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Abstract

Background This case series of 5 patients with severely necrotic mpox highlights the predominantly necrotic nature
of lesions seen in cases of severe mpox as shown by skin and lung biopsy, as well as the extensive dissemination of
the infection, as shown by polymerase chain reaction (PCR) assessment in different body sites.

Case presentations Patients were male, the median age was 37, all lived with HIV (2 previously undiagnosed), the
median CD4* cell count was 106 cells/mm?, and 2/5 were not receiving antiretroviral treatment. The most common
complication was soft tissue infection. Skin and lung biopsies showed extensive areas of necrosis. Mpox PCR was
positive in various sites, including skin, urine, serum, and cerebrospinal fluid. The initiation of antiretroviral treatment,
worsened the disease, like that seen in immune reconstitution syndrome. Three patients died due to multiple organ
failure, presumably associated with mpox since coinfections and opportunistic pathogens were ruled out.

Conclusions Severely necrotic manifestations of mpox in people living with advanced and untreated HIV are related
to adverse outcomes.
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Background

Monkeypox virus is currently the most important cause
of Orthopoxvirus infection in humans [1]. Death appears
to be infrequent in immunocompetent hosts [2-5],
but there seems to be a correlation between the host’s
immunological status and the severity of the disease [4,
6-8]. The case-fatality rate of mpox reported in patients
with HIV infection is up to 10% [9—12]. This report aims
to describe the clinical course of patients with extensive
and severely necrotic mpox, emphasizing histopathologi-
cal and virological characteristics.

Case presentations

Case 1 Thirty-year-old male without previous known
medical history. He began on August 2022 with a single
skin lesion in the glans penis. During the following days,
similar lesions appeared throughout the trunk, neck, face,
scalp, arms, and legs. After medical evaluation, he was
started on valacyclovir, without clinical improvement.
Positive skin PCR confirmed mpox. Two weeks later he
developed facial edema, sialorrhea, poor oral intake, and
worsening of the skin lesions, with phimosis and skin
necrosis of the genital area.

On September 2022 he was referred to our Institution.
On admission, he was afebrile, tachycardic (140 bpm),
tachypneic (18 rpm), and hypoxemic (SpO2 89% on room
air). Physical examination revealed a disseminated poly-
morphic dermatosis affecting all body segments (>200
lesions) composed of giant ulcerative and crusted lesions
with an edematous and indurated border surrounded by
erythema; early lesions were pustules and umbilicated
papules. HIV serology was positive (121 CD4* cells/mm?
— 5% / viral load 312,077 copies/mL). HSV-1 coinfection
was confirmed by PCR. Other sexually transmitted dis-
eases were excluded.

Tracheal stricture and 2 pulmonary nodules were
identified on admission computed tomography (CT)
scan. Magnetic resonance imaging (MRI) of the pelvis
showed signs of bilateral orchitis, urethritis, and superfi-
cial necrotic tissue around the penis body and glans. An
emergency tracheostomy was performed to ensure air-
way patency. He was started on meropenem, vancomycin,
acyclovir, and prophylactic trimethoprim-sulfamethox-
azole. Six days later, after excluding opportunistic infec-
tions, antiretroviral therapy was initiated (bictegravir/
tenofovir/emtricitabine).

Two weeks later, the patient’s clinical condition con-
tinued to deteriorate. Due to the unavailability of poxvi-
rus antiviral agents, the local investigation board review
(IRB) authorized the infusion of plasma from a previ-
ously healthy volunteer who had received two doses of
the JYNNEOS vaccine>28 days prior (the patient gave
explicit consent for this extraordinary therapeutic mea-
sure). He received the infusion without complications
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but continued worsening thereafter (progression of skin
lesions, preseptal cellulitis, increasing facial edema, acute
kidney injury, neurologic deterioration, and respiratory
failure). Subsequent chest CT revealed an increase in the
size and number of pulmonary nodules. He was started
on empiric liposomal amphotericin B, but he developed
refractory shock and multiple organ failure (coagulopa-
thy, elevated liver enzymes). He ultimately died four
weeks after his admission. An extensive microbiological
evaluation was negative for other pathogens. Serum PCR
stayed positive for 28 days.

Case 2 Forty-four-year-old male with a past medical
history of type 2 diabetes mellitus, with poor adherence
to lifestyle changes and pharmacological treatment. He
began on September 2022 with fever, malaise, myalgia,
arthralgia, and disseminated rash characterized by vesi-
cles, pustules, crusts, and eschar, as well as necrosis of the
5th left toe. Mpox was confirmed by PCR testing of skin
lesions; he received symptomatic treatment.

On October 2022 he was referred to our Institution
due to clinical worsening of the skin lesions. On admis-
sion, he was afebrile, tachycardic (110 bpm), and tachy-
pneic (22 rpm), with normal oxygen saturation. Physical
examination revealed a diffuse skin rash (>100 lesions),
with characteristic vesicular, pustular, umbilicated, and
crusted lesions. The perianal region was notable for 2
ulcers with irregular borders. HIV serology was positive
(106 CD4™" cells/mm? — 6% / viral load 726,454 copies/
mL). HSV-2 coinfection was confirmed by PCR. Other
sexually transmitted diseases were excluded.

Multiple pulmonary nodules were identified by chest
CT scan. An abdominopelvic CT scan revealed concen-
tric thickening of the rectum with intramural collections,
a perianal abscess, and a trans-sphincteric anal fistula.
The patient was started on piperacillin-tazobactam, van-
comycin, acyclovir, fluconazole, and prophylactic trime-
thoprim-sulfamethoxazole. Complete surgical drainage
of the perianal abscess was performed, without compli-
cations. Six days after starting fluconazole, he presented
with dysphagia. Upper endoscopy revealed elevated
lesions with central umbilication in the distal esophagus,
similar to those seen on the skin. No local treatment was
applied, and he continued on fluconazole. Lung biopsy
excluded infectious/malignant causes of the pulmonary
nodules; mpox virus PCR was positive. After the exclu-
sion of opportunistic infections, antiretroviral therapy
was initiated (bictegravir/tenofovir/emtricitabine).

The patient’s skin lesions progressed to necrotic ulcer-
ations in the following days. He developed acute kidney
injury, respiratory failure, and distributive shock. Due
to neurologic impairment, a lumbar puncture was per-
formed. Cerebrospinal fluid (CSF) analysis was non-spe-
cific (WBC 0 mm3, RBC 465 cells/mL, protein 36.9 mg/
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dL, glucose 99 mg/dL); mpox virus PCR was positive.
Despite orotracheal intubation, vasopressors, and renal
replacement therapy, he developed multiple organ failure
(coagulopathy, elevated liver enzymes, cardiac dysfunc-
tion) and died. An extensive microbiological evaluation
was negative for other pathogens. Serum PCR stayed
positive for 30 days.

Case 3 Thirty-seven-year-old male with recently diag-
nosed HIV infection (25 CD4™" cells/mm? — 3% / viral load
31,385 copies/mL), and on <1 month of antiretroviral
treatment (bictegravir/tenofovir/emtricitabine). His past
medical history was also positive for T. pallidum and C.
trachomatis infections (previously treated). He began on
September 2022, with localized dermatosis affecting the
face, characterized by umbilicated papules.
On October 2022 he was referred to our Institution for
dissemination of the dermatosis. On admission, he was
afebrile, tachycardic (107 bpm), and without respiratory
abnormalities. Physical examination revealed a dissemi-
nated polymorphic dermatosis (<50 lesions) affecting
all body segments, with central ulceration and crusting,
indurated border, and surrounded by erythema. Oral can-
didiasis and necrotic proctitis were identified. The right
hand and forearm were erythematous, with edema and
disproportionate pain. CT imaging revealed cellulitis of
the right distal forearm and hand. HSV-2 coinfection was
confirmed by PCR. Other sexually transmitted diseases
were excluded. The patient was started on piperacillin-
tazobactam, vancomycin, fluconazole, doxycycline, acy-
clovir, and prophylactic trimethoprim-sulfamethoxazole.
He underwent anal canal surgical debridement and fas-
ciotomy of the right forearm due to compartment syn-
drome. Notably, characteristic lesions were documented
at surgical incision sites, which rapidly enlarged over the
next days. Days later, he developed progressing respira-
tory distress. On head and neck CT, diffuse inflammation
was observed in the buccopharyngeal space, with seg-
mental obliteration of the glottis. He underwent emer-
gency surgical tracheostomy, but complete occlusion of
the airway conditioned severe hypoxemia and cardiac
arrest. He died 21 days after admission. No opportunistic
infections were identified. Serum PCR stayed positive for
21 days.

Case 4 Twenty-five-year-old male with HIV infection, on
6 months of antiretroviral treatment (68 CD4™ cells/mm3
— 7% / viral load 367 copies/mL). He was referred to
our Institution on October 2022 for progressive mpox.
Physical examination showed 2-3 cm round verrucous
lesions with yellow crust, affecting the scalp, neck, torso,
forearms, penis, and right foot. Soft tissue infection by
methicillin-sensitive S. aureus was diagnosed. After a 2
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week course of antibiotic therapy, he was discharged. Two
months later he had no mpox lesions.

Case 5 Fifty-eight-year-old male with HIV infection,
on >6 months of antiretroviral treatment (177 CD4"
cells/mm3 — 8% / suppressed viral load). He was referred
to our Institution on October 2022 to evaluate a large
necrotic ulcer in the perianal region. Physical examination
revealed a large ulcer (10x6 cm) in the perianal area with
secondary bacterial infection, plus some disseminated
crusted ulcers and umbilicated papules and vesicles, with
necrotic center. Broad-spectrum antibiotics were started,
and extensive surgical debridement was performed. Tis-
sue cultures were positive for E. coli, E. faecium, and A.
haemolyticum. After ten days of antibiotic therapy, he was
discharged. Three months later, he still had mpox lesions
(crusts) on the thighs, glutes, and perianal region. Viro-
logical assessment at that point was not made. Table 1
presents a detailed comparison of the clinical and molec-
ular characteristics of the 5 cases described.

Histopathological findings
Clinical dermatological findings are displayed on Fig. 1.
Skin biopsies (Fig. 2) showed a partially necrotic epi-
thelium with scale, crust, and mounds of parakeratosis.
Marked acanthosis, vacuolated keratinocytes with bluish-
gray cytoplasm and enforcement of nucleus membrane,
and some multinucleated giant cells were observed as
distinctive of Mpox infection. A lymphoplasmacytic
inflammatory infiltrate in the superficial mucosa accom-
panied these changes. Periodic acid Schiff (PAS), Ziel-
Nielsen (ZN), Fite Faraco, and Gram stains were negative.
Lung biopsy (Fig. 3) displayed areas of necrosis and foci
of irregularly shaped cells with nucleomegaly, accompa-
nied by a predominantly lymphocytic infiltrate. On high-
power fields, syncitia formation with multinucleated
pneumocytes were observed. Ground glass chromatin
was identified, suggesting cytopathic damage. Immuno-
histochemistry reactions for citomegalovirus, adenovi-
rus, and herpes simplex virus were negative.

Discussion and conclusions
This severely necrotic form of mpox was more frequent
than previously reported [2, 5], accounting for 6% of all
cases of mpox seen at our institution during the time
these cases presented (5/81). Of note, from 7 hospitalized
mpox patients at our center, these cases were the only
ones with this severely necrotic form of the disease and
were the only ones with CD4" cell count <200 cell/mm?.
All cases displayed features resembling disseminated
smallpox. Cases 1, 2, and 3 experienced a clinical syn-
drome similar to smallpox of the hemorrhagic variety
[13], with thrombocytopenia, prolongation of throm-
bin and prothromboplastin times, and gastrointestinal
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Fig. 1 Clinical images of patients with severely necrotic mpox. A and B. Mucosal edema with progression to extensive necrosis. C and D. Giant skin ulcer-
ation. E. Phimosis and penile necrosis. F. Pseudo-Koebner phenomenon (mpox lesions appeared on EKG monitoring sites)

bleeding. The hemorrhagic types of smallpox were the
deadliest ones, with an estimated case fatality rate of
60—-90%, even in vaccinated people [13], contrasting with
the observations of a less clinically severe disease after
mpox infection or vaccination [14].

Complications from severe smallpox occurred at a
later stage of the disease. Typically, patients remained
febrile for various days, after which pulmonary or neuro-
logical manifestations began to appear. The cases shown
here presented a similar chronology of events, probably
reflecting the physiopathological similarities between
smallpox and mpox.

The neurological manifestations described in case 2, in
whom the PCR in CSF was positive, are similar to those
seen in patients with smallpox encephalitis [13]. Symp-
toms of smallpox encephalitis include altered mental
status, indifference, drowsiness, and semicomatose con-
dition, whereas CSF findings rarely show biochemical
abnormalities. Smallpox respiratory complications are
common, reportedly related to inhalation as the virus’s
transmission mechanism [15]. In the severe mpox cases
presented here, we could prove lung involvement by
imaging, PCR, and histopathology, even though mpox
transmission mechanism was primarily by close contact.

As mentioned in the case descriptions, persistently
positive PCR in blood was evidenced in cases 1, 2, and
3, with low ct (cycle threshold) values throughout all the
disease course. Intense and continuous viremia has been
pointed out as the potential mechanism for severe cases

of variola major [13]. Moreover, persistent viremia seems
to be the pathological cause of the progressive and dis-
seminated course of disease in other Orthopoxvirus
infections, as shown in studies on humans with diseases
of cellular immunity [16—18]. Death, as hypothesized by
Rao, also seems to occur secondary to severe viremia and
toxemia as shown by elevated C-reative protein and per-
sistent positive PCR in serum [13].

Lung and other organ involvement might reflect the
widespread dissemination of the mpox virus in severe
cases such as these. Cases shown in this report had a pro-
found CD4* T cell deficiency, which probably accounted
for the severity of the disease. HIV-related immunosup-
pression appears to be a predisposing factor for mpox-
related complications and death [5, 19]. In this series, the
two patients with the most prolonged antiretroviral treat-
ment duration survived, possibly indicating that immune
reconstitution had already begun before mpox. The
late-onset multiorgan dysfunction observed in our cases
followed the sequence of events demonstrated by an
aerosolized mpox model in monkeys [20].The reticuloen-
dothelial system seems to be a critical factor in dissemi-
nating the virus, as shown by the early involvement of the
spleen, lymph nodes, and tonsils. Also, lymphoid deple-
tion, reduced number of NK cells, and overproduction of
pro-inflammatory cytokines (cytokine storm) have been
implicated in the immunopathological events of severe
mpox [21]. Although these progression markers were not
directly assessed, we observed profound lymphopenia
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Fig. 2 Lung tissue with broncho-pneumonic changes. Congestive septi (A) and effacement of alveolar pattern with necrosis (B) Both 40X. Prominent
type Il pneumocytes (arrow) and congestive septi (C), followed by desquamative changes (wide arrow) and interstitial inflammation and macrophages
in alveolar space (D). Necrotic debris in alveoli with few erythrocytes and wide congestive septum (E). Parenchymal necrosis with karyorrhexis and giant
histiocytic cells (F). All sequential alveolar changes at 400X. Cytopathic changes in pneumocytes (arrows). Ground glass chromatin in a large cell lining
alveoli filled with fibrin, polymorphonuclear cells, macrophages, and lymphocytes (G). Sincitial cell covering alveolar surface close to necrotic area (H).

Both Fig. 1000X.

and meager numbers of CD4* cells as common factors in
the cases presented here.

Histopathologic findings in lung biopsy highlight the
extensive necrotic spectrum of disease seen in patients
with disseminated disease. Although smallpox virus
bronchopneumonia is usually referred to as suppura-
tive pneumonia, distinct virus-associated changes also
include necrosis of the alveolar epithelium [22]. This
similarity with the smallpox virus raises the question of
aerosolization as a potential transmission mechanism of
mpox.

Immune reconstitution inflammatory syndrome (IRIS)
is defined as a worsening of a condition after initiat-
ing antiretroviral therapy in HIV-infected patients [23].
Clinical and laboratory criteria have been proposed to
aid in the diagnosis of IRIS [24]. In the present series of
cases, IRIS was sustained based on CD47 cell count<200,
the recent initiation of antiretroviral therapy, and rapid

clinical deterioration. However, a decline in HIV viral
load or an increase in CD4 cell count was not docu-
mented due to the short time between the start of anti-
retroviral therapy and death. Antiretroviral regimes used
included integrase inhibitors, known for their fast decline
in plasma HIV-RNA [25]. These patients may experience
accelerated immune recovery, which might have con-
tributed to a more severe inflammatory response [26]. In
patients with mpox and previously untreated HIV infec-
tion, it is unknown when to initiate antiretrovirals.

The attempt to treat one of the patients in our series
via passive immunization failed. Possible explanations for
this include timing of plasma administration, lower than
needed antibody titers (donor vaccinated, not convales-
cent), untreated concomitant HIV infection, and proba-
ble IRIS, among many others yet unknown. There is little
clinical evidence for the current authorized therapies for
mpox, such as tecovirimat, cidofovir, and brincidofovir
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Fig. 3 Skin biopsies. (A) Partially necrotic epithelium (arrow) and marked acantosis (two-headed arrow). (B) Scale crust (arrow head). (C) Mounds of
parakeratosis (arrow). (D) Lymphoplasmacytic inflammatory infiltrate (arrow head), (E) Multinucleated keratinocytes (arrow). E and (F) Vacuolated kerati-

nocytes (arrow heads). (Hematoxylin and eosin)

[27]. A retrospective study reporting results of mpox
infection treated with tecovirimat suggests faster symp-
tom resolution for patients who received it earlier in
the course of disease [28]. However, large randomized
clinical trials evaluating antivirals, immunoglobulin,
monoclonal antibodies, and other possible therapies are
needed, especially for patients with severe disease.

In summary, we present the clinicopathological cor-
relation of severely necrotic mpox, with assessment of
viral presence and persistence in different body tissues
of patients with HIV-infection. We encourage testing for
undiagnosed HIV infection in patients presenting with
mpox, and we support a comprehensive widespread vac-
cination in high risk-groups.
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bpm beats per minute

rpm respirations per minute
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ct cycle threshold
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WBC white blood cell
RBC red blood cell

HSV herpes simplex virus
PAS periodic acid Schiff
RNA ribonucleic acid
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