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Abstract
Background  The course of monkeypox can be severe. Our aim was to retrospectively compare the risk of hospital 
admission, the need for ventilation, sepsis, pneumonitis and death between the recent outbreak and historical 
outbreaks.

Materials and Methods  Cases of monkeypox were retrieved from the TriNetX database and assigned to either 
cohort I (recent outbreak between May 1st and September 16th, 2022) and cohort II (historical outbreaks before May 
1st, 2022). After matching for age distribution, statistical analysis was performed.

Results  Of 640 patients with monkeypox 81 subjects per cohort remained after matching (mean age±standard 
deviation = 36.1±18.3 years). Within 56 days after diagnosis 10 patients per cohort were hospitalized (12.4%) and/or 
developed sepsis (12.4%). The risk of ventilation and pneumonitis were significantly lower among cohort I compared 
with cohort II (0 vs. 10 cases; risk difference = 12.4%; p = 0.001; Log-Rank test). No cases of death were recorded.

Conclusion  Even though monkeypox provides a risk of severe courses, the infection is self-limiting in most cases. 
Unlike past outbreaks, the risk of ventilation and pneumonitis may be relatively low among recent outbreaks.
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Introduction
Monkeypox (International Classification of Diseases 
[ICD-10] code B04) is a zoonotic disease caused by the 
monkeypox virus (MPV or MXPV). It belongs to the 
poxviridae family and is closely related to the variola 
virus (VARV) which causes smallpox. MXPV is a dou-
ble-strained deoxyribonucleic acid (DNA) virus that 
replicates inside the cytoplasm of infected mammal 
cells. Monkeypox can be transmitted via both animal-
to-human and human-to-human pathways. Common 
clinical signs of the disease are fever, pleomorphic rash 
and lymphadenopathy [1]. Besides these typical symp-
toms, severe and even fatal courses are possible, espe-
cially when pneumonitis, encephalitis or sepsis occur [2]. 
Even though no regularly licensed treatment is currently 
available, antiviral therapy with brincidofovir, cidofovir 
and tecovirimat has been described, especially in patients 
infected with the human immunodeficiency virus (HIV) 
[3, 4]. However, it needs to be emphasised that these 
drugs were used off-label in a limited number of indi-
viduals. Furthermore, adverse drug reactions (ADRs) 
were reported in some cases, leading to the cessation of 
therapy [1]. Despite that, the recent literature provides 
evidence of protective immunity against monkeypox 
through smallpox vaccination [5].

Since the recent outbreak started in the United King-
dom in May 2022, a rising number of cases has been con-
firmed outside of Africa, where monkeypox is an endemic 
disease in certain western and central regions [6, 7]. With 
a view to the coronavirus disease 2019 (COVID-19) pan-
demic, it was feared that the recent outbreak has the 
potential to spread worldwide [8]. As the virus emerged 
among different populations across multiple continents 
and the route of transmission remains partially uncertain, 
the local spread of undetected infection was suspected 
[9]. Even though it remains unclear how the recent out-
break started, there is evidence that all cases outside 
of Africa might go back to a single infected individual 
[7, 9]. By sequencing viral genomes, it was found that 
the MXPV responsible for the recent outbreak strongly 
resembles a strain from western Africa [6, 7]. Its mortal-
ity rate was found to be about 1%, which is significantly 
lower than that of strains from central Africa, showing 
death rates of approximately 10%, whereby case fatality 
was reported to be augmented in children as well as in 
individuals infected with HIV [6, 7, 10, 11]. Accordingly, 
there is evidence indicating that the recent outbreak may 
be associated with a relatively low frequency of complica-
tions [12, 13]. Thus, it was hypothesized that the risk of 
hospital admission, the need for ventilation procedures, 
sepsis, pneumonitis and death was lower among patients 
from the recent outbreak in comparison with those from 
outbreaks in the past. The according aim of the current 
study was to compare the risk of hospital admission, need 

for ventilation procedures, sepsis, pneumonitis and death 
among patients with monkeypox within the recent out-
break and historical outbreaks.

Materials and methods
Data Source
With aforementioned aim, the TriNetX Global Health 
Research Network (TriNetX, Cambridge, Massachusetts, 
USA) was used to gain retrospective data. This provides 
access to a significant number of medical records. Tri-
NetX is a database that accumulates clinical data from 
more than 120 health care organisations (HCOs) from 19 
countries. The scope of the network is to enable HCOs, 
contract research institutes and biopharmaceutical com-
panies to access and exchange longitudinal clinical data 
and provide state-of-the-art data analytics. By Janu-
ary 2022, TriNetX had collected digital clinical records 
from more than 250 million subjects. The network is well 
established to research into medical topics of worldwide 
interest, including the COVID-19 pandemic [14–16].

Data assessment
On September 16th, 2022, the TriNetX database was 
accessed. The index event (in terms of the inclusion cri-
terion which furthermore defines the beginning of the 
time window in which outcome events are recorded) was 
defined as diagnosis of “monkeypox” (ICD-10 code B04), 
whereby the eligibility period was limited to the past 20 
years. All diagnoses were made via PCR analysis.

Allocation and matching
Subsequently, the retrieved patients were assigned to 
the cohorts I (recent outbreak in terms of diagnosis of 
monkeypox since May 1st 2022 and the access date) and 
II (historical outbreaks regarding diagnosis of monkey-
pox before May 2022). Both cohorts were one-to-one 
propensity-score matched for age distribution in order 
to mitigate confounder bias, and to replicate randomized 
conditions as closely as possible.

Primary and secondary outcomes
The primary outcome was defined as “death”. Further-
more, the secondary outcomes were “hospitalisation” 
(admission for hospital inpatient services), “ventilation” 
(ventilation assist and management, initiation of pressure 
or volume pre-set ventilators for assisted or controlled 
breathing), “sepsis” and “pneumonitis”. The time window 
for recording outcomes was defined as 56 days after the 
index event. Only medical records which covered the 
complete time-window were provided by TriNetX. A 
daily time interval was used to record outcome events.
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Statistical analysis
Data analysis was performed using the statistical analy-
sis tools provided by the TriNetX platform. Specifically, 
Log-Rank test was applied, whereby p≤0.05 was defined 
as significance threshold.

Results
Study population
Initially, 640 patients suffering from monkeypox were 
obtained from 25 HCOs. Four-hundred-seventy-one 
(36 females and 435 males) and 169 (99 females and 70 
males) individuals were diagnosed with monkeypox 
since and before May1st 2022, and were thus eligible for 
the cohorts I and II, respectively. No subject had to be 
excluded for meeting the index event more than 20 years 
ago. After propensity-score matching for age distribu-
tion each cohort accounted for 81 patients, whereby the 
mean age did not differ significantly between the cohorts 
(p = 0.976; Log-Rank test), as shown in Fig. 1. The demo-
graphic characteristics of both cohorts before and after 
matching can be retrieved from Table  1. Before and 
after matching the proportion of males was significantly 
higher among cohort I (p<0.001). No information was 
available regarding the countries in which the cases were 
recorded.

Primary and secondary outcomes
Among the cohorts I and II, no subject died within 
56 days after diagnosis of monkeypox. No statistically 
significant difference between the cohorts was found 
regarding the necessity of hospitalization and sepsis. Ten 
individuals within each cohort were hospitalized (risk of 
hospitalization = 12.4%), and ten patients in both groups 
developed sepsis within the investigated time-window 
(risk of sepsis = 12.4%). Significant differences were found 
in secondary outcomes ventilation and pneumonitis: 
Ten individuals of the cases from historical outbreaks 
required ventilation (risk difference = 12.4%, p = 0.001; 
Log-Rank test), The risk of pneumonitis was significantly 
lower among cohort I when compared with cohort II (0 
vs. 10 cases; risk difference = 12.4%; p = 0.001; Log-Rank 
test).

Discussion
The aim of the present study was to compare the risk of 
the need for hospital treatment and ventilation proce-
dures, sepsis, pneumonitis and death in subjects diag-
nosed with monkeypox since May 1st 2020 (cohort I 
[“recent outbreak”]) and before May 2020 (cohort II [“his-
torical outbreaks”]). As there is literature suggesting that 
the strain involved in the recent outbreak might provide 
a lower risk of severe courses [12, 13], the assumption 
was that the respective risks were lower among patients 
within the recent outbreak compared to cases from the 

past. The hypothesis was only partially confirmed. Indi-
viduals involved in the recent outbreak showed a sig-
nificantly lower risk of pneumonitis and ventilation 
compared with subjects from historical outbreaks. The 
risk of hospital admission, sepsis and death did not dif-
fer significantly within the investigated time-window. 
Furthermore, the risk of death within 56 days after diag-
nosis was 0% for both cohorts. This finding is in contra-
diction with previous reports, where case fatality rates of 
up to 10% were found [6, 7, 10]. Nevertheless, the mor-
tality among individuals with monkeypox was described 
to vary between different outbreaks, which was attrib-
uted to several factors including the causative MPXV 
strain [17, 18]. Even though neither information on the 
involved strain nor on the geographic localization of the 
identified cases was available, TriNetX predominantly 
involves HCOs from developed countries, where a high 
medical standard can be expected. This might explain 
why no fatal courses were recorded. Despite the risk of 
fatality, severe but non-lethal courses of monkeypox are 
possible, which is reflected in the calculated risk of hospi-
tal admission of 12.4% for both cohorts. However, ten of 
the patients needed ventilation procedures in cohort II, 
and ten cases of sepsis in both cohorts were found within 
the investigated cohorts. As transmission of monkeypox 
among the recent outbreak was reported to be associated 
with men having sex with men [12], the finding that a 
significantly higher proportion of the infected individu-
als among cohort I were males is in accordance with the 
literature.

Regarding the limitations of the present study a cer-
tain risk of bias needs to be taken in into consideration. 
No data on geographic localization was available. As one 
consequence, the cases within cohort II could not be 
related to a specific outbreak in the past. Furthermore, 
neither data on applied therapeutic measures nor on 
co-morbidities was available, which may especially have 
influenced the frequency of hospital admission, but also 
of the other investigated variables. As the vast major-
ity of HCOs within the TriNetX network are located in 
western high-income countries, all subjects involved in 
the study should have had access to high standard medi-
cal care. It may therefore be carefully assumed that dif-
ferences in treatment standards are not likely to have 
caused the observed differences in the risk of ventilation 
and pneumonitis between both cohorts. Regarding the 
growing number of cases reported to the World Health 
Organization (WHO) (41.664 laboratory confirmed cases 
including 12 deaths since January 1st and as of August 24, 
2022) [19], it has to be considered that only a proportion 
of cases was available for analysis. Future studies might 
therefore apply a prospective approach in order to inves-
tigate if the obtained results can be confirmed.
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Despite the fact that monkeypox is the focus of atten-
tion due to a recent outbreak in Western countries, it 
has to be emphasised that the disease is primarily a bur-
den for the African continent, where there have been 
repeated outbreaks since its description in 1970. Due to 
the fact that monkeypox is endemic in some of the poor-
est countries in Western and Central Africa, a relevant 
proportion of infected individuals does not have access 
to healthcare services of Western standards, or basic 

medical care at all [20, 21]. This highlights that the fight 
against monkeypox should be seen as a challenge to the 
global community. We conclude that monkeypox incurs a 
relevant risk of severe courses with the need for hospital 
treatment. As a consequence, local outbreaks need to be 
contained using combined measures, including quaran-
tine. Antiviral drugs and vaccines provide potential relief 
even though no standards have yet been established. Fur-
thermore, we found evidence that the risk of ventilation, 

Fig. 1  Modified CONSORT-flowchart. ICD = International Classification of Diseases
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pneumonitis might be lower in the recent outbreak com-
pared with historical outbreaks.

Conclusions
 	• Monkeypox incurs a relatively high risk of a severe 

course regarding the need for hospital admission, 
whereby no difference was found between the recent 
outbreak and historical outbreaks.

 	• The risk of ventilation and pneumonitis was found 
to be lower among patients from the outbreak that 
started in May 2022 compared with individuals 
involved in past outbreaks.

Acknowledgements
Not applicable.

Authors’ contributions
Conceptualization: RP, SP, FG Methodology: RP, SP, MoHe Software: SP, RP, 
MoHe, FG Validation: SP, MoHe, SN, RP, FG, WAP, OA Data curation: MoHe, SN, 
MaHe, FG, OA Writing original draft: MoHe, FG Writing, Review, Editing: SP, 
MH, SN, WAP, FG Visualization: SP, MoHe, RP, FG Project Administration: RP 
Supervision and funding acquisition: MaHe, RP All authors read and approved 
the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. This work was 
supported by TRR295.

Data Availability
The datasets used and analysed can be retrieved from the TriNetX network 
(https://trinetx.com). If no access is available, the datasets can be retrieved 
from the corresponding author upon reasonable request.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
This work was reviewed by the Institutional Review Board (IRB) for Health 
Sciences Research of the University of Virginia (IRB tracking ID #23100), which 
determined that this project did not meet the criteria for Human Subject 

Research; the IRB deemed no further submission/review necessary to proceed 
with this project.
All methods were carried out in accordance with relevant guidelines and 
regulations.
The need for informed consent was waived by the Institutional Review Board 
(IRB) for Health Sciences Research of the University of Virginia (IRB tracking ID 
#23100) because of the retrospective nature of the study.
TriNetX is compliant with the Health Insurance Portability and Accountability 
Act (HIPAA), the US federal law which protects the privacy and security 
of healthcare data. TriNetX is certified to the ISO 27001:2013 standard 
and maintains an Information Security Management System (ISMS) to 
ensure protection of the healthcare data it has access to and to meet the 
requirements of the HIPAA Security Rule. 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, is de-identified according to the 
de-identification standard defined in Section § 164.514(a) of the HIPAA Privacy 
Rule. The process by which the data are de-identified is attested to through a 
formal determination by a qualified expert, as defined in Section § 164.514(b) 
[1] of the HIPAA Privacy Rule. This formal determination by a qualified expert, 
refreshed in December 2020, supersedes the need for TriNetX’s previous 
waiver from the Western Institutional Review Board (IRB). The TriNetX network 
contains data provided by participating HCOs, each of which represents and 
warrants that it has all necessary rights, consents, approvals and authority to 
provide the data to TriNetX under a Business Associate Agreement (BAA), so 
long as their name remains anonymous as a data source and their data are 
utilised for research purposes. The data shared through the TriNetX Platform 
are minimised to ensure that they do not include sufficient information to 
facilitate the determination of which HCO contributed specific information 
about a patient [20].

Consent for publication
Not applicable.

Received: 17 February 2023 / Accepted: 12 September 2023

References
1.	 Adler H, Gould S, Hine P, Snell LB, Wong W, Houlihan CF et al. Clinical features 

and management of human monkeypox: a retrospective observational study 
in the UK. Lancet Infect Dis. 2022.

2.	 Huhn GD, Bauer AM, Yorita K, Graham MB, Sejvar J, Likos A, et al. Clinical 
characteristics of human monkeypox, and risk factors for severe disease. Clin 
Infect Dis. 2005;41(12):1742–51.

Table 1  Demographic characteristics of the cohorts I (patients diagnosed with monkeypox since May 1st 2022 [“recent outbreak”]) 
and II (individuals diagnosed with monkeypox before May 2022 [“historical outbreaks”]) before and after matching for age distribution. 
SD = standard difference
Before propensity score matching

Cohort Mean ± SD N Patients % of Cohort P-Value SD
I
II

Age at Index 35.2 +/- 10.7
55.3 +/- 27.1

471
169

100%
100%

< 0.001 0.976

I
II

Female 36
99

7.6%
58.6%

< 0.001 1.287

I
II

Male 435
70

92.4%
41.4%

< 0.001 1.287

After propensity score matching
Cohort Mean ± SD N Patients % of Cohort P-Value SD
I
II

Age at Index 36.1 +/- 18.3
35.7 +/- 19.1

81
81

100%
100%

0.890 0.022

I
II

Female 13
41

16.0%
50.6%

< 0.001 0.788

I
II

Male 68
40

84.0%
49.4%

< 0.001 0.788

https://trinetx.com


Page 6 of 6Gaertner et al. BMC Infectious Diseases          (2023) 23:610 

3.	 Labate L, Brucci G, Ciccarese G, Bruzzone B, Ricucci V, Stefanelli F, et al. Nasal 
monkeypox virus infection successfully treated with cidofovir in a patient 
newly diagnosed with HIV. Int J STD AIDS. 2023;34(3):208–10.

4.	 Fabrizio C, Bruno G, Cristiano L, Buccoliero GB. Cidofovir for treating compli-
cated monkeypox in a man with acquired immune deficiency syndrome. 
Infection. 2023;51(2):519–22.

5.	 Hammarlund E, Lewis MW, Carter SV, Amanna I, Hansen SG, Strelow LI, et al. 
Multiple diagnostic techniques identify previously vaccinated individuals 
with protective immunity against monkeypox. Nat Med. 2005;11(9):1005–11.

6.	 Velavan TP, Meyer CG. Monkeypox 2022 outbreak: an update. Trop Med Int 
Health. 2022.

7.	 Kumar S, Subramaniam G, Karuppanan K. Human monkeypox outbreak in 
2022. J Med Virol. 2022.

8.	 Centor RM, Adalja A. Annals on Call - Monkeypox: should we worry about 
another pandemic? Ann Intern Med. 2022:OC1.

9.	 Kozlov M. Monkeypox outbreaks: 4 key questions researchers have. Nature. 
2022.

10.	 Beer EM, Rao VB. A systematic review of the epidemiology of human mon-
keypox outbreaks and implications for outbreak strategy. PLoS Negl Trop Dis. 
2019;13(10):e0007791.

11.	 Ogoina D, Iroezindu M, James HI, Oladokun R, Yinka-Ogunleye A, Wakama 
P, et al. Clinical course and outcome of human monkeypox in Nigeria. Clin 
Infect Dis. 2020;71(8):e210–e4.

12.	 Martin-Delgado MC, Martin Sanchez FJ, Martinez-Selles M, Molero Garcia JM, 
Moreno Guillen S, Rodriguez-Artalejo FJ et al. Monkeypox in humans: a new 
outbreak. Rev Esp Quimioter. 2022.

13.	 Thornhill JP, Barkati S, Walmsley S, Rockstroh J, Antinori A, Harrison LB et al. 
Monkeypox Virus infection in humans across 16 Countries - April-June 2022. 
N Engl J Med. 2022.

14.	 Mura C, Preissner S, Nahles S, Heiland M, Bourne PE, Preissner R. Real-world 
evidence for improved outcomes with histamine antagonists and aspirin in 
22,560 COVID-19 patients. Signal Transduct Target Ther. 2021;6(1):267.

15.	 Seeland U, Coluzzi F, Simmaco M, Mura C, Bourne PE, Heiland M, et al. 
Evidence for treatment with estradiol for women with SARS-CoV-2 infection. 
BMC Med. 2020;18(1):369.

16.	 Hertel M, Schmidt-Westhausen AM, Wendy S, Heiland M, Nahles S, Preissner R 
et al. Onset of oral lichenoid lesions and oral Lichen Planus following COVID-
19 vaccination: a retrospective analysis of about 300,000 vaccinated patients. 
Vaccines (Basel). 2022;10(3).

17.	 Bunge EM, Hoet B, Chen L, Lienert F, Weidenthaler H, Baer LR, et al. The 
changing epidemiology of human monkeypox-A potential threat? A system-
atic review. PLoS Negl Trop Dis. 2022;16(2):e0010141.

18.	 Chen N, Li G, Liszewski MK, Atkinson JP, Jahrling PB, Feng Z, et al. Virulence 
differences between monkeypox virus isolates from West Africa and the 
Congo basin. Virology. 2005;340(1):46–63.

19.	 [Available from: https://www.who.int/publications/m/item/multi-country-
outbreak-of-monkeypox--external-situation-report--4---24-august-2022.

20.	 McCollum AM, Nakazawa Y, Ndongala GM, Pukuta E, Karhemere S, Lushima 
RS, et al. Human monkeypox in the Kivus, a Conflict Region of the Demo-
cratic Republic of the Congo. Am J Trop Med Hyg. 2015;93(4):718–21.

21.	 Learned LA, Reynolds MG, Wassa DW, Li Y, Olson VA, Karem K, et al. Extended 
interhuman transmission of monkeypox in a hospital community in the 
Republic of the Congo, 2003. Am J Trop Med Hyg. 2005;73(2):428–34.

20.	 https://trinetx.com/trinetx-publication-guidelines/.

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

https://www.who.int/publications/m/item/multi-country-outbreak-of-monkeypox--external-situation-report--4---24-august-2022
https://www.who.int/publications/m/item/multi-country-outbreak-of-monkeypox--external-situation-report--4---24-august-2022
https://trinetx.com/trinetx-publication-guidelines/

	﻿Comparison of the risk of hospital admission, need for ventilation, sepsis, pneumonitis and death among the recent monkeypox outbreak and historical outbreaks
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Data Source
	﻿Data assessment
	﻿Allocation and matching
	﻿Primary and secondary outcomes
	﻿Statistical analysis

	﻿Results
	﻿Study population

	﻿Discussion
	﻿Conclusions
	﻿References


