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On July 23, 2022 the World Health Organization (WHO) has announced the Monkeypox disease (MPXD)
as a worldwide public health issue. This study conducts a systematic review and meta-analysis to
determine the overall case fatality rate (CFR) of MPXD worldwide during 1970-2022. The tenure-
tracked MPXD outbreaks associated with CFR were calculated based on available published data from
six different periods (i.e., 1970-79, 1980-89, 1990-99, 2000-09, 2010-19, and 2000-2022). A total of
229 peer-reviewed accessible articles were investigated, of which, 17 articles met the inclusion and
exclusion criteria. Most of the studies on MPXD CFR were published in the Democratic Republic of the
Congo (DRC) providing 47% of data for the current meta-analysis. The overall pooled CFR of MPXD was
4.14% (range: 0.62% - 9.51%) during 1970-2022. In this study, total of 379 death cases were found from
published MPXV based research articles where the pooled estimate CFR was 1.87%. The pooled CFR
was higher during the earlier outbreak of the MPXD such as 10.71% in 1970-1979. With the progress
of time, the CFR from MPXD followed a decreasing trend and reached 5.38% in 1980-1999 and 4.45%
in 2000-2022. Young male children aged< 10 years were found to experience the worst outcome with
a CFR of >73.0%. This is the first meta-analysis using 52 years of data which indicates that the CFR of
MPXYV is decreasing from previous years. The findings of this meta-analysis might be paramount for
the policymakers to tackle MPXD and minimize the overall CFR of MPXD through strategic actions.

Monkeypox Disease (MPXD), Monkeypox Virus (MPXV), Zoonotic Disease, Case Fatality Rate (CFR),

Systematic Review, Meta-analysis

Amid the ongoing COVID-19 pandemic
that has caused severe disruptions to global
health, economics, and communities due to
widespread infection and the emergence of
multiple new variants,** the world is now facing
a new threat due to the re-emergence of another
zoonotic infectious disease, the Monkeypox
disease (MPXD).5 Since May 2022, MPXD cases
have been reported in many countries in Europe,
North America, Asia, and Africa.® The ongoing
outbreaks and rapid spread of MPXD in more than
115 countries are observed as the largest spread of
this virus.” The case fatality rate (CFR) of MPXD can
inform specific interferences and the public health
scenario of this virus; the ratio of confirmed death
patients and diagnosed positive patients number
which is converted as a percentage.®

Monkeypox virus (MPXV) is
an encapsulated, double-stranded (ds)
deoxyribonucleic acid (DNA) virus, a member of
the Orthopoxvirus genus and Poxviridae family
together with the smallpox virus.>* Smallpox,
caused by the smallpox virus, has been eradicated
with an effective vaccinia virus-based vaccine
in 1980.'* MPXD, however, has resurfaced over
periods in tropical rainforest regions in Central and
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West Africa, with the majority of cases reported
from the Democratic Republic of the Congo.?
Historically, there are two clades of MPXV which
are the West African (WA) clade and the Congo
Basin (CB) clade.® However, a newly proposed
clade MPXV Clade 3 has been identified, which
originated from the 2017-t0-2019 and the most
recent 2022 outbreak.* The CFR is higher in the CB
clade (CFR up to 11%) compared to the WA clade
(CFR) <1%).%> The MPXD spreads by inhalation or
contact with bodily fluids, wounds, lesions, or
infected surfaces such as bedding and clothing.'%’
However, up to 30% of all MPXV infections are
asymptomatic.®® MPXD is less severe compared
to the smallpox virus with a mortality rate is less
than 10%.%

To understand disease epidemiological
characteristics, there are two key factors such as
RO (reproduction numbers) and CFR (Case fatality
rate).?>?* Analysis of CFR of MPXV will assist to find
out the epidemiological pattern.?*2* It remains as
an important tool to express the fatality of the
disease.”>?” The CFR of MPXD can inform specific
interferences and the public health scenario of
this virus; the ratio of confirmed death patients
and diagnosed positive patients number which
is converted as a percentage.® The children are
more vulnerable to MPXD and thus, the severity
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or fatality of MPXD is related to patient conditions
and comorbidities. The CFR of MPXD has been
reported to range from 0 to 11 % in the general
population and has been found higher among
young children. However, in recent times, the CFR
of MPXD has been around 3-6%.?

The CFR estimation of infectious diseases
has many drawbacks such as the reporting
period for case diagnosis.?®3° The most important
limitation of a CFR calculation is the detection of
true cases using active surveillance or testing.3! As
MPXV infection is self-limiting with similar clinical
characteristics of chickenpox, people usually do
not test the infection although the severe cases
are more likely to reach health settings and being
diagnosed.* Nonetheless, the lack of available
diagnostics made it difficult to diagnose.?”** Thus,
MPXD has been under-reported and under-tested
in the communities which leads to a relatively
lower denominator resulting in a higher CFR
estimation.?*

To overcome these limitations and biases
of the CFR calculation, in this study, we estimate
the average CFR for each study period (e.g., for
1970-1979, 1980-1989, 1990-1999, 2000-2909
and 2010-2019, and onwards up to 2022).* This
review based study aimed to present a systematic
review and meta-analysis of the published articles
to provide comprehensive updated information
on CFR of MPXD. We further studied the current
trend of MPXV infection throughout the world to
predict and identify countries having the highest
incidence of MPXD cases.*

The current systematic review and meta-
analysis scrutinized the published MPXD CFR data
obtained from previous research publications
using previously published search. We used the
standard method of the Preferred Reporting Items
for Systematic Review and Meta-Analysis Protocols
(PRISMA) 2009 for conducting this review study.?”

Based on the inclusion criteria, the search
strategies were operationalized. We searched
the Web of Science, PubMed, Google Scholar,
and Crossref databases for articles published up
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to October 2022.38 The search process has been
focused on the following terms: (CFR or case fatality
rate) and (monkeypox disease or monkeypox
virus). We used the following keywords for all the
databases: ("monkeypox disease" OR "MPXD"
OR “monkeypox virus" OR "MPXV" OR
"monkeypox") AND ("case fatality rate*" OR "case-
fatality rate*" OR "case fatality ratio*" OR "CFR"
OR "CFRs" OR "case fatality risk*" OR "case-fatality
risk*"). The documents' titles, abstracts, and
keywords have been scrutinized throughout the
present study. Furthermore, other characteristics
of the articles were under precise attention to be
chosen, such as having an acceptable quality level
and being peer-reviewed; however, the reports,
editorial materials, letters, and opinions written
only in English were considered. The present
research has included the papers published on
MPXV, MPXD, and CFR only. The search process
has mainly concentrated on reading the critical
sections of papers, such as titles and abstracts. The
significant challenges in the following purification
process were the ambiguity in papers’ titles,
keywords, abstracts, and their topic incorporation.
However, some addressed the environment and
included “MONKEYPOX” or its synonyms. The
situation was assigned to a temporal relationship
with the MPXD crisis rather than evaluating its CFR
impacts. During the data cleanup, some generic
terms such as human, humans, article, and study
were removed. By eliminating uninformative
terms, we improved the publications’ relationship,
which positively affected the clustering of the
results.!

The published research articles were
selected on the basis of reported CFR of MPXD
patients. The inclusion criteria for published
studies were i) laboratory diagnosis of positive
MPXD patients; ii) death cases confirmed with
MPX infection; iii) considered all countries in the
world, all age-groups; and the articles published in
the English language. In this meta-analysis study,
authors avoided the articles if they were: archive
articles, pre-prints (e.g., articles from bioRxiv,
Research square, SSRN, and Medrxiv), review-
based articles, letters to editorials and different
case reports, editorials, short communications,
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and specific groups with children, male, female,
or pregnant women. All the used data from the
scrutinized articles is available in Table S1.

Excluding all the duplicate and unrelated
articles, two authors blindly assessed the full
published articles after checking the article
titles and abstracts considering specific criteria.
The co-authors assisted to resolve any conflict
in this procedure of paper searching for MPXD
case fatality. 95% confidence intervals (Cls) were
computed for CFR using the Clopper-Pearson exact
method. A standard Microsoft excel form was
used for extracting all the required information
from articles including article title, authors name,
published year, journal name, DOI number, name
of the publisher, country name, study area, study
period, sample size, case fatality rates. We defined
MPXD as a disease caused by the MPXV. The CFR
is the ratio of MPXD-confirmed death cases and
MPXV-positive cases.

Preliminary searches identified 249
articles on the assigned searching criteria during
1970 to October, 2022 across all of the four
databases (Web of Science= 30, PubMed= 39,
Crossref= 31 and Google Scholar= 149) (Figure
1). Following all the exclusion and inclusion
criteria and the standard procedure, we extracted
only 17 published articles (Google Scholar= 10,
PubMed= 4 and Web of Science= 3). Among the
finalized 17 published research articles maximum
(47%) were published in the year between
2010-2022, followed by 11% during 2000-2009,
11% during 1990-1999, and 29% during 1980-1989
(Table 1). The selected 17 articles were published
from six different countries including DRC (n=8),
Nigeria (n=3), Republic of the Congo (n = 3), and
one article from Central African Republic, South
Sudan, and United Kingdom (each). DRC is the
country where major research on MPXD related
CFR were carried out throughout the study period,
and thus, contributed 47% of articles in this review
study (Table 1).

Journal of Pure and Applied Microbiology

Analysis of case fatality rate (CFR)

The pooled CFR for MPXD in the random-
effects model was 4.14% (95%Cl: 0.62%, 9.51%).
The pooled CFR of MPXD in different decades was
10.71% (95%Cl: 0.15, 29.31) in 1970-1979, 5.38%
(95%Cl: 2.32,9.31) in 1980-99, and 4.45% (95%Cl:
0.10, 12.36) in 2000-2022. There was a significant
variation of CFR between decades (P=0.05) (Figure
2, Table 2). The lowest CFR (4.14%) was reported
in 2000-2022, while the highest CFR 10.71% was
found during 1970-1979 (Figure 2). There was a
1.21-fold decreasing trend of CFR during 1980-
1999 and 2000-2022 (i.e., from 5.38 to 4.14%)
(Figure 2). Beyond 1999, again there was a slight
decreasing to 2022 (Figure 2).

Data on the gender and age of confirmed
cases of MPXD, and/or possible CFR are presented
in Figure 3. The distribution of CFR in MPXD
based on gender and age were available in nine
studies. A total of 379 deaths were recorded in
these studies, and the pooled CFR in these studies
was 1.87%. The country-wise CFR estimation
of MPXD cases revealed the highest CFR in the
Central African Republic (23%) followed by DRC
(10%), Nigeria (5%) and Republic of Congo (2%)
(Table 2). All the 379 deaths from MPXD reported
in this study occurred in the African countries
(which had>20000 confirmed cases of MPXD).
However, only one death case was found to be
reported outside the African countries (i.e., United
Kingdom). The gender and age-related differences
in the male to female MPXD-associated deaths
and corresponding CFR is depicted in Figure 3. The
pooled CFR in males was 73.33% (95%Cl: 15.51,
80.60) whereas 26.67% (95%Cl: 5.76, 30.44) was
estimated for females (Figure 3A). According to this
study results it is established that younger children
(<10 years) affected severely by this virus, and the
CFR was 76.47% (95% Cl: 8.56, 92.30)(Figure 3A).
People aged between 10-20 years however had
the lowest pooled CFR (7.35%) (Figure 3B).

It is well established that all estimates
obtained from modeling studies are considered to
be at a high risk of bias due to the heterogeneity
and difficulty in rating respective studies for
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accuracy. Therefore, to avoid risk of bias we
performed random effect analysis. The result from
the random effects meta-analysis is also presented
in Figure 4. Overall, the aggregated estimate (ES)
across all 15 studies of the five periodic subgroups
indicated an overall CFR of 4.14% (95% Cl 0.62,
9.51). Heterogeneity between studies was found
to be moderately high (12 statistic = 89.51% and
Cocharn'e Q statistic=152.47, P = 0.05) (Figure 5).

The recent re-emergence of the MPXD
in multiple non-endemic countries beyond
African territories has created an international
public health emergency.® In this systematic
review 17 articles identified on CFR of MPXD. We
identified one article on MPXD CFR published in
2020 from the United Kingdom, complying our
search criteria.*® Our review identified total 379

deaths confirmed with MPXV infection giving rise
to crude CFR of 1.87% while the random effect
model estimated an overall pooled CFR of 4.1%.
The males had higher risk of dying from MPXV
(765 vs. 26.7%) while children belonged to <10
years had the greatest risk of dying from MPXV
infection (76.4%). Central African Republic (23%),
DRC (10%), and Nigeria (5%) experience a higher
CFR.%

This study showed a divergence in the
MPXV CFR in different time frame that indicates
a higher CFR at the very beginning of the first
emergence of MPXD (highest CFR of 10.71% during
1970-1979).7%34243 | ater on, there was a gradual
declining ratio up to 1999. With the increasing
number of MPXD outbreak in recent years in Africa
and outside of Africa,® we also found an increasing
rate of CFR in the last two decades (from 2000 to
onwards).* The reason why CFR cases has changed
in different study period is not clear to us, but the

Records identified through databases Reference
= -
S searching searching
S PubMed (n=39) (n=3)
’Ié Web of Science (n= 30)
KT Google Scholar ( n=149)
= Crossref (n = 31)
— A
Records after duplicates removed
= (n =64)
=
(7]
e J, Records excluded:
wv , screened following the
Titles and abstracts screened B R ion andlecduaon
— (n =64) criteria
(n =45)
g = Full-text articles
2 Full-text articles assessed for excluded:
io eligibility Studies did not actually
(n=19) calculate CFR.
_— (n=2)
v
= e ; - A
b= Studies included in qualitative synthesis (meta-
= analysis)
- (n=17)
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Table 2. Effect size and test of heterogeneity for the case fatality rate (CFR) by decades

Statistics Decade Test for Overall
Subgroup
Up to 1979 1980-99 2000-19 differences
Effect Size (95% Cl) 10.71 5.38 4.45
(0.15,29.31) (2.32,9.31) (0.10,12.36) 5.94 4.14
(p-value =0.05)  (0.62, 9.51)
12 statistic 89.51%
Cochran's Q statistics 152.47
n (sample=17) 2 5 10 17
500 12
450 10.71 434
10
400
v 350
% 8
g 300 8
T 250 6 U
& 9]
w 200 g
§ 150 4
6]
100
2
50
0 0

1970-79 1980-89 1990-99 2000-09 2010-22
Decades

mm Cases mmmm Deaths — Effect Size

Figure 2. Monkeypox disease (MPXD) cases and case fatality rates (CFRs) throughout the study period (i.e., from1970
to 2022). No published article on MPXD CFR was found during 2020 to 2022, and thus not included in the graph

80 - mDeaths mCFR

90 1 mDeaths mCFR
70 A 80 A
& 60 - 007
(] @ 60
c c 50
3 40
o o 40 -
Q. Q.
B 30 < 50 |
© 20 °
g g 0
10 A 10 A
0 - 0 -
Male Female <10Yr 10-20 Yr >20Yr
A Gender B Age

Figure 3. The pooled case fatality rate (CFR) of Monkeypox disease (MPXD) according to gender and age groups.
(A) The pooled CFR of MPXD in according to gender (male and female), and (B) The pooled CFR of MPXD in according
to age groups (i.e., < 10 years of age, 10-20 years of age and > 20 years of age)
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development on detection technology, increase
awareness about the disease and the development
in reporting system might have an effect.

So far, majority of MPXD outbreaks
were recorded in African (primarily West and
Central) countries,* therefore, we found the
highest number of published articles in the DRC
and Nigeria. We found that MPXD was more
prevalent in four African countries (e.g., DRC,
Nigeria, Central African Republic, and South Sudan)
and as well in the United Kingdom. The country-
wise CFR estimation revealed the highest CFR of
MPXD in the Central African Republic followed
by DRC and Nigeria. Our analysis revealed that

male cases of MPXD occurred more frequently
than female cases in which gender information
were available. Moreover, most deaths due to
MPXD infection found in this review are among
male patients with concurrent increased CFR.
In a recent retrospective observational study in
the UK,*® higher CFR of human MPXD has been
reported in males compared to females supporting
our review findings. Besides CFR differences
in gender, the present meta-analysis revealed
a significant difference in CFR in the people at
age group younger than 10 years and older (>
20 years). Our systematic review and meta-
analysis analysis shows that in throughout the

Study and Year ES (95% CI) Location
1
Up to 1979 1
Breman et al., 1980 | —— 21.05 (11.07, 36.35) Democratic Republic of the Congo
Breman et al., 1980 > 0.00 (0.00, 79.35) Nigeria
:
1980-99 '
Jezek et al., 1986 —— 20.00 (3.62, 62.45) Democratic Republic of the Congo
Jezek et al., 1988 : > 9.76 (7.04, 13.39) Democratic Republic of the Congo
Jezek et al., 1988 -— 8.79 (4.52, 16.40) Democratic Republic of the Congo
Hutin et al., 1997 - 3.70 (1.27, 10.33) Democratic Republic of the Congo
Mwanbal et al., 1997 L— 3.26 (1.12, 9.15) Democratic Republic of the Congo
l
2000-19 .
Nakouné et al., 2017 | —— 23.08 (8.18, 50.26) Central African Republic
Meyer et al. 2002 | —— 16.13 (7.09, 32.63) Democratic Republic of the Congo
Nolen et al., 2016 : — 25.64 (14.57, 41.08) Democratic Republic of the Congo
Ita et al., 2019 — 0.00 (0.00, 20.39) Nigeria
Yinka-Ogunleye et al., 2019 > 4.97 (2.64,9.18) Nigeria
Learned et al., 2005 +I— 9.09 (1.62, 37.74) Republic of the Congo
Doshi et al., 2019 —— 13.64 (4.75, 33.33) Republic of the Congo
Mandja et al., 2022 1.52 (1.35, 1.70) Republic of the Congo
Formenty et al., 2010 l 0.00 (0.00, 16.82) South Sudan
Vaughan et al., 2020 1 0.00 (0.00, 79.35) United Kingdom
|
L geneity b groups: p = 0.051 :
Overall (12 = 89.51%, p = 0.00); O 4.14(0.62, 9.51)
|
; | —
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study period (1970-2022), MPXD was primarily a
disease of young children, with highest pooled CFR
(76.47%) at an age presentation of 1-9 years old
(< 10 years old). Regarding age at death in MPXD
cases, 100% of deaths were in children <10 years
of age corroborating with the results of many of
the previous studies.’ These data appear to be
consistent with the global intensified spread of
MPXD infections and concurrent severity among
children. Interestingly, lowest pooled CFR (7.35%)
of MPXD were found in people at 10 to 20 years
of age.¥’

In a systematic review and meta-analysis
of global MPXV case hospitalization rate (CHR) is
observed as 49.8% (28.2-74.0, 12 81.4%), 21.7%
(7.2-52.1, 12 57.7%) during outbreak time and
5.8% (3.2-9.4, 12 92.4%) during the pre-2017,
2017-2021, and 2022 outbreaks, respectively. Case
fatality rate (CFR) was found as 0.03% (0.0-0.44, 12
99.9%) from 19 studies out of 259 including 7553
reported case and 555 hopitalized cases.*4°

We also found moderately high (36.0 to
59.0%) heterogeneity in CFR among the selected
studies using two different statistical analyses; 12
statistic and Cocharn'e Q statistic) corroborating

with the results of several the earlier studies.*®
In several recent meta-analysis on the global
case fatality rate of Ebola and COVID-19 higher
heterogeneity in CFR among the selected studies
were reported supporting our present findings.»*4
Thus, highly organized and developed, depth
research analyses are needed to find out the
effects various factors related with fatality of
MPXD. Although, there is very limited information
on incubation time, the disease severity, host
immunity, and the existence of the disease are
all determined by the route of viral entry, with
infection via wild animal bites taking less time
than others. In order to better understand how
this virus spreads, additional research is needed
about natural animal reservoirs and the evolving
and changing epidemiology of the virus.?**>*

Overall, 17 relevant articles were screened
for comprehensive data extraction. However, there
are also some limitations hardly could avoid. So
this is an important limitation. Research articles
focusing MPXV might be published in French
language as DRCis a French speaking countries and
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this study has no such studies.> The limitations
of our current study are lack of enough published
articles from a varying area of the world, and
estimated CFR for these areas might not proper.>
The original scenario of CFR and MPXD may
differ due to awareness of people about the
disease, so on which stage people visit doctor,
clinical investigation methodology, registration
systems, variability individual migrations, different
environment, and mobility, behavior and habits,
economic and lifestyle, and cultural conditions—
which may affect MPXD mortality and incidence
by acting as confounders.>*>

Monkeypox is a re-emerging viral disease,
which transmits in multiple countries with a
potential to become an epidemic. Seventeen out
of 229 peer-reviewed articles were selected for
this meta-analysis based on the rigid inclusion-
exclusion criteria. The pooled CFR of MPXD was
higher (> 10.0%) in the first decade (1970-1979)
of its emergence in 1970. We also found an
increasing trend of CFR (> 6.0%) during last two
decades (1990-2022). The pooled CFR of MPXD
was higher in African countries (e.g., Central
African Republic, DRC and Nigeria) compared to
non-African countries. Young male children of at
< 10 years of age were most susceptible to MPXD
severity, with higher deaths and concurrent pooled
CFR (> 73.0%) compared to other age groups.
The random-effects model showed a CFR of more
than 4.0%. Our study emphasizes that CFR in
MPXD cases is not a fixed or static value, rather
it is in a further increasing trend (since 1999) in
the recent years. We observed that MPXD related
CFR could vary according to study periods and
demographic characters (region, country, age,
gender etc.). The findings of this review will help
researchers, academicians, health professionals,
and policymakers to minimize the fatality rates
and risk of MPXD by taking strategic actions
and precautions against MPXD. The findings of
this comprehensive study could be useful for
an appropriate policy decisions to tackle the
potentially epidemic MPXD.
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