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Abstract

Introduction: Since May 2022, an unusually large number of new
monkeypox infections-a previously rare viral zoonotic disease, mainly reported from
central and western Africa has been reported globally, and the World Health
Organization (WHO) declared a global health emergency in July 2022. We aimed to
systematically review the monkeypox virus epidemiology, pathogenesis,
transmission, presentations, and outcomes.

Methods: Our aim is to systematically review the epidemiology,
pathogenesis, manifestations, and outcomes of Monkeypox disease. We searched the
keywords in the online databases of PubMed, Embase, Scopus, and Web of Science
and investigated all English articles until December 2022. In order to ascertain the
findings, this study adheres to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) checkilist. In order to optimize the quality, this review
study benefits from the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) checklist. To minimize any probable bias risk, we utilized the
Newcastle-Ottawa Scale (NOS) risk assessment tool.

Results: The most prevalent symptoms were rash and fever. The infection
was accompanied by different complications such as, but not limited to, encephalitis
(mainly in children), septicemia, bacterial cellulitis, retropharyngeal and
parapharyngeal abscesses, etc. A wide range of hospitalization from 3.7% to 100%
has been reported. The mortality rate ranged from 0% to 23%, which mainly
occurred in infants and children. High mortality of the monkeypox rate was reported
among pregnant women. The mortality rate of monkeypox is lower among women
and those who received the smallpox vaccine compared to men and those who did
not receive the vaccine. A wide range of the overall second-rate attack was reported,

which is more pronounced in unvaccinated patients.



Conclusion: In our systematic review of 35 studies on monkeypox, we cast
light on the existing evidence on its epidemiology, pathogenesis, manifestation, and
outcomes. Further studies are needed to elucidate the natural history of the disease

in various patients’ population, as well as detailing the monkeypox attack rate.

Keywords: Monkeypox; Monkeypox virus; monkeypox infections;

Epidemiology, Pathogenesis, Manifestations.

Pe3ome

Beegenune: C mas 2022 roma BO BCEM MHpE OBUIO 3apErMCTPUPOBAHO
HEOOBIYHO OOJIBIIIOE KOJMYECTBO HOBBIX CIY4YaeB 3apa)K€HUS OCION 00e3bsiH —
paHee pelKoil BUPYCHOM 300HO3HOM 00JI€3HBIO, B OCHOBHOM 3apETUCTPUPOBAHHON
B llenTpanbHoii u 3anagnoit Adpuke, a B utose 2022 roga BcemupHas opranuzarus
3npaBooxpaHeHuss (BO3) oObsiBWiIa TII00ATBHYIO YpE3BBIYANHYIO CHUTYalUIO0 B
oOnactu 3apaBooxpaHeHusd. llenp Hacrosmed paboOThl OBLUIO MPOBEACHHE
CUCTEMATHUYECKOE aHaiu3a MO DJIHJIEMHOJIOTMH, TaTOTeHe3a, Mepeayu,
MPOSIBJICHUM U UCXOJIOB BUPYCa OCIBI 00E3bsH.

Mertoapl:  cHUCTEMaTHYeCKHMH  0030p  SMUACMHUOJIOTHH,  TATOTCHe3a,
MPOSIBICHUA M HMCXOAOB 3a00JICBaHUS OCTOW 00€3bsiH, JJIsI 4ero OBLI MPOBEICH
MOKMCK MO KJTIOUEBBIM CJIOBaM B OHJIalH-0a3ax nanHbeix PubMed, Embase, Scopus u
Web of Science, 1 u3yueHbl BCE CTaThbl HA aHTJIMUCKOM SI3BIKE, OMyOJIMKOBAaHHBIC
no gaekadps 2022 roma. B memsx onTtuMu3alUu  KadyecTBa HCMOJIb30BaJICs
KOHTPOJBHBIN  cnuCOK  «lIpenmodyTuTenbHble  3JE€MEHTBHl  OTYETHOCTH IS
CUCTEMATHYECKUX 0030poB W MeTa-aHanm3oBy» (PRISMA). Jlns mMuHuM#3anuu
MOTEHIIUAJIBHOTO PHUCKA CUCTEMATHUYECKHUX OIIMOOK MBI KMCIOJIB30BaJd OICHKY
pucka 1o mkane Hprokacna-OtraBsl (NOS).

Pesynbrate: Hanbosnee pacnpocTpaHEHHBIMH CUMITOMAMHU OBUIHA CHITIb |

nuxopanka. MH}pekus conpoBoxkaanach pa3IMUYHBIMU OCJIOKHEHUSIMHU, CpeIu



MPOYEro TMpPEACTABICHHBIMU HHIE(haTUTOM (MPEUMYIIECTBEHHO Yy  JIeTel),
CENTUIIEMUEH, OaKTepraIbHBIM HEJUTIOJIUTOM, 3arJI0TOYHBIMU u
napadapunreanbapiMu abcuieccamMu u Ap. CoolImanoch O MIKUPOKOM JIHAara3oHe
rociutanuzanuii ot 3,7% a0 100%. YpoeHb cMepTHOCTH Kojebancs ot 0% 1o
23%, mpeuMyIIecTBEHHO cpeau MiajeHiieB u aeteil. CooOIamoch O BBICOKOM
CMEPTHOCTHU OT OCITbI 00€3bsH Cpeid OEPEMEHHBIX KEHIIUH. Y POBEHb CMEPTHOCTH
OT OCIIbI 00€3bSIH HUKE CPEIM KEHIIUH U TeX, KTO MOJIYYWI BaKIIMHY OT OCIIbI, O
CPaBHEHHIO C MYXXYMHAMH W HEBaKIMHUPOBAaHHBIMH Jumamu. CooOmamoch o
IIMPOKOM JMana3oHe oOOWIel JIONOJHUTENbHOM BCHBIIIKH, KOTOopas Ooiee
BBIPQKEHA Y HEMPUBUTHIX MAIUEHTOB.

3akmoueHue: B HacTosiieM cucTeMaTHdeckoM 0030pe MpOaHaIu3HpPOBAHBI
35 uccnenoBaHuil ocnibl 00€3bsiH, MO3BOJUBLINX MPOJIUTH CBET Ha UMEIOLIHECS
JTaHHBIE O €€ AMHIEMUOJIOTUH, TTATOTeHEe3€e, MPOSABIICHUAX U ncxoaax. HeoOxoaumsl
JaJbHENIINE UCCIIEOBAHMS 1JIsl BBIICHEHUS! €CTECTBEHHOIO TEUEHUS 3a00JI€BaHUS
y Pa3IMYHbIX TPYMIN MAIMEHTOB, & TAKXKE JIETATU3alMA YaCTOThI 3aPasKEHUs OCTION

00€3bsH.

KuroueBbie cioBa: Ocna 00€3bsiH; BUPYC OCIHbl 00€3bsiH; HH(EKIHH,

BBI3BaHHBIC OCITOM 0663BHH; 9HI/II[€MI/IOJ'IOFI/I$I, MaTOrcHes, MMposIBJICHHAA.
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1. Introduction

Monkeypox virus-an enveloped double-stranded DNA virus with linear
genome, from the Orthopoxvirus genus of the Poxviridae family- was first
discovered in 1958 in Denmark after two outbreaks of rash disease occurred among
monkeys that were kept for research purposes (1). The first known human infection
was diagnosed in the Democratic Republic of the Congo (DRC) in 1970 amid the
latest phase of intense smallpox eradication programs in Africa (2). Despite its
nomenclature as “monkeypox”, the primary source is unknown and rodents or non-
human primates-including monkeys-are mainly considered the possible source for
the spread of the disease (3, 4). Monkeypox was primarily known as a rare zoonotic
disease specifically reported from forested regions of central and western Africa,
with almost all cases spreading from animals to humans. Since its acknowledgment
as a human pathogen, in the twentieth century confirmed cases of the disease have
been reported in 11 African countries, and later, some self-restrictive human
outbreaks occurred inside and outside Africa as follows; The Republic of Congo in
2003 (6 cases), the US in 2003 (70 cases), South Sudan in 2005 (9 cases), Nigeria in
2017 (200 cases) (5-8) but approximately all diagnosed cases outside Africa reported
a travel history or a close link to this continent.

Additionally, according to the World Health Organization (WHO) reports in
the first two decades of the 21st century the quantity of mmonkeypox suspected
patients was estimated to be approximately 18000 cases in DRC, and between 2020
to May 2022 around 10,545 possible cases and 362 associated mortalities have
occurred in DRC (9). The most common transmission mode was via physical contact
with an infected animal’s body fluids, cutaneous or mucosal lesions, respiratory
aerosol droplets, and even their meat or corpse (10). In addition, human-human
infection can also occur via respiratory secretions, cutaneous lesions, or

contaminated objects (8).
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Since May 2022-in the absence of travel histories or direct links to the
endemic countries-an unusual large quantity of monkeypox new cases has been
reported, and unfortunately, due to the ascending numbers of new cases WHO
declared a global health emergency on July 23 2022. According to the WHO report
on August 10 2022, 27814 laboratory-confirmed cases of monkeypox and 11 deaths
have been reported in 89 countries/territories/areas (11). Confirmed cases were from
all six WHO regions as follows; 375 cases and 7 deaths in Africa, 10 815 cases and
1 death in region of the Americas, 31 cases and no deaths in Eastern Mediterranean
Region, 16495 new cases and 2 deaths in European region, 13 cases and 1 death in
South-East Asia Region, and 85 cases and no deaths in Western Pacific Region (11).
Of the aforementioned cases that had available data (73%), interestingly, 99%
(16,839/17,052) are males, with a median age of 36 years. Monkeypox, affects males
between the age of 18 to 44 cases disproportionately, as they account of 77% of
cases, and less than 1% (98/17 426) of cases were between 0-17 years (11). With
known sexual orientation, 60% (1214/2025) identified themselves as gay, bisexual
and other men who have sex with men. In addition, in cases with known HIV status,
39% (3204/8234) were HIV positive. Also, among the reported cases, 33%
(7741/23290) had available information on sexual orientation, and of these, 97%
(7541/7741) identified themselves as gay, bisexual, and other men who have sex
with men. In addition, among cases with available information, 91% (4856/5315) of
patients reported transmission through sexual contacts (11). This has risen,
worldwide concerns about possible alterations in the disease’s mode of transmission
and virulence (8).

Monkeypox can cause a spectrum of pox-like signs and symptoms with a
milder fashion, a better prognosis, and rare mortalities. The most common signs and
symptoms were described as generalized myalgia, headache, fatigue, back pain, and
lymphadenopathy followed by a generalized centrifugal rash -which could occur on
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the face (in 95% of cases), palms, and soles (in 75% of cases), eyes (in 20% of cases),
mouth and throat mucous membranes (in 70% of cases), groin, and genitals (in 30%
of cases) — that takes 2-4 weeks to resolve without any critical intervention(4). In
this outbreak, widespread rash, fever, and genital rash have been reported in 81%,
50%, and 41% of cases respectively (8).

In regards to the prognosis of the current outbreak as of the beginning of
2022,73 mortalities have been reported in Africa (endemic region), while 11 deaths
have occurred among 27814 cases reported by WHO on August 10 2022 (11). Due
to its unusual rapid spread, which could be due to the waning efficacy of smallpox
vaccinations worldwide, and the declared global health emergency, this virus has
provoked global concerns amid the catastrophic ongoing COVID-19 pandemic, and
people are afraid to fall into another disastrous high-burden pandemic. Therefore,
we aimed to systematically review the currently available literature on the
monkeypox virus, and shed light on changes in its epidemiology, pathogenesis,
transmission, presentations, and outcomes.

2. Methods

The mission of this comprehensive study is to systematically review current
literature pertaining to monkeypox disease in terms of epidemiology, pathogenesis,
manifestations, and outcomes. In order to ascertain the findings, this study adheres
to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) checklist.

2.1. Data sources

Online databases of PubMed, Embase, Scopus, and Web of Science were
considered as sources of data. We browsed the keywords in these databases and
inquired all English literature up to December, 2022. The following is a prototype
of search strategy we applied in PubMed by using Medical Subject Headings
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(MeSH). Search strategy of other resources is included in Supplemental material
1. The acronyms “ti” and “ab” stand for “title” and “abstract” respectively.

("Monkeypox*[mesh] OR "Monkeypox virus“[mesh] OR Monkeypox[tiab]
OR Monkey Pox[tiab] OR chimpanzeepox[tiab] OR monkey orthopoxvirus[tiab]
OR simian orthopoxvirus[tiab] OR Simian pox virus[tiab])

2.2. Study selection

We selected the literature in two steps. First, a group of five researchers
screened and initially selected the studies based on pertinence of titles and abstracts.
At the next step, seven researchers got through the full texts of these primarily
selected studies. The fitting publications fulfilling the eligibility criteria of the study
were opted in to advance to the next steps.

Being original, written in English language, peer reviewed prior to acceptance
for publication were considered items of inclusion criteria for this study.

Studies in progress but without published data, non-human studies, duplicated
publications, review papers, abstracts without available full texts, conference
abstracts, editorial letters, case reports, and case series were excluded from our
study.

2.3. Data extraction

Once the second step of selection process finalized and appropriate
publications were included seven researchers explored the full texts and extracted
the requisites for our study. These requisites consisted of first author’s ID
(reference), year and country of publication, type of studies, study population,
gender and mean age of population, prevalence of disease, type and route of
diagnostic testing, observed signs and symptoms, mortality rate, and summary of
findings. Table 1 shows this data. To avoid any remaining duplications and overlaps
the finally selected publications and extraction were checked out by other team

members.
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2.4. Quality and risk of bias assessment

In order to optimize the quality, this review study benefits from the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checkilist.
To minimize any probable bias risk, we utilized the Newcastle-Ottawa Scale (NOS)
risk assessment tool (See Table 2). Worthy to mention that a total score of nine in
three categories is calculated in this numerical bias assessment tool. These three
categories include selection, comparability, and exposure/ outcome. Numerical
values of four, two, and three are attributed to these categories respectively.

3. Results

In the present review, the initial search identified a total of 5010 potential
papers; after duplicates were removed, 2133 articles remained, and the titles and
abstracts were reviewed for inclusion, leading to retrieval of 593 papers for
assessment. An additional of 514 papers was excluded in the full-text screening
stage, leaving a final pool of 79 papers that met inclusion criteria for the final review.
Ultimately, after full-text papers were evaluated for selection criteria, 35 studies
were included in our systematic review (Figure 1).

The included studies were performed mostly in Democratic Republic of the
Congo (DRC) (n=14), followed by the USA (n=6), Zaire (n=4), Nigeria (n=3),
Liberia (n=1), Sierra Leone (n=1), UK (n=2), Central African Republic (n=1),
Portugal (n=1), Sudan (n=1), and Spain (n=1). Review of these studies revealed that
rash, fever, chills, nausea, lymphadenopathy, mouth ulcer, sore throat, headache,
pruritis, fatigue, sensitivity to light, and malaise are the most common symptoms of
human monkeypox. The most prevalent symptoms are rash (ranging from 31% to
100%) and fever (ranging from 43% to 100%). The diagnosis was made using
different assays, including PCR (mostly used), IHC, ELISA, culture, electron
microscopy, western blot, hemagglutination-inhibition assay, radioimmuno-assay
(RI1A), and the RIA adsorption.
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The rate of hospitalization varied between 3.7% and 100%. A number of
complications following the infection were reported including, but not limited to,
encephalitis (mostly in children), septicaemia, bacterial cellulitis, retropharyngeal
and parapharyngeal abscess, mouth ulcers, corneal scar, keratitis, unilateral
conjunctivitis, Bronchopneumonia, and pulmonary distress.

The mortality rate was between 0% and 23%. Jezek et al observed no deaths
in vaccinated group and 27 (11%) deaths among 250 unvaccinated patients. All
deaths happened in patients aged between three months and eight years . The case-
fatality rate was twice in patients aged 0-4 y compared to patients aged 5-9 y. The
majority of deaths (55%) was occurred during the second week of the disease (12).
Pittman et al. reported the mortality rate of 80% (4 out of 5) among pregnant women
(13).

The incidence rate of the infection was lower among women compared to
men. Moreover, the incidence rate of the infection was lower among those who
received smallpox vaccine compared to those who did not receive the vaccine (14,
15). Several studies have investigated the attack rate of the virus. Jezek et al.,
evaluated second attack rate among 245 patients infected from an animal source.
The overall second attack rate was 3%, which was more prominent in unvaccinated
household contants and those aged 0-4 years (16). In another study, Jezek et al.,
found the attack rate of 7.2% and 0.9% for unvaccinated and vaccinated patients,
respectively (17). However, later, a study showed much higher household attack rate
(50%) (18).

Figure 1 -PRISMA 2020 flow diagram of study retrieval process

Table 1. Description of the findings reported in eligible studies

Table 2. Newcastle-Ottawa Scale (NOS) bias risk assessment of the study

4, Discussion
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The rapid increase of monkeypox cases around the globe forced the World
Health Organization (WHO) to declare it an outbreak to Immerse prompt attention
toward this matter (46). This rapid spreading demands preparation and collaboration
at different levels, such as diagnosis, therapeutic, and preventive care to avoid
another potential pandemic's emergence (47). Herein, we tracked the course
Monkeypox since its discovery to deliver a picture of its pattern over time.

Epidemiology

Since the first discovery of Monkeypox infection in humans in 1970, concerns
have never been more profound, as it was particularly recognized to be endemic to
West and central African countries(48). and contrary to the current outbreak,
mmonkeypox was rarely observed outside the African continent (49). As of
December 7, 110 countries have confirmed Monkeypox infection, accounting for
more than 82,000 diagnosed cases. Almost 99% of incidents occurred in locations
with no history of reported mmonkeypox (50).

The incidence of monkeypox infection was significantly higher among men
than women in our review. This is aligned with other studies: Bunge et al. evaluated
that the presentation of monkeypox is 50 folds higher in males than females in most
outbreaks in Africa and outside (51). A systematic review by Beer et al. has also
represented that 18 of 26 studies reported more frequency of male cases than female
(52). On the other hand, the transmission of disease through sexual contact in this
outbreak has been relatively higher than in previous ones, mainly in men with
homosexual behaviors (53). Tarin-Vicente EJ et al. recorded that 92% of patients
were gay, bisexual, or men who had sex with other men, and most of them had no
contact or recent travel to the endemic regions (54).

Smallpox vaccination status

The resurgence of monkeypox provoked controversies about the reasons
behind it. One contributing factor in the post-smallpox era is the cessation of
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vaccination and declining efficacy of the vaccine (Vaccina virus) in the older
generation, which was held accountable for having a cross-protection against
mmonkeypox (55). An increase in the average age of cases in DRC (Democratic
Republic of Congo) can support this hypothesis (56). Bragazzi et al. reported that in
endemic African and non-endemic regions, the incidence rate of monkeypox
infection in smallpox-vaccinated subjects was significantly lower than in
unvaccinated ones (57). This is in line with the result of this article. Worth
mentioning that one Italian case in his 30s was affected by monkeypox despite being
vaccinated for smallpox (58).

Presentation

The characteristic features of monkeypox resemble smallpox. However,
smallpox symptoms are often more severe, and lymphadenopathy is generally absent
(59). The most prevalent symptoms described in reviewed articles are rash and fever,
ranging from 31-100 and 43-100 percent, respectively. However, other symptoms
were reported, such as lymphadenopathy, chills, nausea, mouth ulcer, headache, sore
throat, pruritus, fatigue, and light sensitivity. Different studies claimed the atypical
manifestation of monkeypox in the current outbreak (2022). Although the rash is
still present, the involved areas are more localized and limited, with mild or absent
prodromal symptoms, including lymphadenopathy, fever, and often other non-
specific symptoms such as headache, malaise, and muscle pains (60, 61).

Complications

The rate and time frame of developing complications in monkeypox-infected
individuals have not been scientifically determined (62). Yet, a rare portion of this
community can be affected by complications such as conjunctivitis/keratitis,
bacterial superinfection, encephalitis, and pneumonitis(63, 64). As anticipated, the

reported complications in reviewed articles are in line with previous works.
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Moreover, septicemia, pharyngeal abscesses, and corneal scars have also been
reported.

Case Hospitalization Rate (CHR), Case Fatality Rate (CFR), and attack rate

Dewitt et al. systematically reviewed monkeypox-related studies from 1950
to 2022. As they declared, Combined CHR was estimated to be 14.1%. Additional
analysis during the pre-2017, 2017-2021, and 2022 outbreaks indicates CHRs of
49.8%, 21.7%, and 5.8%, respectively. CFR was estimated to be 0.03%. However,
studies have high levels of heterogeneity (65). The CHR ranged from 3.7% to 100%
within our research articles. Also, the CFR was between 0% and 23%. However, in
one report, all the demises were under eight years old, with a majority rate in the
second week of the disease (66).

The attack rate of the monkeypox virus was significantly higher in
unvaccinated individuals. Previous studies achieved different attack rates in the
period of each outbreak. For instance, it estimated 9-12% of unvaccinated contacts
within households in the Africa outbreak; thus, in the US outbreak, it was 0% (67,
68). Although some epidemiological links between cases are reported, no
transmission with non-sexual contacts has been yet documented in this outbreak
(69).

Contagiousness and severity of any infectious disease can alter by genetic
evolution. Only 2 known clades of monkeypox are responsible for all cases (46)
Although it is a gray area and needs further investigation, some studies have shown
that genetic variations might intensify the disease's transmissibility (70).

Strengths & Limitations

Our work faces the inherent limitations of all systematic reviews, which
include the risk of selection bias, attrition bias, and selective outcome reporting as
well as clinical or statistical heterogeneity. In order to mitigate such risks, we
diligently followed the PRISMA guidelines for systematic reviews, and we
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quantified the risk of bias using the Newcastle-Ottawa Scale (NOS) risk assessment
tool. In this way, we were able to provide an updated, comprehensive, systematic as
well as methodologically solid overview of the current literature on our chosen topic.

Suggestions/Future implications

It is of outmost importance — especially in high-risk countries — to early detect
and promptly diagnose individuals infected by the monkeypox virus. Future
implications of our work will hopefully pave the way for large population studies
aimed at defining the incidence, prevalence, and attack rate of the infection on a
more granular as well as extensive level. Further investigations are also required to
elucidate symptoms onset and pathophysiology of the infection in different age, sex,
and socioeconomic strata of the population, as well as in patients with pre-existing
comorbidities and specific viral infections (e.g., HIV, HBV, HCV, etc).

Conclusion

In conclusion, we performed a systematic review of 35 published studies on
the epidemiology, pathogenesis, manifestations, and outcomes of monkeypox. We
elucidated the most common symptoms as well as complications, amongst which
death usually occurs during the second week of the disease manifestation. Further
studies are needed to elucidate the natural history of the disease in various patients’
population, as well as detailing the monkeypox attack rate.
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Table 2. Newcastle-Ottawa Scale (NOS) bias risk assessment of the study

al. (45)

. Selection (out of Comparability (out Exposure/Outcome (out Total
ID First author 4) of 2) of 3) (Out of 9)

1 --(19) 4 2 3 9
2 CDC(20) 4 2 3 9
3 CDC(21) 2 1 2 5
4 Kurt D. Reed et

al.(22) 4 1 3 8
5 LD. Nolen et al.(23) 3 2 2 7
6 H. Adler et al.(24) 3 2 3 8
7 J. G. BREMAN et

al.(25) 3 2 3 8
8 Doshi, R. H.(26) 2 1 2 5
9 Duque, M. P.(27) 3 2 3 8
10 Formenty, P.(5) 4 1 3 8
11 Foster, S. 0.(28) 3 2 2 7
12 Girometti, N.(29) 4 2 3 9
13 Huhn, G. D.(30) 4 2 3 9
14 Hutin, Y. J.(31) 2 1 2 5
15 Iiigo Martinez, J.(32) 3 2 3 8
16 Jezek, Z.(33) 3 2 3 8
17 Jezek, Z.(16) 3 2 3 8
18 Jezek, Z.(17) 2 1 2 5
19 Jezek, Z.(12) 2 0 3 5
20 Kalthan, E.(34) 2 1 1 4
21 Leisha D. Nolen(18) 3 1 3 7
22 D.Ogoina,et al

(35) 2 1 2 5
23 Lynda Osadebe. (36) 4 2 2 8
24 Mary G. Reynold et

al.((37) 2 ! 8 6
25 Mary G.

Reynolds.(38) 2 0 3 >
26 Anne W. Rimoin.(39) 2 1 2 5
27 ER. Whitehouse et

al.((14) 4 2 8 9
28 L Osadebe (40) 2 1 2 5
29 PR Pittman (13) 4 2 2 8
30 MG Reynolds (41) 2 1 2 5
31 MG Reynolds (42) 4 2 3 9
32 AW Rimoin (43) 2 1 3 6
33 AW Rimoin et al.(44) 2 0 3 5
34 ER Whitehouse(15) 2 1 1 4
35 AYinka-Ogunleye et 3 1 3 7




PUCYHKHU

Figure 1 -PRISMA 2020 flow diagram of study retrieval process
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