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ABSTRACT

Background

May 2022, several countries reported mpox outbreaks among men-who-have-sex-with-
men. In the Netherlands, high-risk contacts were offered the third-generation smallpox
vaccine as post-exposure-prophylaxis (PEP) within 4 but maximum 14 days after exposure.
We investigated their PEP acceptance, timeliness of uptake and development of mpox for
the region of the Public Health Service (PHS) Amsterdam.

Methods

High-risk contacts identified during 20 May—22 July 2022 were included. Contacts were
followed-up 21 days after exposure and classified as: no patient (no mpox symptoms or
orthopoxvirus PCR-negative) or mpox patient (clinically suspected mpox or orthopoxvirus
PCR-positive). We calculated time intervals between date of last exposure and first PHS

consultation, PEP administration, and symptom onset.

Results

Two-hundred-ninety contacts were at high-risk of mpox predominantly due to sexual
and/or direct skin-skin contact (212/290, 73%). First PHS consultation was a median of 5
(1QR 3, 7) days after exposure, at which point 26/290 (9%) contacts were ineligible for PEP.
84% (223/264) of contacts eligible for PEP, received PEP within a median of 6 (IQR 3, 8)
days after exposure. Of 282 contacts (missing outcome n = 8) 38 (14%) developed mpox a
median of 7 (IQR 5, 12) days after exposure, of whom 50% (19/38) developed mpox before
their first PHS consultation. Among contacts eligible for PEP, 2/38 (5%) unvaccinated and
16/218 (7%) vaccinated contact developed mpox.

Conclusions

PEP acceptance among contacts of mpox patients was high. However, PEP timeliness was
inadequate. Half of contacts received PEP 6 or more days after exposure, and half of
contacts who developed mpox had an onset prior to their first PHS consultation. Estimating
PEP vaccine effectiveness is problematic due to the timeliness of PEP and the time it takes
to generate vaccine-induced immunity. It is important to assess how PEP timeliness may
improve and to promote pre-exposure vaccination to control mpox outbreaks.



BACKGROUND

In May 2022 several European countries reported cases of mpox among men who identified
as men-who-have-sex-with-men (MSM) [1, 2]. The World Health Organization declared the
mpox outbreak a Public Health Emergency of International Concern on 23 July 2022 and

cases were eventually reported in 111 countries [3, 4].

Individuals infected with monkeypoxvirus (MPXV) may develop (vesicular/pustular) rash
and/or systemic symptoms such as fever and lymphadenopathy in their incubation period
within 3-21 (median 7-9) days after exposure [5, 6, 7, 8]. Patients are considered infectious
from symptom onset until re-epithelisation of the skin lesions, but pre- and asymptomatic

transmission occur [9, 10].

The first mpox patient in the Netherlands was reported on 20 May 2022. Mpox became
notifiable by law on 21 May, meaning physicians were to notify suspected mpox cases to
regional Public Health Services (PHS) as soon as possible to allow preventive measures
[11]. Besides (suspected) case isolation, source and contact-tracing was used to curb
transmission whereby PHS identified contacts who were at high- or medium-risk of MPXV
infection. High- and medium risk contacts were asked to quarantine and were offered one
dose of modified vaccinia Ankara vaccine (MVA-BN; Bavarian-Nordic, Imvanex®) as post-
exposure prevention (PEP) preferably within 4 but maximum 14 days after exposure [11].
Additionally, a pre-exposure vaccination (PrEP) campaign started on 25 July 2022 aiming at
those at highest risk of MPXV exposure through sexual contact. Eligible individuals received
two MVA-BN vaccines with an interval of 4—6 weeks for optimal protection, except for
those who had received smallpox vaccination in the past, for whom one dose of MVA-BN
was recommended. Also, individuals who received the vaccine as PEP and who did not
develop mpox but were considered continuously at-risk of MPXV exposure, were offered
a second vaccine to complete their PrEP series.

MVA-BN is a third-generation, live-attenuated, but non-replicating smallpox vaccine.
Evidence on the efficacy, immunogenicity and vaccine effectiveness (VE) of the MVA-BN
vaccine against mpox is limited. Recent studies on MVA-BN as PrEP suggested a VE ranging
from 36 to 86% against mpox disease after one, and 66% after two doses [12, 13, 14]. Other
research, however, showed that the third-generation smallpox vaccine likely induces less
virus-neutralising antibodies compared to the first-generation vaccine and that they may

take more than two weeks to develop [15, 16].

Contrary to PrEP where an individual is given a complete course of vaccination (two
doses) to prevent mpox in case of future exposure, PEP is given after MPXV exposure and



consists of one dose. Not much is known about the effectiveness of PEP, but breakthrough
infections have been reported, although this may be mainly due to late administration
of PEP [17, 18]. The expected VE of vaccines used as PrEP may not apply when they are
used as PEP [19].

Here, we present the characteristics of high-risk contacts exposed to a confirmed mpox
index, and investigate their PEP uptake, timeliness of PEP and development of mpox
symptoms for the region of PHS Amsterdam.

METHODS

Study design and population

We performed a retrospective observational study of individuals identified as at high-risk
of MPXV exposure through contact-tracing of notified confirmed mpox patients by the
PHS Amsterdam between 20 May up and to 22 July 2022. Low and medium risk contacts
were excluded (Box 1).



Box 1. Categorisation of high, medium and low risk contact with an mpox index during the
outbreak in the Netherlands, as of July 2022

High-risk contact: a person with (one of) the following types of contact with an mpox
case during their infectious period

a. Any type of sexual contact

b. Intensive skin-skin contact (such as hugging, kissing)

c. Household contact, excluding intensive skin-skin contact and sexual contact

d. Unprotected direct contact with a mpox patient and/or contaminated patient
material

e. Laboratory employees with unprotected exposure accident to contaminated
material

Medium-risk contact: a person with (one of) the following types of contact with an
mpox case during their infectious period

a. Unprotected prolonged (cumulative more than 2 hour) face-to-face contact within
1.5 meter distance (such as caregivers without a mouth and nose mask, in social
situations including public transport)

Low-risk contact : a person with (one of) the following types of contact with an mpox
case during their infectious period

a. Unprotected short (cumulative less than 2 hour) face-to-face contact within 1.5
meter distance (such as caregivers without PPE)

b. Fellow airline travelers (with a journey time more than 8 hours) within 1.5 meter
distance (1-2 seats around the index) and without social interaction

c. Social short (cumulative less than 2 hour) face-to-face contact within 1.5 meter
distance




Contact-tracing

After notification of a suspected index to the PHS by a treating physician, a PHS professional
collected, using a standardised form, information from the index on their demographics,
source of infection, type of exposure, and the number and type (low, medium or high)
of contacts during their infectious period. After the infection of the suspected index
was confirmed, and if contact details were available and provided by the index, the PHS
informed the high-risk contacts for counselling and preventive measures which included
the offer of PEP, the advice to quarantine for 21 days after last MPXV exposure, and to
abstain from close contact with household members and/or sexual activities. The PHS
professional assessed eligibility for PEP (see Definitions) during this telephonic counselling
session. Individuals eligible for PEP were informed in advance about the procedure before
and after vaccination. Eligible high-risk contacts who wished to receive PEP were offered an
appointment as soon as possible at the PHS where a PHS nurse administered the vaccine.
They were asked about any signs and symptoms before being vaccinated, and instructed
how to contact the PHS in case of any side effects or symptoms occurring after vaccination.
A PHS professional actively monitored high-risk contacts daily by telephone or mail for
mpox symptoms conform national guidelines. This daily monitoring protocol changed
to twice weekly end of June, and to a passive follow-up protocol mid July 2022 conform
national guidelines. Contacts were then, after receiving counselling, requested to self-
report to the PHS in case any symptoms consistent with mpox developed during their
guarantine period.

Definitions

Contacts were defined as high-risk conform national guidelines (Box 1) [11]. Unspecified
high-risk contact was defined as contacts who were classified by the PHS as high-risk
contacts conform national guidelines but for whom the specific nature of the high-risk
exposure (e.g. sexual contact or household) was not specified in the electronic database.

If a contact developed mpox symptoms during their 21-days follow-up period they could
become a confirmed or a probable mpox patient. Confirmed mpox patients were defined
as contacts who tested PCR-positive for orthopoxvirus (with or without additional MPXV
confirmation by sequencing or MPXV-specific PCR). Probable patients were defined
as contacts who reported mpox symptoms (skin lesions consistent with mpox and/or
complaints consistent with proctitis and/or one or more systemic symptoms) and were
clinically judged by a PHS professional or physician as suspected mpox, but who were
not PCR-tested for MPXV. During the passive follow-up period (see Contact-tracing), we
assumed that contacts who did not report to the PHS during their quarantine period did
not develop mpox symptoms. Contacts were considered lost to follow-up if they moved
abroad or if they never responded to any of the PHS phone calls or e-mails. To assess the



acceptance of PEP among high-risk contacts, we assumed that those who never responded
to any form of contact from the PHS did not accept the vaccination. PEP eligible contacts
were defined as high-risk contacts who did not have mpox at time of first PHS consultation
and who received their first PHS consultation within 14 days after exposure.

Data collection

Data on contacts were collected as part of epidemiological routine surveillance through
contact-tracing and put into an electronic database (HPzone). For analyses, the following
data on high-risk contacts were retrospectively extracted from HPzone: age, sex, type of
exposure, date of most recent exposure (date of first exposure was unavailable), date of
contact with the PHS, historic smallpox vaccination status, MVA-BN vaccination status and
date of first and, if applicable, second vaccination, whether the contact developed mpox

symptoms and was tested for mpox during their 21-day quarantine period.

Statistical analyses

We used descriptive statistics to characterise the high-risk contacts, and calculated the
following median time intervals (days) with interquartile range (IQR) between: 1) date
of most recent exposure and a) first PHS consultation b) PEP administration c) symptom
onset; 2) date of first contact with the PHS and date of a) PEP administration, b) symptom
onset, and; 3) PEP administration and date of symptom onset. Statistical analyses were
performed in R 4.0.2.

RESULTS

Characteristics of high-risk contacts

From 20 May up and to 22 July 2022 a total of 290 individuals were identified by the
PHS Amsterdam as high-risk contacts of an mpox index (Table 1). Of these high-risk
contacts, 271/287 (94%) (denominators deviate due to missing data) were male by birth.
The contacts had a median age of 36 (min 8 — max 72) years and included six children
between 8 and 13 years old. MPXV exposure occurred predominantly through sexual
and/or direct skin-skin contact (212/290, 73%). In 10% (28/290) the exposure occurred
through household contact. Seven contacts reported exposure through healthcare work,
four through intensive face-to-face contact and three through contact with contaminated
material. In 12% (36/290) the type of high-risk contact was unspecified. Among the six
children, five were exposed through direct skin-skin and one through household contact.
Almost all contacts (282/290, 97%), completed the 3 week period of follow-up the majority
of whom (partially) passively (174/282, 60%).
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Table 1. Characteristics of high-risk contacts of mpox indexes identified through contact-
tracing at PHS Amsterdam, 20 May up and to 22 July 2022 (N=290).

Contacts of mpox indexes

Characteristics N %
Total 290 100
Age in years median, (min; max) 36 (8; 72)
Born before 1978 82 29
Unknown 7
Sex at birth
Female 16 6
Male 271 94
Unknown 3

Smallpox vaccinated before 1978

Unvaccinated 22 44
Vaccinated 28 56
Unknown 240
Type of exposure
Sexual contact 119 41
Skin-skin contact 93 32
Household contact 28 10
Unprotected contact with contaminated material 3 1
Intensive face-face contact? 4 1
Healthcare worker 7 2
Unspecified high-risk contact® 36 12
Mpox symptoms prior to first PHS consultation
No 268 93
Yes 19 7
Unknown 3
Vaccinated with MVA-BN as PEP
No 63 22
Yes 227¢ 78
Number of MVA-BN doses received
One 80 35

Two 147 65

174



Acceptance and timeliness of mpox PEP

Contacts of mpox indexes

Characteristics N %
Reasons no MVA-BN as PEP
Not reached 2
No show 2
Rejected 22 45
Symptoms 20 41
More than 14 days after exposure 3 6
Unknown personal reason 14

Tested for mpox

No 208 76
Yes, once 57 21
Yes, twice 8 3
Unknown 17

Completed 21-day active follow-up

No, received (partially) passive follow-up 174 60
Yes, received active follow-up 108 37
Lost to follow-up 8 3
Developed mpox® during three week quarantine period

No 244 87
Probable 7 3
Confirmed 31 11
Unknown due to loss to follow-up 8

PHS = public health service? classified by the PHS as high-risk due to prolonged unprotected face-to-face
contact for more than two days without being officially household contacts ® person who reported (one of) the
following types of contact with a confirmed mpox patient during their infectious period in their PHS counselling
session but for whom the high-risk contact was not further specified in the electronic database: i) any type
of sexual contact; ii) intensive skin-skin contact, such as hugging or kissing; ii) household contact, excluding
intensive skin-skin and sexual contact; iv) unprotected direct contact with a mpox patient and/or contaminated
patient material v) laboratory employees with unprotected exposure accident to contaminated material.
¢Including 4 contacts who were ineligible for vaccination according to national guidelines as they received
their first PHS consultation >14 days after exposure ¢ Confirmed patients =contacts who tested PCR-positive
for orthopoxvirus (with or without additional MPXV confirmation by sequencing or MPXV-specific PCR);
Probable patient= contacts who reported mpox symptoms (i.e. skin lesions consistent with mpox and/or
complaints consistent with proctitis and optionally one or more systemic symptoms) and were clinically
suspected by the PHS professional and/or physician as having mpox, but who were not PCR-tested for MPXV.

Vaccine uptake

Of all 290 high-risk contacts, 264 (91%) were eligible and 26 (9%) ineligible for PEP
vaccination conform national guidelines at first PHS consultation. Of the 26 ineligible
contacts, 19 were ineligible as they experienced mpox symptoms prior to their first PHS
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consultation and seven were ineligible as they received their first PHS consultation or were
offered PEP vaccination more than 14 days after MPXV exposure. Of the seven who were
ineligible due to the interval of 14 days, four did receive PEP vaccination despite being
ineligible for PEP (Figure 1).

Of the 264 contacts eligible for PEP vaccination, 223 (84%) received one dose of MVA-BN
as PEP, of whom more than half (66%, 147/223) received their second dose 4-6 weeks
after their first dose to complete their scheme according to a PrEP series. Reasons for
not receiving PEP among the eligible contacts were: unwillingness to vaccinate (22/41),
development of mpox symptoms soon after first PHS consultation (1/41), no show (2/41),
and not reached (2/41). For 14 contacts the personal reason for not receiving PEP was

unspecified.
| 290 contacts identified as at high-risk of mpox between 20 May up and to 22 July 2022 | 26 contacts ineligible for vaccination at
i first PHS i
| 264 contacts eligible for vaccination at first PHS consultation I + 19 experienced mpox symptoms
1 prior to first consultation
[ 1 * 3 had their first PHS consultation
223 contacts were PEP vaccinated on median 41 contacts remained PEP unvaccinated. Reasons: more than 14 days after MPXV
day 6 after most recent MPXV exposure * 22 rejected the vaccine exposure
* 1developed symptoms soon after first PHS * 4 received PEP despite it being more
consultation than 14 days after MPXV exposure
« 2did not show up at vaccination appointment (day 16, 18, 18 and 32). One of these
- * 2 were not reached (vaccinated on day 18) developed
S fd * In 14 the reasons was unspecified symptoms on day 20 after MPXV
contacts lost to ——
follow-up -
3 unvaccinated
— contacts lost to
follow-up
16 vaccinated contacts developed mpox a median
of 7 days after most recent MPXV exposure and 3
days after PEP administration 2 unvaccinated contacts developed mpox
1
Vaccination x most recent MPXV exposure
© mpox symptoms
Contact 1 x
Contact 2
Contact 3 o—x
Contact 4 0
Contact 5 10
Contact 6 x
Contact 7 x
Contact 8 X——1—0
Contact 9
Contact 10 S E—]
Contact 11
Contact 12 0
Contact 13 10
Contact 14 S E—]
Contact 15
Contact 16
9 8 76-5-4-3-2-1012345%6 78910 11 12 13 14 15 16 17
Days since vaccination

Figure 1. Flowchart of PEP vaccination and development of mpox symptoms in high-risk
contacts of mpox index identified through contact-tracing at PHS Amsterdam, 20 May up

and to 22 July 2022 (N=290)
PHS = public health service; PEP = post-exposure prophylaxis with MVA-BN, MPXV = monkeypoxvirus



Of the 264 contacts eligible for PEP vaccination, 223 (84%) received one dose of MVA-BN
as PEP, of whom more than half (66%, 147/223) received their second dose 4-6 weeks
after their first dose to complete their scheme according to a PrEP series. Reasons for
not receiving PEP among the eligible contacts were: unwillingness to vaccinate (22/41),
development of mpox symptoms soon after first PHS consultation (1/41), no show (2/41),
and not reached (2/41). For 14 contacts the personal reason for not receiving PEP was
unspecified.

Timeliness of PEP

As Fig. 2 shows, all contacts were informed and assessed by the PHS within a median of
5 (IQR 3, 7) days after most recent exposure with a range of -4 to 31 days showing that
some contacts had ongoing exposure after PHS consultation, resulting in a negative time
interval (denominators deviate due to missing data on dates). The 223 contacts eligible
for and receiving PEP received the first vaccination within a median of 1 (IQR 0, 1; range O,
9) day after their first PHS assessment and a median of 6 (IQR 3, 8) days after most recent
exposure with a range of -4 to 14 days showing some contacts had ongoing exposure after
vaccination, resulting in a negative time interval.

The 4 contacts who received vaccination despite being ineligible for PEP did so 16 to 32
days after most recent exposure (Fig. 1).

Exposure 2 to first i
PHS consultation I ! i
(n=252) o T 1 !
Exposure to PEP i :
administration® s s o BN B o |
(n=191) H i
symptom onset &9 H 1
(n=24) H H
PHS consultation to
PEP administration i D 1
(n=223)
PHS consultation : ;
tosymptomonsete——— [ ] !
(n=35)
PEP administration |
to symptom onset F:I: |
(n=16)
-7 6-5-4-3-2-1012345%6 7 89 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Time interval in days

Figure 2. Time intervals in high-risk contacts op mpox indexes, Amsterdam, the Netherlands,
20 May — 22 July 2022



Figure 2 Continued

The figure shows the time intervals (days) between most recent exposure and PHS consultation, PEP
administration and symptoms onset; PHS consultation and PEP administration and symptom onset; PEP
administration and symptom onset. For example: the median time between most recent exposure and
first PHS consultation was 5 days with an interquartile range of 3 and 7 days and a range of -4 and 31
days, showing that some contacts had ongoing exposure after PHS consultation resulting in a negative time
interval. Numbers deviate due to missing data on date of PHS consultation and/or PEP administration and/
or symptom onset. PHS = public health service; PEP = post-exposure prophylaxis vaccination. ® most recent
exposure, as date of first exposure was unavailable, ® among contacts eligible for vaccination ¢from both
probable and confirmed mpox. Confirmed patients = contacts who tested PCR-positive for orthopoxvirus
(with or without additional MPXV confirmation by sequencing or MPXV-specific PCR); Probable patient=
contacts who reported mpox symptoms (i.e. skin lesions consistent with mpox and/or complaints consistent
with proctitis and optionally one or more systemic symptoms) and were clinically suspected by the PHS
professional and/or physician as having mpox, but who were not PCR-tested for MPXV, ¢ excluding eight
contacts with continuous exposure, *minimum interval -15 days.

Development of mpox symptoms

Eight contacts (3%) were lost to follow-up during their three week quarantine period,
of whom five had received and three had not received PEP. Of the 282 contacts with
a complete follow up, 38 (14%) contacts developed mpox symptoms, among whom 31
were laboratory confirmed and 7 were probable infections. Half of the contacts with
mpox (19/38; 50%) had developed mpox before they were reached by the PHS and were
therefore ineligible for PEP. Two of the 38 contacts with mpox were eligible for PEP but
were not vaccinated: one refused and one developed mpox before the vaccine could be
administered. Seventeen contacts developed symptoms despite PEP vaccination, of whom
one received PEP more than 14 days after exposure and had been therefore ineligible for
PEP according to national guidelines (Fig. 1).

As Fig. 2 shows (denominators deviate due to missing data on dates), the contacts with
mpox had an onset of symptoms within a median of 7 (IQR 5, 12; range 0, 22) days after
most recent exposure, excluding eight contacts who reported continuous exposure to
the index making it difficult to determine time between exposure to symptom onset.
Development of mpox symptoms was highest among contacts who had MPXV exposure
through sexual contact (23%, 27/118), followed by direct skin-skin contact (9%, 8/90) (Table
2). None of the children or healthcare workers developed mpox symptoms.



Acceptance and timeliness of mpox PEP

Table 2. Proportion of contacts developing mpox among high-risk contacts of mpox
indexes during their three week quarantine period by type of exposure, PEP eligibility, and
post-exposure prophylaxis vaccination status, Amsterdam, the Netherlands (N = 282)?,
20 May — 22 July 2022

Number Total Percentage
PEP vaccination of mpox number of of contacts
Type of exposure PEP eligibility® status patients contacts with mpox
All high-risk Overall 38¢ 2822 14%
PEP ineligible? 20 26 77%
PEP eligible PEP unvaccinated 2 38 5%
PEP vaccinated 16 218 7%
Sexual Overall 27 118 23%
PEP ineligible 14 17 82%
PEP eligible PEP unvaccinated 1 13 8%
PEP vaccinated 12 88 14%
Direct skin-skin Overall 8 90 9%
PEP ineligible 3 4 75%
PEP eligible PEP unvaccinated 1 14%
PEP vaccinated 4 79 5%
Household Overall 2 28 7%
PEP ineligible 2 67%
PEP eligible PEP unvaccinated 0 0%
PEP vaccinated 0 17 0%
Intensive face- Overall 0 4 0%
face
PEP ineligible NA NA NA
PEP eligible PEP unvaccinated 0 2 0%
PEP vaccinated 0 2 0%
Healthcare Overall 0 7 0%
worker
PEP ineligible NA NA NA
PEP eligible PEP unvaccinated 0 2 0%
PEP vaccinated 0 5 0%
Contaminated  Overall 0 3 0%
material
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Table 2 Cotinued

Number Total Percentage
PEP vaccination of mpox number of of contacts
Type of exposure PEP eligibility® status patients contacts with mpox
PEP ineligible NA NA NA
PEP eligible PEP unvaccinated 0 3 0%
PEP vaccinated NA NA NA
Unspecified Overall 1 32 3%
high-risk
PEP ineligible 1 2 50%
PEP eligible PEP unvaccinated 0 3 0%
PEP vaccinated 0 27 0%

PEP = post-exposure prophylaxis with MVA-BN. 28 missing on disease outcome due to lost to follow-up (3
unvaccinated and 5 vaccinated contacts) ® PEP eligible contacts were defined as high-risk contacts who did
not have mpox at time of first PHS consultation and who received their first PHS consultation within 14 days
after exposure.both probable (n=7) and confirmed (n=31) mpox. Confirmed patient = contacts who tested
PCR-positive for orthopoxvirus (with or without MPXV confirmation by sequencing or MPXV-specific PCR);
Probable patient = contacts who reported mpox symptoms (i.e. skin lesions consistent with mpox and/or
complaints consistent with proctitis and optionally one or more systemic symptoms) and who were clinically
suspected by the PHS professional and/or physician as having mpox, but who were not PCR-tested for
MPXV. ¢including 19 contacts who experienced mpox before their first PHS consultation and were therefore
ineligible for PEP, and 7 contacts who received their first PHS consultation >14 days of whom 4 received PEP
despite being ineligible for PEP.

Of all 256 contacts who were eligible for PEP and with complete follow-up (denominators
deviate due to missing data on outcome in 5 vaccinated and 3 unvaccinated contacts),
18 (7%) developed symptoms: 16/218 (7%) PEP vaccinated and 2/38 (5%) unvaccinated
contacts developed symptoms (Fig. 1; Table 2). Most contacts eligible for PEP did not
develop symptoms (93%, 238/256), despite 36 not having received the vaccination.

The vaccinated eligible contacts who developed mpox (n = 16) had a symptom onset within
a median of 7 (IQR 6, 13; range -1, 22) days after most recent exposure and 3 (IQR 1, 7;
range 0, 16) days after vaccination (Fig. 1).

Among the vaccinated eligible contacts, those who developed mpox had received PEP a
median of 5 (IQR 4, 6; range —4; 9) days after most recent exposure, compared to a median
of 6 (IQR 4, 8; range -2, 14) days for those who did not develop mpox.

Among eligible contacts who received PEP within the 4 days after most recent exposure
9% (4/47) developed mpox regardless of vaccination, which was similar for contacts who
received PEP 4-14 days after most recent exposure (9%, 12/141) (denominators deviate
due to missing data on time between PEP and exposure n = 32, and outcome n = 3).



DISCUSSION

We described the high-risk contacts of mpox cases and the acceptance and timeliness of
PEP during the first nine weeks of the mpox outbreak for the region of PHS Amsterdam, 20
May up and to 22 July 2022. The majority of contacts were identified as high-risk of mpox
through sexual and/or direct skin-skin contact. Overall, 84% of the contacts eligible for
PEP were vaccinated with MVA-BN within one day after first PHS assessment, showing a
high vaccine uptake. The main reason for not receiving PEP despite being eligible was non-
acceptance to be vaccinated. The other prime reason for not receiving PEP was the presence
of mpox symptoms at the time of the first assessment, making these contacts ineligible for
PEP. The development of symptoms among high-risk contacts in the three week monitoring
period after last date of exposure was 14% (38 cases), half of whom had developed symptoms
before they received their first PHS consultation. Seventeen contacts, among whom sixteen
eligible for PEP, developed symptoms despite PEP vaccination. The majority of whom had
received their PEP within 6 (range -4, 9) and developed symptoms within 13 (range -1,
22) days after most recent exposure. The negative time intervals between vaccination or
symptom onset with most recent exposure indicate that some contacts reported exposure
with a confirmed mpox index after vaccination or after they developed mpox themselves.
There were no healthcare workers among the contacts who developed mpox.

Explanations for developing mpox despite vaccination might be vaccinating during the
incubation time whilst in the absence of, or not (yet) sufficient, cross-protective antibodies
to prevent mpox in an already infected individual. Despite the rapid administration of
PEP to identified contacts after first assessment, half of the contacts received PEP 6 or
more days after most recent exposure. A timeframe which includes the median incubation
period, and which exceeds the recommended preferred window of within 4 days, although
remaining within 14 days, after first exposure according to the current guidelines [11].
As our results show, half of the contacts had developed mpox symptoms upon the first

PHS consultation.

Research suggests that the median mpox incubation period is 7-9 days, whilst the average
time to seroconversion seems more than two weeks [15, 6, 7, 8]. MPXV neutralising antibodies
were observed in 10% of the participants at two weeks, increasing to 100% at four weeks
after their first MVA-BN vaccination, suggesting that vaccine-induced protection takes at
least two weeks to develop [15, 20]. The window of opportunity for PEP to prevent mpoxin
contacts is therefore very brief and for some even non-existent. This raises questions about
the usefulness of PEP to prevent mpox and whether the currently advised maximum window
for vaccination of 14 days should be reduced. However, the study on the development of
MPXV neutralising antibodies did not include participants who may have been infected with



MPXV prior to vaccination and more immunological studies are needed to investigate the
interplay between the development of an immune response following MPXV exposure and
MVA-BN, and the subsequent development of mpox disease.

Data on the timing and effectiveness of MVA-BN as PEP for mpox is scarce. A study in
prairie dogs showed a beneficial effect of MVA-BN as PEP against mortality when PEP was
given within 1-3 days after a low dose MPXV inoculation. This beneficial effect of MVA-BN
was not seen after a higher dose MPXV inoculation [21]. The short incubation period of
mpox, the timing of PEP administration and the time it takes to generate vaccine-induced
immunity suggest that for the majority of contacts PEP will be too late to prevent mpox,
although it remains to be determined whether PEP can be used to mitigate severity of
disease. Future studies should determine whether antivirals used as PEP may be more
efficient in the prevention of infection after exposure.

We were unable to calculate the vaccine effectiveness of MVA-BN PEP with the data
available. Estimating VE for mpox PEP is problematic since only contacts can be included
who were assessed timely enough by the PHS to be offered PEP, consequently excluding
cases who had an onset prior to assessment. Additionally cases who had an onset in the
period before vaccine-induced immunity is developed have to be counted as unvaccinated.
This leaves very few contacts in the analyses, with only cases who are in the tail of the
incubation distribution, limiting generalisability.

Nonetheless, MVA-BN as PEP may contribute to prevent future disease and transmission:
most individuals who are at high-risk of MPXV exposure are likely to be exposed more
than once during an outbreak. PEP has been described as an effective way of identifying
and targeting at-risk individuals for vaccination compared to a more general vaccination
campaign [22]. MVA-BN as PEP may still constitute an essential instrument in outbreak
control regardless of the lack of established vaccine effectiveness: considering an attack
rate of at most 23% after sexual contact (as seen in our cohort) it means that at least 77%
of this at-high-risk population the PEP dose will serve as the first of the two recommended
pre-exposure vaccinations. Consequently, it could be considered to offer any high-risk
contact a first vaccine dose of two pre-exposure vaccinations regardless of a specific
number of days after exposure, unless symptoms develop before the first dose or within
the period before the second dose can be administered. In the Netherlands, a second
vaccination is given after 6 weeks to those who were at continuous high-risk of MPXV
exposure for completion of pre-exposure vaccination to curb transmission in the at-risk
population. In our cohort, 66% of vaccinated PEP eligible contacts received their second
vaccine, showing the importance of contact-tracing in identifying the at-risk population
and therefore contributing in preventing future disease and spread.



Additionally, PEP may protect against severe disease [20]. One study showed a decrease in
systemic symptoms and hospitalisations due to mpox in individuals who were vaccinated
with MVA-BN more than 14 days before symptom onset compared to unvaccinated
individuals [23]. We did not assess the difference in symptoms between PEP vaccinated and
unvaccinated contacts who developed mpox. Future studies should determine whether
PEP mitigates severity of disease.

The benefit of MVA-BN as PEP can likely be increased by decreasing time between exposure
and vaccination, and if more contacts who were at-risk of MPXV are reached, e.g. through
communicating the importance of the intervention with the population at-risk, scaling up
the contact-tracing efforts and rapid access to vaccination free of charge.

There are several limitations to our study. We lack data on the date of first exposure.
Contacts might have had several days of MPXV exposure and to assess timeliness of PEP
preferably the date of first exposure is used. In our study, only the most recent MPXV
exposure date was available, which likely contributed to the slightly shorter mpox
incubation period we observed compared to previously reported in the literature [5, 6, 7, 8].
Consequently, PEP was potentially administered later than the observed median of 6 days
after MPXV exposure.

Another limitation is that the source of the high-risk contacts was not assessed in a
research setting. A high-risk contact is marked as a contact of a confirmed index, but may
have been exposed to the same source as the index or may even have been the source of
infection for the index.

Furthermore, selection bias might have occurred as it is possible that through contact-
tracing the more reachable contacts were captured, such as household members and
permanent partners, compared to casual and/or anonymous sexual partners.

Lastly, we used observational data collected through routine infection control efforts
and epidemiological surveillance. As a consequence, the data might be of lesser quality
compared to data collected in a research setting. Also, not all contacts were tested by the
end of the incubation period, whereas research shows that asymptomatic mpox infections
can occur [9, 10, 24]. Therefore, contacts who were subclinical or asymptomatic might
have been misclassified as non-cases at the end of their quarantine period. Moreover, not
all contacts were actively followed-up. In mid-July, the contact—tracing protocol changed
from active to passive follow-up, meaning that contacts had to self-report to the PHS if
they developed mpox symptoms. Therefore, contacts might have developed symptoms
without reporting to the PHS or being tested.



CONCLUSION

In our analysis of 290 high-risk contacts of mpox indexes, contacts developed mpox
predominantly after sexual and direct skin-skin contact. There were no contacts who
developed mpox among healthcare workers. PEP acceptance among high-risk contacts
eligible for vaccination was high. However, timeliness of PEP was inadequate. Half
of the contacts received PEP 6 days or more after the recorded last date of exposure.
Additionally, half of contacts who developed mpox during their quarantine period
experienced symptoms before their first PHS consultation and were therefore ineligible
for PEP. The difficulties of timely PEP administration highlight the importance of PrEP in
the control of mpox outbreaks. PEP could nevertheless still be recommended since it may
modify disease severity and also serves as PrEP.
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