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TherapeuTic advances in 
infectious disease

Background
Mpox is a reemerging, neglected viral infection that 
previously affected African countries over the last 
50 years. By May 2023, worldwide Mpox cases sur-
passed 87,000. In the current outbreak, complica-
tions like proctitis, tonsillitis, and skin and soft 
tissue infections have been reported.1,2 Mpox infec-
tion was associated with increased severity and 
occasional death in some vulnerable populations, 
particularly those with advanced human immuno-
deficiency virus (HIV) infection.3 We also have a 
scarcity of drugs available to manage the  
disease.4 Immunocompromising conditions are 

common among hospitalized patients with Mpox, 
with up to 80% of cases being in people with HIV.5 
However, we lack additional predictive risk factors 
associated with Mpox severity and hospitalization. 
Using a global health network, we compared clini-
cal characteristics and outcomes in hospitalized 
and nonhospitalized patients with Mpox infection.

Methods
Patients ⩾18 years of age with Mpox were identi-
fied from TriNetX, a global federated research 
network, on February 24, 2023. We used the 
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Abstract
Background: Monkeypox (Mpox) is a reemerging, neglected viral disease. By May 2023, worldwide 
Mpox cases surpassed 87,000. Predictive factors for hospitalization with Mpox are lacking.
Objective: We aim to compare clinical characteristics and outcomes in hospitalized and 
nonhospitalized patients with Mpox infection.
Design: A multicenter retrospective case-control cohort of patients with Mpox infection.
Methods: We performed a propensity score match analysis from a global health network 
(TrinetX). We compare clinical characteristics and outcomes between hospitalized and 
nonhospitalized patients with Mpox.
Results: Of 1477 patients, 6% were hospitalized, 52% required an ED visit, and 29% received 
treatment at urgent care. After propensity score matching, 80 patients remained in each 
group. Hospitalizations were more common among Black persons (51% versus 33%, p = 0.01), 
people with HIV (50% versus 20%, p < 0.0001), and those with proctitis (44% versus 12.5%, 
p < 0.001).
Conclusion: Independent predictive factors of hospitalization in our cohort for Mpox included 
people who are Black with a diagnosis of HIV, severe proctitis, pain requiring opioids, and 
elevated lactate dehydrogenase. Greater recognition of factors associated with increased risk 
of Mpox severity and hospitalization is paramount.
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International Classification of Diseases and labo-
ratory results to define the Mpox diagnosis 
(Supplementary Material). The patient popula-
tion was divided into two cohorts based on the 
requirement for hospitalization within 1 month 
after the initial Mpox diagnosis since complica-
tions requiring admission are more commonly 
present within this timeframe. The primary out-
come was to compare clinical features by hospi-
talization status within 1 month after Mpox 
diagnosis. Medication use, laboratory values, 
healthcare utilization, and death were compared 
between groups.

Statistical analyses were completed using the 
TriNetX platform. Continuous data were com-
pared using independent t-tests, whereas categor-
ical data were compared using χ2 or Fisher’s exact 
test. Outcomes were assessed by propensity score 
matching. Research utilizing TriNetX does not 
require ethical approval because patient-identifia-
ble information is not accessible to users.

Results
We identified 1477 patients with Mpox, of which 
52% required an emergency department (ED) 
visit, 29% received treatment at urgent care, and 
6% were hospitalized. Among those hospitalized, 
<1% required ICU care, and no deaths were 
reported. The hospitalized group was more likely 
to be White or Black persons (Table 1). Patients 
requiring hospitalization reported more systemic 
symptoms and had higher proportions of immuno-
compromising conditions and HIV. More than 
half of admitted patients reported rash and a quar-
ter fever, significantly higher than in non-admitted 
patients. Close to 60% of admitted patients had 

HIV compared to 31% of non-admitted patients. 
Syphilis, aplastic anemia, and diabetes mellitus, 
type 2 (DM2) were more commonly present in 
hospitalized patients. Overall, proctitis and celluli-
tis were the most common Mpox complications. 
While Mpox complications were infrequently 
recorded, they were significantly more common 
among hospitalized patients.

CD4 counts were significantly lower, and HIV 
ribonucleic acid (RNA) viral loads were signifi-
cantly higher among patients requiring hospitali-
zation. Prior use of opioids, immunosuppressants, 
and glucocorticoids was greater in those admit-
ted. Tecovirimat and a previous smallpox vaccine 
were uncommon in both groups.

After propensity score matching, 80 patients 
remained in each group. Hospitalized patients 
were more likely to be Black persons (51% versus 
33% p = 0.01). Furthermore, patients requiring 
admission had a higher prevalence of HIV (50% 
versus 20% p < 0.0001) and proctitis (31% versus 
12.5%, p = 0.004) with higher lactate dehydroge-
nase (LDH; 344 ± 126 versus 221 ± 0, p = 0.006) 
and increased use of opioids for pain manage-
ment (44% versus 12.5%, p < 0.001).

Discussion
We found a 6% hospitalization rate within 1 month 
after Mpox diagnosis, in which systemic symp-
toms and complications associated with Mpox 
were more common among those admitted. 
Hospitalized patients with Mpox were dispropor-
tionally young Black men with high rates of HIV 
infection or other immunosuppressive conditions. 
The reported overall hospitalization rate for 

Table 1. Clinical characteristics of Mpox patients by hospitalization status.

Variable, Mean ± SD, N (%) N Overall, N = 1477 Hospitalized, N = 89 Nonhospitalized, 
N = 1388

p-Value

Demographics

 Age (years), 1477 35 ± 11.8 34 ± 11 35.1 ± 11.9 0.3882

 Men 1477 1323 (90%) 80 (90%) 1243 (90%) 0.9203

 White 1477 436 (30%) 38 (43%) 398 (29%) 0.0049

 Hispanic 1477 212 (14%) 15 (17%) 197 (14%) 0.4877

 Black 1477 438 (30%) 45 (51%) 393 (28%) <0.0001
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Variable, Mean ± SD, N (%) N Overall, N = 1477 Hospitalized, N = 89 Nonhospitalized, 
N = 1388

p-Value

Symptoms

 Rash 1477 204 (14%) 49 (55%) 155 (11%) <0.0001

 Fever 1477 81 (5%) 20 (22%) 61 (4%) <0.0001

 Nausea 1477 35 (2%) 11 (12%) 24 (2%) <0.0001

 Headaches 1477 32 (2%) 10 (11%) 22 (2%) <0.0001

Comorbidities*

 HIV 1477 487 (33%) 51 (57%) 436 (31%) <0.0001

 History of Syphilis 1477 267 (18%) 31 (35%) 236 (17%) <0.0001

 Neoplasm 1477 185 (13%) 17 (19%) 168 (12%) 0.0532

 Aplastic anemia 1477 83 (6%) 17 (19%) 66 (5%) <0.0001

 DM2 1477 71 (5%) 12 (14%) 59 (4%) <0.0001

 Transplant status 1477 <10 (<1%) <10 (<11%) <10 (<1%) <0.0001

Complications

 Proctitis 1477 143 (10%) 29 (33%) 114 (8%) <0.0001

 Cellulitis 1477 33 (2%) 15 (17%) 21 (2%) <0.0001

 Tonsillitis 1477 22 (2%) 10 (11%) 12 (1%) <0.0001

 Pneumonia 1477 <10 (<1%) <10 (<11%) <10 (<1%) <0.0001

Labs**

 Creatinine (mg/dL) 315 1.0 ± 10.7 0.9 ± 0.4 1.0 ± 0.3 0.0188

 AST (IU/mL) 175 29.1 ± 20 51.5 ± 103 29.2 ± 20.4 0.0052

 Leukocytes (103/µL) 260 10.8 ± 87.1 10.3 ± 7.0 11.3 ± 64 0.9015

 Lymphocytes (103/µL) 227 3.0 ± 1.2 2.5 ± 2.2 2.2 ± 2.5 0.5384

 Hemoglobin (mg/dL) 254 14.5 ± 1.64 13.6 ± 1.8 14.5 ± 1.6 0.0004

 Hemoglobin A1c (%) 43 5.87 ± 1.68 5.4 ± 1.1 5.9 ± 1.7 0.3609

 CD4 count (cells/µL) 107 600 ± 336 286 ± 283 618 ± 337 0.0003

 HIV RNA (copies/mL) 33 39k ± 81k 248k ± 200k 31k ± 73k <0.0001

 LDH (U/L) 24 254 ± 121 304 ± 131 261 ± 125 0.3823

 Ferritin (ng/mL) 28 196 ± 90.6 234.6 ± 254.4 175.1 ± 88.6 0.635

(Continued)

Table 1. (Continued)
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Variable, Mean ± SD, N (%) N Overall, N = 1477 Hospitalized, N = 89 Nonhospitalized, 
N = 1388

p-Value

Medications

 Opioid analgesics 1477 113 (8%) 40 (45%) 73 (5%) <0.0001

 Glucocorticoids 1477 107 (7%) 20 (22%) 87 (6%) <0.0001

 Immunosuppressants*** 1477 10 (1%) <10 (<11%) 10 (<1%) <0.0001

 Tecovirimat# 1477 <10 (<1%) <10 (<11%) <10 (<1%) <0.0001

 Vaccinia virus 1477 <10 (<1%) <10 (<11%) <10 (<1%) <0.0001

In TriNetX, patient counts ⩽10 are rounded to 10, so the exact number is obfuscated for privacy purposes. DM2, Diabetes Mellitus, type 2
*Capture of comorbidities was not time bounded. Other variables were captured within 3 months before the Mpox diagnosis.
**Laboratory tests were not performed for all patients, which likely reflected differences in institutional and clinical practices.
***Immunosuppressants included: Tacrolimus, Mycophenolate mofetil, Mycophenolic acid, Cyclosporine, Azathioprine, Sirolimus, Infliximab, 
Basiliximab, Belatacept, Omalizumab, Siltuximab, Belumosudil, and Ustekinumab.
#Use of the medication within a month after Mpox infection.

Table 1. (Continued)

paients with Mpox is 14%;6 Higher for those with 
HIV (8% versus 3%). Additionally, patients with 
HIV are more likely to be symptomatic or present 
to the ED.7 In addition to advanced HIV,3 a his-
tory of organ transplantation and hematological 
malignancy are common among those hospital-
ized,5 as seen in our study. We also observed 
higher HIV viral loads and lower CD4 counts in 
those admitted suggesting poor virologic control. 
People with HIV had more severe Mpox infec-
tions and presented with widespread, significant, 
necrotizing lesions and mucosal involvement.3

Mpox severity and hospitalization have dispropor-
tionately affected persons from minority ethnicities, 
mainly Black or African American, or Hispanic 
persons. We need to emphasize the importance of 
early disease recognition and increase the availabil-
ity of Mpox vaccination, access to antiretroviral 
therapy, and linkage to care to close the racial dis-
parity gap. In a report from Georgia, despite Black 
persons making up to 79% of Mpox infections, 
only 45% have received the first dose of the Jyneos 
vaccine.8 Additionally, Black persons are less likely 
to receive tecovirimat than White or Hispanic per-
sons based on data from CDC.

Independent predictive factors of hospitalization 
in our cohort for Mpox included people who are 
Black, a diagnosis of HIV, severe proctitis, pain 
requiring opioids, and elevated LDH.

Our study has some limitations. The retrospec-
tive nature of the follow-up cohort may introduce 
selection bias. Isolating the effect of hospitaliza-
tion is complex and multifactorial, and selected 
available data may confound differences.

Conclusions
People with HIV, particularly those with poorly 
controlled HIV and Black persons are at increased 
risk of Mpox severity and hospitalization. 
Additional immunosuppressive conditions such 
as hematological malignancy and neoplasm may 
also play a role. Possible contributing causes for 
admission are increased tissue injury, proctitis, 
and pain. Increased awareness and vaccination of 
those populations at risk are paramount.

Declarations

Ethics approval and consent to participate
Any data displayed on the TriNetX Platform in 
aggregate form, or any patient-level data provided 
in a data set generated by the TriNetX Platform, 
only contains de-identified data as per the de-iden-
tification standard defined in Section §164.514(a) 
of the HIPAA Privacy Rule. Geographic reporting 
at the regional level prevents potential re-identifi-
cation through the localization of patients or 
HCOs. Research utilizing TriNetX does not 
require ethical approval because patient-identifia-
ble information is not accessible to users.

https://journals.sagepub.com/home/tai


AF Henao-Martínez, CM Orkin et al.

journals.sagepub.com/home/tai 5

Consent for publication
Not applicable.

Author contributions
Andrés F. Henao-Martínez: Conceptualization; 
Data curation; Formal analysis; Investigation; 
Methodology; Project administration; Resources; 
Software; Supervision; Validation; Visualization; 
Writing – original draft; Writing – review & editing.

Chloe M. Orkin: Investigation; Supervision; 
Writing – review & editing.

Boghuma K. Titanji: Conceptualization; 
Writing – review & editing.

Alfonso J. Rodriguez-Morales: Supervision; 
Writing – review & editing.

Jorge L. Salinas: Investigation; Resources; 
Writing – review & editing.

Carlos Franco-Paredes: Conceptualization; 
Supervision; Writing – review & editing.

Jose Tuells: Investigation; Supervision; Writing 
– review & editing.

Daniel B. Chastain: Conceptualization; Data 
curation; Investigation; Methodology; Resources; 
Supervision; Writing – original draft.

Acknowledgements
None.

Funding
The author(s) disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: Dr. Boghuma 
K. Titanji is funded by the NIH BIRCWH pro-
gram and Emory CFAR grant P30AI050509).

Competing interests
The authors declared the following potential con-
flicts of interest with respect to the research, 
authorship, and/or publication of this article: The 
Editor in Chief and Associate Editor of Therapeutic 
Advances in Infectious Disease are authors of this 
article. Therefore, the peer review process was 
managed by alternative members of the Editorial 
Board and the submitting Editors had no involve-
ment in the decision-making process.

Availability of data and materials
The corresponding author had full access to data 
in the study and had final responsibility for the 
decision to submit the manuscript for publication. 

The datasets generated and analyzed in the current 
study are available from those subscribed to 
TrinetX or from the corresponding author upon 
reasonable request.

ORCID iDs
Andrés F. Henao-Martínez  https://orcid.
org/0000-0001-7363-8652

Alfonso J. Rodriguez-Morales  https://orcid.
org/0000-0001-9773-2192

Daniel B. Chastain  https://orcid.org/0000- 
0002-4018-0195

Supplemental material
Supplemental material for this article is available 
online.

References
 1. Tarín-Vicente EJ, Alemany A, Agud-Dios 

M, et al. Clinical presentation and virological 
assessment of confirmed human Monkeypox 
virus cases in Spain: a prospective observational 
cohort study. Lancet 2022; 400: 661–669.

 2. Ortiz-Martínez Y, Rodríguez-Morales AJ, 
Franco-Paredes C, et al. Monkeypox – a 
description of the clinical progression of skin 
lesions: a case report from Colorado, USA. Ther 
Adv Infect Dis 2022; 9: 20499361221117726.

 3. Mitjà O, Alemany A, Marks M, et al. Mpox in 
people with advanced HIV infection: a global 
case series. Lancet 2023; 401: 939–949.

 4. Varghese R, Patel P, Kumar D, et al. Monkeypox 
and drug repurposing: seven potential antivirals to 
combat the viral disease. Rev Environ Health 2023.

 5. Miller MJ, Cash-Goldwasser S, Marx GE, et al. 
Severe Monkeypox in hospitalized patients – United 
States, August 10-October 10, 2022. MMWR Morb 
Mortal Wkly Rep 2022; 71: 1412–1417.

 6. DeWitt ME, Polk C, Williamson J, et al. 
Global monkeypox case hospitalisation rates: 
a rapid systematic review and meta-analysis. 
eClinicalMedicine 2022; 54.

 7. Chastain DB, Motoa G, Ortiz-Martínez Y, et al. 
Characteristics and clinical manifestations of 
monkeypox among people with and without HIV 
in the United States: a retrospective cohort. Aids 
2023; 37: 611–616.

 8. Nsoesie EO and Vu C. Monkeypox: where are 
the racial disparities? Lancet Reg Health Am 2023; 
17: 100372.

Visit Sage journals online 
journals.sagepub.com/
home/tai

 Sage journals

https://journals.sagepub.com/home/tai
https://orcid.org/0000-0001-7363-8652
https://orcid.org/0000-0001-7363-8652
https://orcid.org/0000-0001-9773-2192
https://orcid.org/0000-0001-9773-2192
https://orcid.org/0000-0002-4018-0195
https://orcid.org/0000-0002-4018-0195
https://journals.sagepub.com/home/tai
https://journals.sagepub.com/home/tai

