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Mpox has spread rapidly to many countries in nonendemic
regions. After reviewing detailed exposure histories of 109
pairs of mpox cases in the Netherlands, we identified 34 pairs
where transmission was likely and the infectee reported a
single potential infector with a mean serial interval of 10.1
days (95% credible interval, 6.6-14.7 days). Further
investigation into pairs from 1 regional public health service
revealed that presymptomatic transmission may have
occurred in 5 of 18 pairs. These findings emphasize that
precaution remains key, regardless of the presence of
recognizable symptoms of mpox.
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The current mpox outbreak was declared a public health emer-
gency of international concern by the World Health
Organization on 23 July 2022 [1]. Monkeypox virus infection
is spreading predominantly among men who have sex with
men (MSM) in countries that have not reported cases of the dis-
ease previously [2].

Many key characteristics of mpox are unknown for this new
mode of transmission. One such characteristic is the serial in-
terval, defined as the time between symptom onset of primary
and secondary cases [3]. Knowledge of the serial interval is key,
as it informs the reproduction number and the required
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intensity of control measures to stop an outbreak and of the
possibility of presymptomatic transmission. Current estimates
of the mean serial interval of mpox vary with a recent study es-
timating the mean serial interval as 5.6 days [4], whereas esti-
mates have been reported of 8.5 days in the United States [5],
9.5 days in the United Kingdom [6], and 12.5 days in Italy
[7]. There is no general consensus on an estimate of mean serial
interval for the current mpox outbreak, largely due to the lim-
ited availability of reliable data.

In this work, we investigate paired cases in the recent mpox
outbreak in the Netherlands to estimate the mode, the mean,
and the standard deviation (SD) of serial intervals and to esti-
mate the proportion of transmission events that occur before
the reported symptom onset date of the infector.

METHODS

We identified 109 pairs of laboratory-confirmed and notified
mpox cases in the national registry with a symptom onset for
the reported infector from 20 May to 3 September 2022, and a
symptom onset date for the reported infectee from 24 May to
6 September 2022. All paired cases self-identified as MSM. The
data were collected using contact tracing. The regional public
health services that collected the data rated the reliability of self-
reported symptom onset dates (into 3 categories: unreliable,
plausible, or reliable), and assessed the likelihood of transmission
between 2 cases (into 3 categories: unlikely, likely and the infect-
ee selected an infector among several contacts, or likely and the
infector is the only contact reported for the infectee). The report-
ed symptom onset was defined for any symptom associated with
Monkeypox virus infection [8]. We report descriptive statistics of
the classified data, and details about statistical methods are de-
scribed in the Supplementary Materials.

RESULTS

Using all 109 pairs of notified mpox cases in the national reg-
istry, the mean of observed interval between symptom onsets
was 6.3 days with a SD of 6.1 days (Figure 1A). The intervals
ranged from —10 to 24 days, with multiple modes at 0, 4, and
8 days. The observed variation in interval duration was ex-
plained to a large extend by the likelihood of transmission be-
1 and
Supplementary Materials). After categorizing the likelihood

tween the paired cases (Supplementary Table
of transmission between 2 cases, 34 pairs with reliable symptom
onset dates were classified as likely and reported only 1 infector.
The crude mean serial interval for those 34 pairs from all public
health services was 9.4 days (SD, 6.2 days). The serial intervals
ranged from 1 to 24 days, with a mode at 8 days. To allow for
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Figure 1. Time scale of observed transmissions. A, Reported time differences between symptom onsets (n = 109). Colors show the reliability of reporting; the reliability of

self-reported symptom onset dates was rated (unreliable, plausible, and reliable) and the likelihood of transmission between 2 cases was categorized (contact is unlikely,
contact is likely and the most plausible one among several reported contacts, contact is likely and the only contact reported for the infectee). B, The pooled serial interval is
estimated as the average duration between symptom onset dates of a pair, incorporating random effects specific for regional public health services. Black plots represent
mean values of posterior distributions, and whiskers show the 95% credible intervals (Crls). C, Transmission pairs notified by a single regional public health service (n = 18).
Circles and triangles indicate symptom onset of infectors and infectees, and the cross-point is the exact date of exposure between the paired cases (if available). If the
exposure date was reported as consecutive days, the time interval is visualized as a shaded bar.

potential differences between public health services in detect-
ing, classifying, and reporting, we used a hierarchical
Bayesian framework where each public health service was treat-
ed as a random effect. The pooled mean serial interval over all
public health services was 10.1 days (95% credible interval
[CrI], 6.6-14.7 days) with SD of 6.1 days (95% Crl, 4.6-8.0
days) (Figure 1B). These results were obtained using a normal
distribution to describe the serial interval distribution, and sim-
ilar results were obtained when repeating the analysis using a
gamma distribution (mean, 10.3 days [95% Crl, 7.6-14.1]
days; SD, 6.3 days [95% CrI, 4.5-9.0 days]).

Given the estimated pooled mean serial interval of 10.1 days
(SD, 6.1 days) based on the subset of 34 pairs, we can translate
the observed doubling time into the effective reproduction

number R (ie, the number of secondary cases produced by a
typical primary case) [9]. The range of values for the reproduc-
tion number R was estimated to be 1.3-1.6, using the average
doubling time of 11.2-20.5 days during June 2022 in the
Netherlands, before implementing the mass vaccination cam-
paign (see Supplementary Materials for a detailed derivation
of the reproduction number).

For a subset of 18 pairs from a single public health service,
the exposure dates were further investigated. Among the 18
pairs, 5 pairs (28%) reported contact with an infector prior to
the self-reported symptom onset date of the infector and 8 pairs
(44%) reported contact with an infector after the self-reported
symptom onset date of the infector; for the remaining 5 pairs
(28%), the time of exposure was reported as unknown
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(Figure 1C). The close investigation of timing of exposure and
symptom onset in these 18 pairs revealed that transmission can
occur from 4 days before to 8 days after symptom onset of the
infector, with an average duration from symptom onset to on-
ward transmission of 2.2 days (SD, 3.9 days). Additionally, we
estimated the average time between exposure and symptom on-
set (ie, incubation period) for these 18 pairs (mean, 8.1 days
[SD, 4.4 days]), and the mean serial interval can be calculated
as the sum of these mean durations, which was 10.3 days
(SD, 5.9 days).

DISCUSSION

The present study offers empirical evidence that the average
duration of the serial interval of mpox was around 10 days
based on the most reliable reported transmission pairs (34 of
109 pairs) in the Netherlands. Without strict conditions on
the reliability of reporting and likelihood of transmission of in-
fection, the mean interval between symptom onsets among all
109 pairs had a shorter duration of about 6 days.

Our observations showed that the time intervals between
symptom onsets of reported pairs were highly variable and cov-
ered a wide range, without a clearly defined single mode. The
wide range is consistent with variable mean values reported
in earlier studies [5, 7]. These observations could be explained
to a large extent by the likelihood of transmission of infection,
as reported by the public health services. For the most reliable
reported transmission pairs, the range of serial intervals is con-
sistent with an infectious period that starts before and ends af-
ter the entire duration of symptoms as reported by the case.
Many cases might refrain from at-risk contacts while sympto-
matic, either from pain or to reduce the risk of transmitting
to their partners. As a consequence, transmission could occur
before symptom onset and for a certain fraction of cases possi-
bly after symptoms have disappeared. This behavioral factor
gives a shorter mean and flatter distribution of the serial inter-
val for mpox compared to smallpox, a related Orthopoxvirus,
although epidemiological characteristics for those 2 viruses
were often considered to be comparable [10]. The difference
in the serial interval could be facilitated by high intensity of ex-
posures to mpox via sexually associated transmission routes
during the current outbreak—in fact, the incubation periods
for human mpox and invasive smallpox infections are remark-
ably similar [10, 11].

The frequency of transmission before a case has recognized
symptoms is considerably lower than a previous report sug-
gested [6], but the existence of this presymptomatic transmis-
sion has important implications for the outbreak control.
There is a substantial risk of onward transmissions if infected
individuals are unknowingly infectious. Mpox cases without
any noticeable symptoms have been reported in Belgium
[12], and a high viral load has been observed around the

time of symptom onset among patients in the United
Kingdom [13]. It is likely that infected individuals are capable
of sustaining a high viral load even before symptom onset;
thus, additional effort on monitoring and informing high-risk
contacts without symptoms to adhere to temporary preven-
tive measures may be required.

The duration of the mpox serial interval implies that the
growth of the epidemic in the Netherlands was caused by the
range of reproduction numbers between 1.3 and 1.6, which is
consistent with other studies [14, 15]. This estimate, in turn,
suggests that control measures should be sufficiently effective
to prevent (1 — 1/1.6) X 100% = 38% of all potential secondary
cases on average. Even if control measures such as contact trac-
ing fail to catch the majority of contacts, they might still be
highly effective in contributing to the prevention of further
spread.

Our results should be interpreted with several caveats. Our
analysis is restricted to cases who identified only a single infec-
tor, which may cause selection bias toward longer serial inter-
vals because the excluded cases with multiple reported sexual
contacts might have a higher frequency of sexual contact result-
ing in a shorter time to transmission. The analysis relies on self-
reported contact history and symptom onset by notified cases.
It is possible that co-primary infection pairs are incorrectly
classified as primary-secondary infection pairs, resulting in a
bias toward lower values. Heterogeneity in case finding, contact
tracing, and reporting was mitigated by categorizing the pairs
by the reporting public health service and treating the differ-
ence among public health services as a random effect in the
analysis. Serial intervals could vary over the course of an epi-
demic, and the estimate could be biased due to right-censoring
of observations induced by increasing epidemic growth, vacci-
nation coverage, or behavioral changes due to heightened
awareness. This effect is expected to be small as the study period
covers both the growing and declining phases of the epidemic,
and as the mass vaccination campaign started from 25 July on-
ward when incidence was already low [8].

In conclusion, we have estimated the mean serial interval
and showed that the current mpox outbreak in the
Netherlands was driven by a moderate range of effective repro-
duction numbers. The estimate of the mean serial interval is
conditional on the increased awareness of the disease, concom-
itant behavior change, and increased immunity from natural
infection and vaccination. If activity in the affected community
goes back to the pre-outbreak level, and if immunity is insuffi-
cient among those at risk, there remains a risk of outbreaks or
reintroduction of the virus. Our study also found that a minor-
ity of the cases might transmit infection before recognizable
symptoms. This highlights that awareness remains key, regard-
less of the presence of recognizable symptoms, to mitigate the
public health impact of resurging mpox.
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Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
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