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Epidemiologic Quantities for
Monkeypox Virus Clade I from
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Democratic Republic of the Congo
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We used published data from outbreak investigations of
monkeypox virus clade | in the Democratic Republic of
the Congo to estimate the distributions of critical epide-
miological parameters. We estimated a mean incubation
period of 9.9 days (95% credible interval [Crl] 8.5-11.5
days) and a mean generation time of 17.2 days (95% Crl
14.1-20.9 days) or 11.3 days (95% Crl 9.4—14.0 days),
depending on the considered dataset. Presymptom-
atic transmission was limited. Those estimates suggest
generally slower transmission dynamics in clade | than
in clade IIb. The time-varying reproduction number for
clade | in the Democratic Republic of the Congo was es-
timated to be below the epidemic threshold in the first half
of 2024. However, in the South Kivu Province, where the
newly identified subclade Ib has been associated with
sustained human-to-human transmission, we estimated
an effective reproduction number above the epidemic
threshold (95% Crl 0.96-1.27).

large outbreak of monkeypox virus (MPXV)

clade I (previously known as the Congo-Basin
clade) infections has been ongoing in the Democratic
Republic of the Congo (DRC) since the autumn of 2023
and had caused >20,000 cases and 1,000 deaths (most-
ly among children <15 years of age) across the country
as of May 26, 2024 (1). Infections with MPXV clade I
have a case-fatality ratio of up to 10% (1; L.K. Whittles
etal.,, unpub. data, https:/ /www.medrxiv.org/conten
t/10.1101/2024.04.23.24306209v1), substantially more
deadly than for infections with clade IIb (formerly
West African clade), which has spread internationally
since 2022, mainly through sexual contact among men
who have sex with men (MSM) (2).
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The epidemiology of MPXV clade I seems to be
evolving; until recently, it was mainly of zoonotic
origin, and only sporadic human-to-human transmis-
sion occurred within households. Sexual transmission
of MPXV clade I was observed during an outbreak
investigation in Kwango Province, DRC, in March
2023 (3). A new subclade has been recently identi-
fied in Kamituga in the South Kivu Province, where
extensive sexual transmission has been documented
(4-6). Sustained human-to-human transmission, new
routes of infections, and genetic evolution raise con-
cerns about the potential risk for international spread,
making estimating critical epidemiologic parameters
specific to MPXV clade I urgent. In this study, we used
previously published outbreak investigation data to
provide novel estimates of probability distribution
functions for epidemiologic parameters that are criti-
cal for monitoring and modeling the spread of MPXV
clade I (K. Charniga et al., unpub. data, https:/ /arxiv.
org/abs/2405.08841).

Methods

To estimate the incubation period, we fitted 3 families
of distributions (i.e., Weibull, gamma, and log-nor-
mal, with a possible offset parameter) to data from
15 cases with known incubation period (i.e., the time
elapsed between the infection episode and rash on-
set) reported in a published study (7). We estimated
the distribution of the serial interval (i.e., the time
elapsed between the symptom onset in an index case
and in their secondary cases) on the basis of 2 differ-
ent datasets and considering the same 3 families of
distributions. We obtained the first dataset (dataset 1)
by pooling together symptom onset dates for 32 in-
fector-infectee transmission links from 2 household
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outbreaks in Sudan in 2005 (n = 13) (8) and in Central
African Republic in 2021-2022 (n =19) (9). The second
dataset (dataset 2) consisted of 11 infector-infectee
transmission links from a hospital-associated out-
break in the DRC in 2003 (10). In all 3 outbreaks, the
chains of transmission were reconstructed through
detailed epidemiologic investigations identifying the
most likely infector.

We estimated the generation time (i.e., the time
elapsed between the date of exposure of a confirmed
case and those of their secondary cases) by consider-
ing the same data on infector-infectee pairs used for
the estimate of the serial interval, following a Bayes-
ian approach previously applied to MPXV clade
IIb (11,12). The generation time was assumed to be
distributed either as a gamma, a Weibull, or a log-
normal function with offset; parameters of the dis-
tributions and dates of exposure for all cases were
estimated within a Markov chain Monte Carlo proce-
dure. If the sampled date of exposure for the infectee
was earlier than the date of symptom onset for the
infector, we considered that an episode of presymp-
tomatic transmission.

In sensitivity analyses, we accounted for poten-
tial double interval censoring caused by the discreti-
zation of data at a 1-day resolution for the incubation
period and the serial interval, and we reestimated the
generation time by not allowing for presymptomatic
transmission (i.e., setting a null prior for exposure
dates of the infectee occurring before the symptom
onset date of the infector).

We used estimates of the generation time to esti-
mate reproduction numbers for MPXV clade I, using
the time series of laboratory-confirmed mpox cases
in the DRC during January 1-May 12, 2024 (13), and
the time series of weekly hospitalized mpox case-
patients (confirmed, probable, or suspected) in the
Kamituga Health Zone, South Kivu Province, dur-
ing late October 2023-April 21, 2024 (L.M. Masirika
et al., unpub. data, https://www.medrxiv.org/cont
ent/10.1101/2024.05.10.24307057v1). The reproduc-
tion number, R, is defined as the average number of
secondary cases per infectious person and represents
a critical parameter to assess the transmissibility of an
infection; when R <1, transmission is expected to fade
out, whereas if R >1, the epidemic has the potential
for further spread. We computed the time-varying
reproduction number, R, representing transmissibil-
ity over time, and the effective reproduction number,
R, representing an average value of transmissibility
over the study period. We used the renewal equa-
tion and the computation of the exponential growth
rate of the number of cases to provide estimates
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(14-16) (Appendix, https://wwwnc.cdc.gov/EID/
article/30/10/24-0665-Appl.pdf).

Results

The best estimate for the incubation period was a
Weibull distribution with an offset term of 4 days and
mean of 9.9 days (95% credible interval [Crl] 8.5-11.5
days) (Figure, panel A). For the serial interval, we
obtained as an optimal estimate a Weibull with an
offset term of 1 day and mean of 17.5 days (95% Crl
14.1-21.5 days) for dataset 1 and a Weibull with offset
6 days and mean of 11.4 days (95% Crl 9.9-13.5 days)
for dataset 2 (Figure, panel B).

The mean estimated generation time for the
gamma distribution was 17.2 days (95% Crl 14.1-20.9
days) for dataset 1 and 11.3 days (95% Crl 9.4-14.0
days) for dataset 2 (Figure, panel C). For both consid-
ered datasets, presymptomatic transmission played a
minor role (i.e., #20% of cases for dataset 1 and ~17%
of cases for dataset 2). For all parameters, variations
were minimal when using the other 2 distribution
families (Appendix). The distributions obtained from
the sensitivity analyses accounting for potential dou-
ble interval censoring and not allowing for presymp-
tomatic transmission were practically overlapping
with those from the baseline analysis (Appendix).

The mean R, in the DRC was estimated to be
under the epidemic threshold for most of 2024 (Ap-
pendix). However, the R, estimated in Kamituga lay
consistently above the epidemic threshold through-
out the study period (Figure, panel D). Mean esti-
mates for R ; in Kamituga ranged from 1.08 to 1.18
(range of the 95% Crl 0.96-1.27), depending on the
method and generation time considered. Additional
results and full methods for the analysis are provid-
ed (Appendix).

Discussion

The estimated mean incubation period of MPXV
clade I (9.9 days, 95% Crl 8.5-11.5 days) was longer
than most estimates reported for MPXV clade IIb in
a review by the World Health Organization (17) (al-
though some of the studies reported in the review
might use a different definition of incubation period
[e.g., from exposure to first symptoms rather than
from exposure to rash as in our data]). Available data,
although limited in sample size, point to a variability
in serial intervals/ generation times depending on the
observation settings, with cases from household out-
breaks having mean values ranging from 14 to 21 days
(mean 17 days) and cases from an outbreak associated
to hospital cases ranging from 9 to 14 days (mean 11
days). The transmission dynamics of MPXV clade 1
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seem slower than clade IIb, for which mean estimates
range from 5.6 to 9.4 days for serial intervals (17) and
~12.5 days for generation times (12). We suggest a
limited occurrence of presymptomatic transmission,
on the basis of the estimated distribution of the in-
fectious period and available data on serial intervals.
This finding is again in contrast with MPXV clade IIb,
for which substantial presymptomatic viral shedding
and transmission has been demonstrated (18,19).

The estimated R, for MPXV clade I in the DRC in
2024 has been hovering around values that are com-
patible with historical estimates of 0.75-0.86 (20-22),
below the epidemic threshold of 1. However, the R
estimated for the Kamituga Health Zone, South Kivu
province, where a recently identified subclade has
emerged (5), was above threshold; the mean value of
R was from 1.08 to 1.18 (95% CrI 0.96-1.27). This sub-
stantially higher value, compared with historical esti-
mates, might be caused by possible viral adaptation to
human transmission, as well as by higher local contact
rates because of sexual transmission given the concen-
tration of sex workers associated with the mining in-
dustry in the region (L.M. Masirika et al., unpub. data).

2044

We acknowledge that parameter estimations
could be affected by small sample sizes and by the
limitations of primary studies, which makes extrapo-
lating results to other transmission settings difficult
(7-10). Further quantitative epidemiologic studies are
warranted to improve the knowledge on this emerg-
ing pathogen. The precise estimation of R may be
distorted by time-varying diagnostic delays, which
shifts forward the epidemic curve and adds stochas-
tic noise to the time series of cases. Estimation of R,
might also be affected by potential improvements in
surveillance over time at the national level because
of the outbreak declaration, by assumptions on the
frequency of cases associated with zoonotic spillover,
and by heterogeneous case definitions (laboratory-
confirmed cases for the national-level curve vs. any
hospitalized case for the Kamituga curve). Nonethe-
less, we do not expect the general conclusions to be
affected by these potential biases. Estimates of the re-
production numbers might further be affected by the
uncertainty of the distribution of the generation time;
we note that, in principle, this distribution may be
different for sexual transmission, which is currently
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the main route in South Kivu. However, estimates of
reproduction numbers were relatively stable when
using the 2 alternative generation time distributions
estimated from heterogeneous datasets.

Those results show a distinct timing of MPXV
clade I epidemiology compared with MPXV clade
ITb, which suggests the need for investigations into
the contribution of sexual transmission and associ-
ated serial intervals and generation times, and also
provides useful parameters for monitoring and
modeling the transmission dynamics of MPXV clade
I. Finally, if not controlled with contact tracing and
vaccination, this continued relatively low-level but
persistent transmission of MPXV clade I in the DRC
could lead to further evolution of the virus toward
higher person-to-person transmissibility and fur-
ther spread beyond the current geographic focus of
transmission (23).

This article was published as a preprint at
https:/ /www.medrxiv.org/content/10.1101/
2024.05.10.24307157v1.
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