive. Ultimately, the patient underwent amniotic
membrane transplantation.

The treatment protocol includes the administration of 5% povidone-iodine for ocular
irrigation, which benefits from its antimicrobial spectrum [86]. The CDC recommends the
use of trifluridine eye drops as a potential treatment for MPXV ocular infections. However,



Vaccines 2025, 13, 546

11 of 16

trifluridine is associated with adverse ocular effects, including eye irritation, dry-eye
syndrome, and corneal damage [38]. Additionally, previous evidence on ocular vaccinia
infections suggests that the combined use of trifluridine and topical corticosteroids should
be avoided [38,84].

6.3. Vaccine Application for Mpox

The smallpox vaccines have been approved for prophylactic use against MPXV infec-
tion owing to their demonstrated cross-protective efficacy against orthopoxuviruses [41,85].
The authorized vaccines for mpox prevention include MVA-BN (JYNNEOS/Imvamune/
Imvanex), LC16-KMB, and ACAM2000 [85,87]. The highly attenuated MVA-BN vaccine
shows strong mpox prevention capabilities by providing 76% protection after a single
dose, which increases to 82% after two doses [87]. The vaccines JYNNEOS (MVA-BN) and
ACAM2000® are authorized for mpox prevention and can be used for both pre-exposure
prophylaxis and post-exposure prophylaxis. For post-exposure prophylaxis, the vaccine
should ideally be administered within four days of exposure to prevent disease onset [85].
Vaccines are considered safe for most people but require specific precautions for pregnant
individuals and those with compromised immune systems. ACAM2000 should not be
administered to patients with severe immunodeficiency or pregnant individuals because
it may cause harmful side effects [88]. JYNNEOS is a safer option for these populations
because it lacks replicating properties [89]. Breakthrough infections following vaccination
tend to result in less severe clinical symptoms. Historical data from smallpox vaccination
records show that approximately 1 in 40,000 vaccine recipients may develop ocular compli-
cations. Autoinoculation incidents occur frequently in preschool children and lead to most
complications stemming from smallpox vaccination [47,90,91].

Despite these encouraging findings, ongoing research remains imperative to refine
vaccination strategies, particularly for at-risk groups, and to evaluate the long-term effi-
cacy of these vaccines against mpox. Regarding ocular complications associated with the
vaccination, most smallpox vaccine-related ocular manifestations present as vesicular or
pustular lesions involving the eyelids and conjunctiva, with rare reported cases demon-
strating corneal involvement [91]. In immunocompetent individuals, these conditions are
predominantly self-limiting; however, severe cases may require therapeutic intervention.
The recommended treatment modalities include topical antiviral agents (trifluridine or
vidarabine), VIG, topical antibiotics, and topical corticosteroids [91]. However, it is impera-
tive to note that the administration of VIG is contraindicated in cases of isolated keratitis
induced by smallpox vaccination, because it may exacerbate corneal disease and increase
the risk of corneal scarring [85,92]. For vaccine-induced corneal lesions, combination
therapy employing antiviral medications and corticosteroids has demonstrated efficacy in
mitigating inflammatory responses and minimizing scar formation [91].

7. Future Directions in the Prevention and Management of Mpox
Ocular Manifestations

Future research directions for the management of mpox-related ocular manifestations
are expected to significantly benefit from advances in biomedical technology and inter-
disciplinary approaches. Advances in molecular techniques, such as the identification
of ocular-specific biomarkers and microRNA profiles, may enable earlier detection and
more precise intervention for ocular involvement [93]. Nanotechnology offers promising
avenues, with nanoparticles, such as silver and gold, demonstrating antiviral properties, as
well as the potential to enhance drug delivery and vaccine stability. Silver nanoparticles are
currently under investigation for their ability to reduce the infectivity of MPXV [93], and
their efficacy in inhibiting ocular infection-related microorganisms has been extensively
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validated, suggesting their potential utility in combating MPXV intraocular infections [94].
Incorporating a “One Health” approach will remain essential, as controlling zoonotic trans-
mission and early detection can prevent the spread of ocular and systemic manifestations
of mpox [95]. The ocular tropism of the newly identified MPXV clade Ib variant remains
unverified. However, given the established ocular pathogenicity of clade Ia and the rela-
tively underdeveloped healthcare infrastructure in endemic regions, this emerging lineage
warrants vigilant surveillance regarding its potential ocular manifestations. Multidisci-
plinary collaborations integrating molecular biology, nanotechnology, ophthalmology, and
public health will be the key to advancing effective prevention and treatment strategies for
mpox-related eye complications in the future.

8. Conclusions

The combination of viral evolution and host immune responses creates a vital medical
situation that affects the clinical management of MPXV-associated eye diseases. The ocular
complications from clade I strains that circulate endemically result in severe eye infections,
which primarily affect children; however, clade IIb strains that spread worldwide produce
milder eye symptoms yet have become more severe in resource-constrained areas. Early an-
tiviral treatment is essential for managing MPXV ocular tropism, which develops through
self-inoculation, hematogenous spread, and conjunctival receptor binding. However, it
shows limited clinical success despite its in vitro effectiveness. The use of corticosteroids
remains debatable because animal studies have shown that viral persistence occurs after
vaccination when keratitis returns. The MVA-BN vaccination strategy decreases eye com-
plications yet fails to reach all areas where the virus is endemic. The rapid spread of clade
Ib throughout Africa remains a concern because its effects on the eyes remain unknown.
Additional research should investigate how MPXV spreads through the eyes and identify
biomarkers specific to different clades because it represents an evolving animal-to-human
disease-transfer problem.
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