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Abstract

Background Monkeypox (mpox) remains a major global public health problem due to its rapid transmission, clinical
severity and high case-fatality rate, especially for the clade | virus. Since August 2024, the disease was declared an
public health emergency of international concern, with the resurgence of the disease cases and morbidity and
mortality. Few studies exist in low-income countries. The Kamituga health zone (HZ) in South Kivu is the epicenter

of the epidemic in the Democratic Republic of Congo (DRC). The aim of this study is to describe the transmission
dynamics, epidemiological and clinical characteristics of mpox in this region.

Methods This was a prospective cross-sectional study conducted over 9 months (October 2023 to June 2024) in the
Kamituga HZ involving 160 confirmed patients. Data included seroprevalence, sociodemographic, epidemiological,
clinical and behavioral characteristics. Variables were described by means, medians or proportions as appropriate; to
compare proportions, Pearson’s chi-square, Z and Fisher's exact tests were used. A margin of error of 5% was taken as
threshold of statistical significance.

Results Seroprevalence of mpox in Kamituga was 0.3%, well above the provincial average of 0,01% (p <0,001). Over
80% of villages reported at least one case. The average age of patients was 23.5 years, with 58.7% women. Female
sex workers accounted for 36.2% of cases. Around 26.3% had been in contact with an animal, mainly primate. mpox
affected 52.2% of women with an sexual infected partner and 25.7% of men (p=0.001). Overall, 70% of patients

had more than one sexual partner in the last six months with more men (81.8%) than women (61.7%) (p=0.003).
Clinically, 86.3% presented with fever, and 91.9% with extensive pustular eruptions, predominantly genital (90%).
Lymphadenopathy affected 98.7% of cases. Only 5.6% of patients had recovered fully.
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Conclusion mpox in Kamituga is alarmingly prevalent, affecting young adults and female sex workers with severe

symptoms such as rashes and lymphandenopathy. Risky sexual behavior and late recourse to healthcare contribute
to the spread of the disease. Urgent measures such as raising awareness, vaccine research and strengthening health
infrastructures are essential. Collaboration between authorities, researchers and communities is important.
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Background

Human mpox (formerly known as monkeypox) remains a
major public health problem, due to its alarmingly rapid
transmission and spread, and is an emerging zoonotic
disease caused by the monkeypox virus (MPXV) [1].
This virus can infect humans and other animals. The first
documented cases of mpox in humans were described
in 1970 on six unvaccinated children in the Democratic
Republic of Congo (DRC), Liberia and Sierra Leone [2].

Since 2016, numerous confirmed cases have been
reported in Sierra Leone, Liberia, Central African Repub-
lic, Republic of Congo and Nigeria [3]. However, mpox
does not only affect African countries. Several epidem-
ics have been reported on the American and Asian con-
tinents. All these cases had an epidemiological link to
the African region, with human-to-human transmis-
sion [4—6]. An important epidemic was declared in May
2022 [7], when the first case was confirmed in the United
Kingdom in a man returning from Nigeria. Furthermore,
on August 14, 2024, the World Health Organization
declared mpox a Public Health Emergency of Inter-
national Concern (PHEIC) [8, 9]. is caused by MPXV
clade II, and is mainly transmitted through networks of
people engaging in frequent unprotected sexual activity
[7, 10]. There were an important international Lesbian,
Gay, Bisexual and Transgender, other sexual orientations
and gender identities (LGBT+) event in a Canary island
and from this event there were transmission to several
European countries [11].Although previous epidemics of
mpox in regions with enzootic reservoirs of MPVX have
suggested a potential for spread to more diverse popula-
tions and via different modes of transmission, this has
been very limited in the current global epidemic.

The clinical manifestations associated with MPXV
resemble those of smallpox, a disease eradicated world-
wide in 1980. Infection in humans manifests as fever,
swollen lymph nodes and fatigue, followed by a rash
(genital, anorectal or oral), with macular lesions pro-
gressing to papules, vesicles, pustules and crusts, usually
on the face, hands and feet, lasting two to five weeks [12,
13].

In the DRC, the number of people suspected of being
infected with MPXV has increased since the start of
2023. A total of 12,569 suspected cases of mpox were
reported up to November 12, 2023, the highest num-
ber of annual cases ever recorded in the country. The
case-fatality rate (CFR) was estimated at 4.6% [4]. New

cases have occurred in remote geographical areas of the
country where the disease was not previously observed,
including the province of South Kivu, which is far from
where other cases were reported [12].

Recently, it has been shown that the epidemic in
South Kivu is associated with a new sub-lineage of clade
I viruses, now designated as clade Ib [14]. The majority
of these cases appear to be transmitted by sexual con-
tact, with some modes of person-to-person transmis-
sion within and outside households. The Kamituga health
zone (ZS) is the only area in South Kivu continually
reporting cases of mpox and is considered the epicenter
of mpox since September 2023. The index case of the cur-
rent mpox epidemic originated in Kamituga, and since
the last 4 epidemiological weeks at the start of 2024, i.e.
in February, the Kamituga HZ in South Kivu, along with
4 other HZs in 2 other provinces (Equateur and Sud-
Ubangi), have alone recorded 1,152 cases, i.e. (76.6%)
of all cases reported in DRC [15]. Kamituga residents
depend directly or indirectly on artisanal and small-scale
gold mining (ASGM) for their livelihood. Profiling mpox
patients in this mining context in eastern DRC could
help better understanding the clustering of cases arising
in this geographical setting. The aim of our study was to
determine the overall seroprevalence and transmission
dynamics of mpox, and to describe the clinical and epide-
miological profile of mpox patients in the Kamituga HZ
of South Kivu, eastern DRC. It should be noted that the
present study is one of the few pieces of research since
the start of the mpox epidemic that has highlighted the
specific dynamics of mpox transmission, particularly
in the context of eastern DRC, to inform local disease
management strategies through targeted interventions.
In addition, it highlights at-risk groups and modes of
transmission, which can facilitate awareness campaigns.
As such, these data provide useful practical information
that can be used to guide major public health programs
in order to better direct preventative and mitigating
interventions. And also, it adds to the existing literature
on mpox, providing specific and novel information in
relation to an ongoing major epidemic declared a public
health emergency of international concern by the WHO
in August 2024.
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Methods

Scope and type of study

This was prospective cross-sectional study conducted in
the Kamituga HZ, from October 2023 to June 2024, i.e.
over a 9 months duration. Kamituga HZ encompasses the
largest gold mining town in South Kivu Province (eastern
DRC), and covers an area of 2,482 km?. The town is home
to over 260,000 residents (according to the 2019 Kami-
tuga HZ report), of whom around 16,000 are employed in
the mining industry (Nkuba et al., 2017). The remaining
residents depend directly or indirectly on ASGM (arti-
sanal and small-scale gold mining) for their livelihoods
[12].

Due to impassable roads, access to healthcare is
extremely challenging for Kamituga’s residents. A mere
7.8% of all referred patients reach hospital, whereas
38.1% of the population have no access to clean drinking
water; there is also a low coverage of hygienic latrines [16,
17]. As a result of such dire sanitary conditions and lack
of access to clean drinking water, residents often resort
to drinking water from bear by rivers, a potential source
of diarrhoeal diseases such as cholera. Difficult access to
the area and recent demographic growth are conducive
to regular resurgence of epidemics [16, 18].

From an epidemiological perspective, the Kamituga
HZ is densely populated, and remains prone to recurrent
epidemics such as cholera, measles and, since September
2023, mpox. As a priority, the public health conditions
reported in 2023 in terms of morbidity were malaria
(46.1%), acute respiratory infections (13.9%), diarrhea
(8.2%), sexually-transmitted infections (STIs; 4.3%) and
geo-helminthiasis; similarly, high mortality was noted
among malaria cases (27.3%), followed by anemia (5.5%).

From a socio-economic and food security perspective,
the population is mainly involved in ASGM, mostly gold,
cassiterite and coltan. A small proportion of the popula-
tion is involved in subsistence farming (such as growing
cassava), small livestock rearing, fish farming and petty
trading, resulting in a shortage of food products on the
local market. Nevertheless, there is a contrast between
the artisanal exploitation of minerals and the abject pov-
erty in which the population lives, unable even to afford
for basic health care. The almost persistent advanced
deterioration of National Road 2 (RN2) has a negative
impact on the population’s purchasing power, accentuat-
ing the precariousness of living conditions [16, 17].

Study population

The present study was carried out among patients with
symptoms of mpox and/or suspected of MPXV infec-
tion investigated in the Kamituga HZ, with subsequent
positive serology during the ongoing 2023-2024 DRC
epidemic. We considered any patient presenting clini-
cal signs suggestive of mpox infection, such as fevers and
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rashes (primary cases), who were investigated and whose
serology became positive for mpox, but also any person
living in the same household with the primary case (sec-
ondary contact case) and who was tested positive after
the serology results, and, in both situations after approval
to participate in the study. All suspected cases whose
serology were negative were excluded, as were confirmed
cases who did not consent to participate. A total of 782
cases were investigated for mpox (including probable
and suspected), of which 752 tested positive. Among
them, only 160 mpox -confirmed patients agreed to par-
ticipate in our study (the sample size was determined by
the number of confirmed patients who consented to take
part).

We carried out exhaustive sampling, by interviewing
all consenting individuals (suspected or probable cases
under investigation) who either came to the Kamituga
RGH for consultation, were referred from other inte-
grated healthcare facilities, originated from the commu-
nity, had followed another first-line therapeutic pathway,
and/or had received symptomatic treatment for mpox
at the RGH, between October 2023 and June 2024.
Data collection was performed through a structured
questionnaire.

A total of 371 hospitalized mpox cases were identified
as confirmed, probable, or suspected during this period.
Of these, 160 laboratory-confirmed patients who pro-
vided informed consent were included in the study.

Study variables and data collection
The variables of interest were:

(i) Mpox seroprevalence throughout the HZ from
beginning of October 2023 to June 2024.

(ii) Patient socio-demographic characteristics: age,
gender, marital status, occupation, level of education,
sexual orientation, and relationship to the first case.

(iii) Clinical variables:

+ Past history of HIV or STIs.

+ Disease history and symptoms: time since onset of
first symptoms before appearance of skin lesions,
temperature (in °C), fever, sore throat, myalgia,
vomiting, lymphadenopathy, and mucosal or skin
lesions.

+ Evolution and therapeutic itinerary: length of
hospital stay (days), recovery (ill/recovered meaning
the complete disappearance of skin lesions), whether
or not the patient consulted a doctor, and location of
initial care;

« Skin lesion characteristics: approximate number of
lesions, number of body regions affected defined
in 4 segments including head + neck, trunk, upper
and lower limbs, then classified into 3 categories
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(2, 3 or 4 segments corresponding to the whole
body), nature of lesions (papular, vesicular, pustular),
lesion location (genital, peri-anal, buccal ulcers,
peri-oral), presence or absence of lymphadenopathy,
lymphadenopathy location (cervical, inguinal,
axillary), time to dry crust formation (5-7, 7-10,
10-15, more than 15 days).

+ Behavioral factors of patients with mpox over the 21
days preceding illness: travel to mpox-endemic area,
notion of contact, relationship with mpox case, direct
contact with an animal, consumption of suspected
sick or dead suspect animal with mpox over the
last 3 weeks, species of sick animal, other sources
of exposure, more than one sexual partner over the
previous 6 months, sleeping in the same room as a
case, sharing a bathroom with a case (nominal: Yes,
No, Don't know), shared objects such as utensils
with a case (nominal: Yes, No, Don’t know), place of
contact with the primary case (nominal: bedroom,
bed, toilet).

Data collection was prospective and took place over
9 months. Data were collected using a questionnaire
(which can be found in the appendix 1) on Kobo-collect,
and blood samples were taken for serological analysis of
mpox antibodies. The samples were taken at HGR Kami-
tuga by the hospital’s laboratory technician; at the start
of the epidemic, the samples were sent to the INRB-
Goma laboratory, where they were analyzed by the PCR
method, and the results shared with all stakeholders.
Three months later, Gene-Expert analyses were already
being carried out in Kamituga.

Data analyses

The data encoded on Kobo-collect was extracted into
an Excel file for initial cleaning. After cleaning, they
were analyzed using Stata software version 17.0. Cat-
egorical variables were described in terms of numbers
and proportions, while continuous quantitative vari-
ables were described as averages and standard devia-
tions, or as medians with range as deemed appropriate,
depending on whether the distribution was Gaussian or

Table 1 Mpox seroprevalence in Kamituga HZ, September 2024
to June 2024
Key indicators
Laboratory results

Kamituga HZ South Kivu Province P value

Investigated 782 3318
Seropositive 752 983
Total population**** 241,642 8,955,539
PR¥* 30
Prevalence (p) 0.3* 0.01* <0.001***

Mpox prevalence: Laboratory positives/total population **PR=Prevalence
Ratio (p Kamituga/Kivu Province) ***Z-test for proportions ****Source: DPS
Sud-Kivu and BCZ Kamituga
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non-Gaussian. To compare differences in proportions of
categorical variables broken down by gender, we used
Pearson’s chi-square of independence or Z proportions
and Fisher’s exact test when more than 25% of the table
had an expected frequency of less than 5. The threshold
of statistical significance was set at 0.05 (p <0.05).

Results

Seroprevalence of mpox in Kamituga (Table 1)

Since the start of the epidemic, from September 2023
to June 2024, 782 cases have been investigated for mpox
(including probable and suspected), of which 752 cases
have tested positive, representing a seroprevalence of
0.3% in habitants for Kamituga HZ. The latter (0.3%) is 30
times higher than South Kivu’s provincial figure of 0.01%
in habitants, from the start of the epidemic to June 2024.

Socio-demographic characteristics of the population
(Table 2)

A total of 160 patients were included in our study. The
study population was generally young, with a mean age
of 23.5(+7.5) years. The 18-35 age group was the most
represented (80%). 13.7% of subjects were under 18 years
of age. More than half of subjects were female. Single
women accounted for 45.0% of subjects, whereas 36.2%
among women were sex workers (all sex workers were
female).

More than half of our subjects (57.5%) have received
no more than elementary school education, includ-
ing 32.5% without basic education. Almost all subject
(99.4%) self-declared as heterosexual. As for the degree
of kinship with the primary cases, almost half of subjects
were single living their family (51.3%), Whereas 21.9%
were spouses of the primary confirmed cases. within the
household.

History of the disease: symptoms and care pathways

(Table 3)

The mean number of days since onset of symptoms was
13 days. 86.3% presented with fever, with an average tem-
perature of 38.6 °C. Skin rashes and genital lesions were
found in almost all patients. Dysphagia was found in
83.8%. Headache was reported in 73.2% and lymphade-
nopathy in 68.7%. Other reported symptoms included
low back pain, sweating, vomiting and nausea.

Almost all patients were admitted to hospital. The
median length of hospital stay was 8 (1-56) days. A small
proportion of these patients (5.6%) recovered, against
94,4% who were still sick at the end of study.

As for their care pathways, a large proportion of sub-
jects went to hospital (91.8%). The remainder consulted
traditional healers and religious leaders. STIs were
reported in 6.3% of cases. Only two patients (1.3%) were
HIV-positive.
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Table 2 Socio-demographic characteristics of the population
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Table 3 Distribution according to disease symptoms and care

Variables n (%) Mean (+SD) pathways
Age in years 23,5(%7,5) Variables N (%) Moy(+SD)
<18 22(13,7) or !Vled
18-35 128(80,0) (Min-Max)
535 106,3) Duration of first symptoms (in days, 12,9(+10,5)
=1
Gender " ) 60) :
T°in °Celsius (n=127) 38,6(x£0,6)
Female 94(58,7)
. Symptoms (n=160)
Marital status
) Fever 138(86,3)
Single 72(45,0)
. Headache 117(73,2)
Married 78(48,8) Mvalai 118(73,7)
[ ,
Divorced 9(5,6) yé 99 )
. Fatigue/exhaustion 132(82,5)
Widower 1(0,6)
Lymphadenopathy 110(68,7)
Occupancy )
o Chills and sweats 109(68,1)
Hospitality (bars/restaurants) 13(8,2) )
Skin rashes 156(97,5)
Office worker 8(5,0) :
. Oral lesions 78(48,8)
Construction workers 32(20,0) . )
Genital lesions 154(96,3)
Farmer 12(7,5) .
Other mucocutaneous lesions 14(8,7)
Hunters/Butchers 53,1) c by it : 104(65.0)
respiratory symptom !
Sex workers 58(36,2) ougn/respiratory symptoms
Sore throat 134(83,8)
Unemployed 32(20,0)
. Coryza 56(35,0)
Education level Lumb 118738)
m .
No formal education 52(32,5) Y égo
) Sweating 90(56,3)
Primary 40(25,0) L
Vomiting 85(53,1)
Secondary 60(37,5)
. Nausea 99(61,8)
Commercial 8(5,0) ) o
. . Conjunctivitis 62(38,7)
Sexual orientation
Other 2(1,3)
Heterosexual 159(99,4) K . X
Median length of hospital stayindays 8(1-56)
Unknown 1(0,6) B
. . (n=158)
ReIatlonshlP to case Recovery (n=160)
Brother/Sister . 15(9,4) Still sick 151(94.4)
Mother and Child 14(8,7) Recovered 9(5,6)
Friend ) 148,7) Consulted a doctor (yes, n=160) 158(98,8)
Husbangl/\wae ) 35219 Place of consultation (n=158)
Single with faAm!\y 82(51,3) Health outpost 50316)
SD: standard deviation) Health center 45(285)
Hospital 145(91,8)
Clinical characteristics of patients (Table 4) Traditional healers 15(9,5)
As for the number of lesions, 65.6% had more than 40. Religious healers 16(10,2)
Lesions affected 4 regions or the whole body in 60% of Other 21,3)
patients. 91.9% had pustular lesions. In terms of lesion  Admission/Hospitalization (yes,n=160)  158(98,7)
location, 90% were found on the genital areas, and a sub-  HIV (yes, n=160) 2(13)
stantial proportion (8.8%) on the perioral areas. Lymph-  Other STis (yes, n=160) 10(6,3)

adenopathy was present in almost all patients (98.7%),
and was more prevalent in the cervical (74.7%) and ingui-
nal (24.7%) areas. Nearly half of subjects (48.7%) had dry
crusts 5-7 days old, followed by those between 7 and 10
days.

Behavioral and social factors over the 21 days preceding
disease onset (Tables 5 and 6)

A significant proportion of cases (18.7%) had traveled,
lived or worked in a region where mpox activity was
endemic or confirmed within the last 21 days. A large
proportion of patients (87.5%) had been in contact with

STls: Sexually transmitted infections

a probable, suspected or confirmed case of mpox. Most
were spouses of the primary case (70.6%). A quarter of
patients had eaten or handled bushmeat butchered from
a diseased or already dead animal over the previous 3
weeks. The dead animal was a primate in a third of cases.
Among other possible sources of exposure, nearly half of
patients had a regular sexual partner having presented
with mpox, while others had had sexual intercourse with
prostitutes (34.4%). The majority (70%) had had more
than one sexual partner over the last 6 months. 76.3%
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Table 4 Typology of lesions (n=160)
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Table 5 Behavioural and social factors over the last 21 days

Variables n (%) preceding disease onset
Number of lesions Variables (N=160) n (%)
>40 105(65,6) Travel within the last 21 days (endemic zone) 30(18,7)
3-39 52(32,5) Contact 140(87,5)
1-2 3(1,9 Type of relationship with index mpox case
Affected body segments Child 11(6,9)
2 16(10,0) Spouse 113(70,6)
3 48(30,0) Parent 12(7,5)
4 (full body) 96(60,0) Other 24(15,0)
Types of lesions Direct contact with sick animals (yes) 42(26,3)
Papular 10(6,3) Already dead animal consumption in last 3 weeks 40(25,0)
Vesicular 3(1,8) Animal sick or dead (n=40)
Pustular 147(91,9) Antelope 2(5,0)
Lesion location Primate 14(35,0)
Genital 144(90,0) Fruit-eating bats 4(10,0)
Perianal 1(0,6) Rodent 2(5,0)
Oral ulcer 1(0,6) Unknown 5(12,0)
Perioral 14(8,8) Other 13(32,5)
Lymphadenopathies Other sources of exposure
Yes 158(98,7) Regular sexual partner infected with monkeypox 66(41,3)
Location of Lymphadenopathies (n=158) Household contact with monkeypox 30(18,7)
Cervical 118(74,7) Participation to a public social event 9(5,6)
Inguinal 39(24,7) Sexual intercourse with a sex worker 55(34,4)
Axillary 1(0,6) Sexual partner (more than 1 in last 6 months) 112(70,0)
Dry crust duration Number of rooms in household
5-7 78(48,7) <2 20(12,5)
7-10 58(36,3) 2-4 122(76,3)
10-15 6(3,8) =5 18(11,3)
>15 18(11,3) Slept in the same room as index case 138(86,3)
Separate bathroom/toilet with case 61(38,2)
lived in two- to four-bedroom houses. Most had slept in  Shared objects (tower, utensil, etc) 87(54,4)
the same bed as mpox index cases prior to confirmation  Type of physical contact with index case
of mpox infection. Shared room 2(13)
Comparing behavioral factors by gender, regarding sharing a bed 129(80,6)
sources of exposure, our results show that women had Same lavatory 106)

statistically significantly more regular sexual partners
with monkeypox (52.2%) than men (25.7%). On the other
hand, men had more female sex workers (51.5%) than
women (22.3%), with a significant difference between the
proportions. With regard to the number of sexual part-
ners, overall, many had had more than one sexual part-
ner in the last 6 months (70%), with a difference between
men (81.8%) and women (61.7%), the difference being
statistically significant (p = 0.003).

Discussion
The aim of this study was to describe the transmission
dynamics of mpox, as well as the clinical and epidemio-
logical profile of subjects with mpox in the Kamituga HZ,
thought to be the epicenter of the epidemic currently rag-
ing in eastern DRC.

A total of 160 mpox-confirmed subjects were selected
for analysis. Overall mpox seroprevalence in the Kami-
tuga HZ over the study period was 0.3%, significantly

higher than south Kivu’s provincial average. The affected
population was young and predominantly female. Female
sex workers accounted for a third of cases. Some 26.3%
had been in contact with an animal, and in a third of
cases with a primate. Overall, 70% of patients had had
more than one sexual partner over the previous six
months. Fever and rashes, often pustules, were observed
in almost all patients. Lesions were predominantly geni-
tal. Almost all patients had lymphadenopathy, with cervi-
cal predominance. Only 5.6% of patients had completely
recovered from the onset of symptoms to the end of data
collection.

Mpox seroprevalence in Kamituga HZ and at South Kivu's
provincial level

In this study, we found a mpox seroprevalence in
the Kamituga HZ of 0.3% from the start of the epi-
demic to 2024, which is far higher than the provincial
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Table 6 Behavioral and social features of mpox-infected patients by gender
Variables Entire group Gender P value
n (%) Female Male
n (%) n (%)
Travel within the last 21 days (Yes, n=160) 30(18,7) 19(20,2) 11(16,7)
Direct_animal contact (Yes, n=160) 42(26,3) 25(26,6) 17(25,7) 1,000%*
Consumption of previously dead animal within 3 weeks (Yes, n=160) 40(25,0) 25(26,6) 15(22,7)
Animal sick or dead (n=40) 0,278**
Antelope 2(5,0) 2(8,0) 0(0,0)
Primate 14(35,0) 6(24,0) 8(53,3)
Fruit-eating bats 4(10,0) 4(16,0) 0(0,0)
Rodent 2(5,0) 1(4,0) 1(6,7)
Unknown 5(12,0) 4(16,0) 16,7)
Other 13(32,5) 8(32,0) 5(3323)
Other sources of exposure (n=160) 0,001*
Regular sexual partner infected with monkeypox 66(41,3) 49(52,2) 17(25,7)
Household contact with monkeypox 30(18,7) 17(18,1) 13(19,7)
Participation to a public social event 9(5,6) 7(7.4) 2(3,03)
Sexual intercourse with a sex worker 55(34,4) 21(22,3) 34(51,5)
Sexual partner (more than 1 in last 6 months) (Yes, n=160) 112(70,0) 58(61,7) 54(81,8) 0,003**
Slept in the same room (Yes, n=160) 138(86,3) 80(85,1) 58(87,9)
Type of contact with primary case (n=160) 0,761*
Hugging/embracing/squeezing/hand-holding 17(10,6) 9(9,6) 8(12,3)
Eaten/shared cup/glass/same lavatory 12(7,5) 8(8,5) 4(6,1)
Shared room/bed 131(81,9) 77(81,9) 54(81,8)

*Pearson’s chi2 test **Fisher’s exact test

seroprevalence of 0.01%, i.e. a 30-fold higher prevalence
ratio compared to all health zones combined. This shows
the concerning scale of the situation in Kamituga HZ,
given that it was the epicenter of the first mpox case
(index case) of the current epidemic, which shows very
rapid transmission and spillover.

Another factor to consider is that Kamituga ZS has
more serological diagnostic facilities than other HZs of
South Kivu. Nevertheless, the eradication plan has so far
not been very effective, as intervention in terms of epide-
miological surveillance was not implemented at the onset
of the current epidemic, despite the efforts allocated at
zonal level to reduce the spread of the virus. There was no
initial support within this HZ, until 3 months later, once
interventions from WHO, CDC, and other research insti-
tutions such as the INRB were initiated. Furthermore, the
lack of a prior well-structured contingency plan at the
onset of the current epidemic does not rule out the possi-
bility that contact, suspected or probable cases may have
escaped surveillance, and could represent a hidden reser-
voir for large-scale transmission of mpox in the HZ. Fur-
thermore, another hypothesis that could be considered
is poor hygiene, water and sanitation conditions, such as
those that promote the emergence of cholera, suggesting
that mpox is likely to be easily spread given similar sani-
tary conditions, on top of close contact, including sexual
transmission [16, 18].

Another likely contributor to the current epidemic is
the large conurbation of Kamituga city, with close prox-
imity of households and artisanal gold mining operations,
which attracts numerous sex workers, making it a major
transmission hotbed for the disease. This HZ, along
with 4 other HZ in the country (in two other provinces),
accounts for more than 76% of RDC'’s cases, according to
a WHO report with the DRC Ministry of Health [15].

The seroprevalence in this study was slightly lower than
that reported in Japan by Mizushima D et al. [19], who
found a prevalence of 0.37%. In their study, which was
conducted among men who have sex with men (MSM),
the seroprevalence was higher compared to that usually
reported in heterosexual populations [Mizushima et al,,
year]. Other studies have also confirmed that seroprev-
alence tends to be higher among homosexual men than
among heterosexuals [19-21]. The seroprevalence found
in this study shows how mpox cases are clearly on the
increase in DR Congo compared with the early years fol-
lowing the disease’s discovery, but also that it spread rap-
idly to other countries [22].

General characteristics of the study population

The average age was 23.5, with a predominance of the 18
to 35 age group. Our study shows that young people are
more affected. This can be partly ascribed to the fact that
they are sexually active. Another factor is the age of the
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workers in the mines, who are a priori mostly young men,
given the physical demands of extraction work.

It should be noted that the predominance of females is
explained by the fact that many cases originate from the
Mero Health Area, which is home to many sex workers.
Other studies have found that young people are more
affected, such as Bunge EM et al,, in a systematic review
conducted in 2022, who found that the weighted aver-
age median age of mpox infection in Africa rose from 4
to 5 years in the 1970s and 1980s to 10 and 21 years in
the years 2000 and 2010 [21]. In contrast, a study carried
out in May 2022 in France on clinical features during an
outbreak of mpox, reported that men aged 18 to 50 were
predominantly affected with 25% aged under 29 and 25%
aged 43 to 81 [23].

A global epidemic was declared on July 23, 2022 by the
Director General of the World Health Organization [24].
As of February 25, 2023, 86,127 cases had been recorded,
the majority of whom were men in the 18 to 44 age
bracket, accounting for 79.2% of cases. For the few female
cases whose sexual orientation was reported, the major-
ity were heterosexual (934 out of 978, or 96%) [25]. More
or less contradictory results were found in the study by
J.G. Bramen et al. conducted on 47 cases of mpox, where
male children were most affected, with an average age of
8 years (ranging from 7 months to 35 years), with 83% of
subjects under 10 years of age [26]. The Kamituga popu-
lation being predominantly young, the subjects who self-
declared as either unemployed or construction workers,
representing almost half the cases, were actually artisanal
miners or mineral diggers. The considerable proportion
of female sex workers would justify the presence of many
more females than males in our study population.

The dynamics of disease transmission

It has been documented that transmission of mpox can
occur through direct contact with blood, body fluids or
skin or mucous membrane lesions of infected animals,
which may be squirrels, rats, dormice or primate; the pre-
cise natural reservoir(s) is (are) still not yet identified [27].
The disease is contracted by eating infected meat that has
not been properly cooked [28]. According to a study car-
ried out in Africa, person-to-person transmission of the
virus follows close contact, either directly or indirectly,
with the biological secretions of an infected person [29].
Other studies have also suggested possible maternal-fetal
transmission as a cause of congenital mpox [30], along-
side sexual transmission [31]. In our study, we found that
a large proportion of patients (87.5%) had been in con-
tact with either a probable, suspected or confirmed case
of mpox, mainly either their co-spouse or a dead primate.
In the present study, mpox is considered a zoonotic dis-
ease. Indeed, contact with primates is frequent in the
Kamituga SZ because of its proximity to the forest. With
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the hypothesis that primates are reservoirs of MPXYV, the
latter would be considered more as a source of contami-
nation in this area where the population also feeds on
bushmeat.

Potential sexual exposure was frequent, with almost
half (41.3%) reporting having had a regular sexual partner
with mpox, and others having had sex with prostitutes
(34.4%). This finding is in line with what Hantz S et al.
who found during the 2022-2023 global epidemic, par-
ticularly in France, that out of all settings in which cases
were likely to have been exposed, the most frequent was
partying with sexual contact, accounting for 3,720 cases
out of 5,476 (67.9%) of combined exposure events [25,
32].

Sex-stratified analysis of behavioral exposure fac-
tors showed that women were more likely than men to
report having a regular sexual partner with mpox. Men
were more likely to report sexual contact with sex work-
ers and to have multiple sexual partners in the previous
six months. These differences were statistically significant
(p<0.05) This assessment may lead to the conclusion that
men who have regular sexual partners (their wives) may
become infected through sexual contact with sex work-
ers (or vice versa), and subsequently transmit the disease
to their wives. This would explain the high proportion of
female subjects in the study, but also the importance of
sexual transmission of the disease.

Clinical manifestations or symptoms of the disease

The overall clinical presentation in our subjects was het-
erogeneous. An influenza-like syndrome (fever, coryza,
headache, cough, myalgia) was predominantly present,
with fever (86.3%) represented by a mean temperature
of 38.6(0.6)°C. Skin rashes (mainly pustular lesions) and
genital lesions were found in almost all patients, 97.5%
and 96.3% respectively, with 65.6% of subjects hav-
ing more than 40 lesions affecting all 4 body regions.
Almost all patients (98.7%) presented with lymphade-
nopathy, mostly cervical and inguinal. Other symptoms
such as sweating, nausea, vomiting, and dysphagia were
reported. The average length of hospitalization was 8
days, with some cases extending up to 56 days.

These observations overlap with with those of Bre-
man et al. in France, who found that mpox in humans
was mainly characterized by cutaneous lesions. These
appeared more or less simultaneously, evolving at the
same speed through stages (papules, vesicles and pus-
tules), before depressing, drying out and desquamating.
Most cutaneous lesions were 0.5 to 1 ¢cm in diameter,
localized on the mucous membranes, tongue and geni-
talia, with occasional adenopathy, especially axillary and
cervical [26]. Variations in clinical presentations have
emerged following the mpox outbreak reported since
May 13, 2022. According to Mitja et al., during the 2022
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outbreak, the incubation period ranged from 7 to 10
days, and most patients presented with a systemic illness
that included fever and myalgia, along with a character-
istic rash featuring papules that progressed to vesicles,
pustules, and crusts in the genital, anal, or oral regions,
often affecting the mucosa [11].

In a retrospective observational study conducted by
Adler H. et al. on the clinical characteristics and manage-
ment of mpox in seven patients diagnosed in the United
Kingdom (United Kingdom) between 2018 and 2021,
findings included skin rashes with pleomorphic lesions,
inguino-scrotal lesions, and lymphadenopathy. However,
mood disorders, particularly depressive moods related to
isolation, were also noted [33].

The Center for Desease Control and Prevention (CDC)
described a clinical presentation of skin rashes that were
less severe during past outbreaks in the United States
[34]. In the description of mpox cases by Vaughan et al.
in the UK in 2018, lymphadenopathy was observed, along
with pruritic maculopapular rashes [35], and human-to-
human transmission was low, though already observed in
some contact cases [36].

Several studies, including an epidemiological review
in light of the global outbreaks of 2022 and 2023, have
shown that symptoms include fever, muscle pain, head-
aches, swollen lymph nodes, and a characteristic painful
rash progressing through multiple stages, such as mac-
ules, papules, blisters, pustules, crusts, and desquamation
of crusts involving the genital and anal regions [37, 38].

The tanapoxvirus, yatapoxvirus, described in Kenya in
1957, transmitted by mosquito bite after contact with an
infected monkey, cause gave clinical manifestations simi-
lar to those of mpox, with general signs (fever, headache)
and skin lesions generally unique and predominantly on
the lower limbs, with the presence of adenopathies [39].
Hantz S et al. state that during the mpox epidemic of
2022, the rash most often began in the ano-genital and/
or buccal area, most often as a single lesion that could be
associated with satellite adenopathies; general signs were
not systematic [40, 41].

Study limitations

The cross-sectional nature of the present study, and the
lack of a control group, did not allow for establishing a
causal relationship between the identified risk factors
and the occurrence of mpox infection. The data were
collected in a specific mining area, which may intro-
duce a selection bias limiting the representativeness of
the results to other non-mining areas. Given the recent
nature of the ongoing epidemic, we were unable to com-
pare between HZ or provinces in the DRC, due to lack
of updated metrics; we were also unable to highlight fac-
tors associated with lethality, yet these would guide pub-
lic health programs and clinicians as to which variable
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should be prioritized for monitoring patients. Despite
these limitations, we included a diverse range of par-
ticipants within the mining area to capture local speci-
ficities, aligning with our primary objective of identifying
risk factors associated with Mpox in this specific context.
Future studies are needed to overcome other limitations.

Conclusion

The seroprevalence among mpox cases is very high in
Kamituga HZ, and is far higher than the provincial serop-
revalence, with mpox disproportionately affecting young
adults. Many patients were sex workers in close vicin-
ity with mine workers. Patients presented with a varied
clinical picture, with fever and numerous symptoms,
mostly marked by skin rashes and lymphadenopathies,
which could affect the whole body. Physical contact with
infected mpox case was by far the major likely mode of
transmission, with particular emphasis on sexual behav-
ior, especially among men, which has been described
as an important contributor to the dynamics of disease
spread among artisanal mine workers, with likely spill-
over within household.

Recommendations

Based on our findings, we recommend that joint emer-
gency measures be implemented, including the strength-
ening of health infrastructures and local capacities for
improved detection and treatment of mpox, as well as
awareness-raising campaigns. This underlines the need
for studies on risk factors and new vaccines. Collabora-
tion between health and non-health officials, research-
ers and local communities is essential for effective
prevention, and non-governmental donors are needed
to support these initiatives. The community must be
actively involved in raising awareness and reducing risky
behavior.
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