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Reemergence of Clade
IIb-Associated Mpox,
Germany, July-December 2023
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In July 2023, clade lIb—associated mpox reemerged in
Germany at low levels, mainly affecting men who have
sex with men. We report a representative case and phy-
logeny of available genome sequences. Our findings
underscore the need for standardized surveillance and
indication-based vaccination to limit transmission and
help prevent endemicity.

pox is caused by infection with monkeypox vi-

rus (MPXV). Phylogenomically and clinically,
clades I and II can be distinguished; clade Il has 2 sub-
clades, Ila and IIb (1). In July 2022, the World Health
Organization (WHO) declared a global clade IIb-as-
sociated mpox outbreak a Public Health Emergency
of International Concern (2). Worldwide, >87,000
laboratory-confirmed cases were reported by the time
the emergency was declared over in May 2023 after a
marked decline in case reporting. Overall, the WHO
Region of the Americas had the highest number of
mpox cases (=59,000), followed by the European Re-
gion (=26,000), particularly Spain (=7,600), France
(=4,100), the United Kingdom, and Germany (=~3,700,
each). Since 2023, only sporadic cases have been re-
ported across Europe, and no cases were notified in
Germany during February-July 2023 (3,4).

The Study
In September 2023, a man in his 40s visited a tertiary-
care, dermatologic emergency department in Berlin
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after his general practitioner, a urologist, and a der-
matologist could not explain his 1-week history of
penile rash, tender lymph nodes, sore throat, cough,
malaise, and fever. Signs and symptoms had severely
affected his life, as reflected by a Dermatology Life
Quality Index (5) score of 20 out of 30. Examination
revealed the man to be in a reduced general condi-
tion, with inguinal lymphadenopathy, a bright red
enanthem, and multiple umbilicated penile papules
(Figure 1). The man reported a steady female partner
but also anal intercourse with an anonymous male
partner in a Berlin nightclub 28 days before symp-
tom onset. The man denied any further sexual con-
tact since that encounter and confirmed no mpox or
smallpox vaccination nor recent travels abroad.

Testing revealed MPXV-positive results (Light-
Mix Modular Monkeypox Virus; TIB MOLBIOL,
https:/ /www.tib-molbiol.de) obtained by penile
papule swab sample (cycle threshold value 27.47) and
by urine sample (cycle threshold value 35.34). The pa-
tient received antipyretic and analgetic medications.
Symptoms resolved, and MPXV PCR results were
negative 26 days after disease onset. Further tests re-
vealed negative results for hepatitis B and C viruses,
HIV, Chlamydia trachomatis, Mycoplasma genitalium,
Neisseria gonorrhoeae, and Treponema pallidum.

We considered the case-patient significant be-
cause few mpox cases were being reported in Ger-
many at the time and he had been misdiagnosed by
3 different healthcare experts despite typical manifes-
tations. An examination of national surveillance data
revealed 110 laboratory-confirmed mpox cases dur-
ing July-December 2023, after 25 weeks without case
reports (4). Men accounted for all but 1 patient; me-
dian age was 36 years (range 17-80 years). Reported
cases originated from 12 of 16 federal states, but most
notifications came from the federal state of Berlin
(62/110) (Figure 2). Of the 90 cases with information
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on the probable route of transmission, 89 were men
who have sex with men. Most cases with information
on the place of infection (n = 88) traced acquisition to
Berlin (59/88), and 10 cases were imported (2 cases
each from the United States, Spain, and the Nether-
lands and 1 case each from Egypt, Greece, Saudi Ara-
bia, and Thailand).

Investigators performed a phylogenetic anal-
ysis of 29 available sequences from the reemer-
gence of mpox in Germany, generated by us-
ing native Illumina NextSeq (Illumina, https://
www.illumina.com) or amplicon-based Oxford
Nanopore MinlON (Oxford Nanopore Technolo-
gies,  https://nanoporetech.com)  sequencing
(A. Brinkmann et al.,, unpub data, https://doi.
org/10.1101/2022.10.20.512862). We wused those
sequences and a selection of 58 publicly available
MPXV sequences from GISAID (https://www.gi-
said.org) for an alignment of the central conserved
region (£vaccinia virus genes FIL-A24R) by us-
ing Mafft version 7.307 with default parameters
(https:/ /mafft.cbrc.jp). We performed phylogenetic
analysis by using IQ-TREE v1.6.12 (http://www.
igtree.org) with the maximum-likelihood method,

Reemergence of Mpox, Germany, 2023

general time reversible plus gamma distribution
plus invariate sites model, and 1,000 bootstrap rep-
licates, which showed that all available Germany
genome sequences belonged to clade IIb. Most ge-
nome sequences (n = 17) were B.1 lineage sequenc-
es, followed by C.1 (n = 10) and B.1.20 (n = 2). The
MPXV genome of the case-patient we describe (Gen-
Bank accession no. PP002089) could be assigned to
lineage B.1 (Appendix Figure 1, https://wwwnc.
cdc.gov/EID/article/30/7/24-0092-Appl.pdf),
with highest identity to other genomes from Berlin
during October 2023. A second cluster of sequences
from Berlin, separated by >10 mutations, circulated
simultaneously. Three C.1 sequences from Berlin
showed 100% identity, and the sequences were also
identical to a genome from Portugal. However, C.1
strains from Berlin also clustered with genomes
from China in July 2023. Three C.1 genomes from
Berlin showed 3 unique mutations to cocirculating
C.1 genomes from China, Japan, and Portugal.

We ascertained information on mpox vacci-
nation from available data for 96 of 110 cases: 54
case-patients (56%) were vaccinated, and 30 had re-
ceived 2 doses, 16 received 1 dose, and 8 received an

Figure 1. Clinical features
and chronology of events in
an instructive case from clade
lIb—associated reemergence
of mpox in Germany, July—
December 2023.

Condomless sexual Tender inguinal Initial manifestation: Follow-up 2:
intercourse lymph nodes Umbilicated penile papules Symptoms resolved
INDEX CONTACT INITIAL DIAGNOSIS
DaylO==———— Day 28 ----eDay 31 -----¢Day 33 ----eDay 34----e¢Day 38 ————— Day 54
“Unspecific penile rash” Fever, cough, Follow-up 1:
INITIAL SYMPTOM sore throat, New umbilicated
malaise pustules and papules
on trunk, extremities,
INCUBATION PRODROMAL ERUPTIVE  |nd face; penile
PERIOD PHASE STAGE  |edema
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Figure 2. Number of clade Il-associated mpox cases in Germany, July-December 2023, by federal state and reporting week (weeks

30-52). Total number of cases was 110.

undisclosed number of doses. In Germany, >47,537
persons were vaccinated with >1 dose of mpox vac-
cine since its approval in July 2022 through the end
of November 2023, according to the framework of
voluntary national vaccination monitoring (6). On
the basis of sexual behavior data from representative
population surveys in Germany (7) and the European
MSM Internet Survey (EMIS-2017) (8), we estimated
the denominator of the German population likely to
be at high risk for mpox—that is, self-identified gay
men reporting >5 anal intercourse partners within
the previous 12 months — to be ~90,000 persons (9,10)
(Appendix Figure 2). When adding the reported
number of mpox cases and the reported number of
vaccinations for the numerator, we assumed a maxi-
mum proportion of 58% of self-identified gay men at
high risk for mpox to be immunized.

Conclusions
We report re-emergence of mpox in Germany, mainly
in Berlin, since July 2023, after 6 months without a
single case in the German notification system. Trans-
mission remained at a relatively stable, low level until
December 2023 and mainly affected men who have
sex with men. A thorough, sensitive assessment of a
patient’s sexual history remains essential in the diag-
nostic workup, and a reported long incubation period
of >21 days (11) does not rule out mpox. Prior vacci-
nation also does not automatically exclude mpox.
The phylogenomic analysis supports low-level
transmission of clade IIb MPXV in Germany, particu-
larly in Berlin, and intra-lineage diversity indicates
>1 origin. Genome sequence similarity among strains
from several countries in Europe, the Americas, and

1418

Asia underscores the status of mpox as an interna-
tional concern. Our investigation supports the need
for genomic surveillance to monitor transmission
and the circulation and cocirculation of lineages and
clades, particularly because of the increase of clade
I-associated mpox in Africa (12,13).

We have based this study on data from national
passive surveillance and our data likely underesti-
mates the true number of case-patients because of such
factors as ascertainment bias (as was the case with
our case-patient) and omission of paucisymptomatic
or clinically inapparent infections. We also concede
that it is not possible to understand all transmission
chains, given the often incomplete data in the notifica-
tion system. We would require additional study data
to assess disease severity or vaccine effectiveness.

The persistence of MPXV transmission world-
wide, combined with vaccination monitoring and
surveillance data, indicates that herd immunity has
not yet been achieved, particularly in the indication
group. Of note, official surveillance data offer an un-
clear picture of whether all vaccinated persons actu-
ally met the criteria for vaccination (or the narrower
definition used for the denominator calculation in our
study). Persons who were not, strictly speaking, at
risk for mpox might have been vaccinated, and some
persons at risk likely did not get vaccinated.

Our study elucidates the need for increased
awareness of mpox among healthcare profession-
als and at-risk persons to reduce further spread and
endemicity. We advocate indication-based vaccina-
tion, including healthcare professionals at risk, and
improved vaccine communication and education to
increase vaccine uptake as a public health measure.
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Sequence data generated in this study have been deposited
in GenBank and are publicly available (Appendix).

This study was conducted using aggregated, anonymized
data from the German mandatory surveillance system
within the framework of the Protection against Infection
Act (IfSG). The analysis and publication of this data is
mandated by law (§4 (2) IfSG). The study was conducted
according to the Ethical Principles for Medical Research,
version of the 64th General Assembly, Fortaleza, 2013.
The case-patient provided written informed consent for
the publication of his anonymized data. The Ethics
Committee of the Berlin Medical Association
(Arztekammer Berlin) has exempted our description of
patient data from formal review by the Ethics Committee
because it does not involve biomedical research on
humans or identifiable patient data (reference number
ETH KB-2024/0001).
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Appendix

Data Availability
Sequence data generated in this study have been deposited in GenBank and are publicly

available:
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ORT777675.1_MPXV_Germany_2023 ON_RKI1037_2023 10
OR777676.1_MPXYV_Germany_2023_ON_RKI1038_2023_10
ORT77678.1_MPXV_Germany_2023_ON_RKI1040_2023_10
OR7T7671.1_MPXV_Germany_2023_ON_RKI1033_2023_10
OR743497.1_MPXV_Germany_2023_ON_RKI1028_2023_10
OR777679.1_MPXV_Germany_2023_ ON_RKI10401_2023_10
OR777680.1_MPXV_Germany_2023_ON_RKI1042_2023_10
OR777672.1_MPXV_Germany_2023_ON_RKI1034_2023_10
PPO0Z090.1_CHViraa300_Germany_2023_10
OR743496.1_MPXV_Germany_2023_ON_RKI1026_2023 09
OR777673.1_MPXV_Germany_2023_ON_RKI1035_2023_10
OR777681.1_MPXV_Germany_2023_ON_RKI1043_2023_10
OR743494.1_MPXV_Germany_2023 ON_RKIL025_2023 09
PP002092.1_CHVira4632_Germany_2023_11
PP002081.1_CHVird4557_Germany_2023_10
EPI_ISL_16183652_B.1.17_hMpx¥_USA_CA_CDC_0029_2022

‘ OP215226.1_B.1.10_MPXV_Germany_2022_RKI241
ONGO4342.1_B.114_MPXV_Germany_2022_RKIDI1

OP524001.1_B.1.12 MPXV_Germany_2022_RKI399
ONE37939.1_B.15_MPXV_Germany_2022_RKI02

ONT55240_B.1.7_MPXV_Germany_2022_RKI0A3

ON637938.1_B.1.1_MPXV_Germany_2022_RKIOL

ON755239.2_B.1.2_MPXV_Germary_2022_RKI033

ON9ZID61_B.1.8 MPXV_Germany_2022 RKI103

EPI_ISL_15802697_B.1.16_hMpx\_Colombia_WAC_INS_0965_C_2022
EPI_ISL_16104879_B.1.6_hMpxV_Peru_LIM_INS_198_2022
EPI_ISL_13056097_B.1.9_hMpxV_Portugal_INSA_PT0020_2022

OP626135.1_B.1.4_MPXV_Germany_2022_RKI496
OP524006.1_B.1.11_MPX\V_Germany_2022_RKI404

| OP270476.1_B.1.13_MPXV_Germany_2022_RKIZ87

Lineage B.1

OR449306.1_MPXY_Germany_2023_RKIL0Z0_2023_07 H .
| OR777670.1_MPXV_Germany_2023 ON_RKI1032_2023_10 i Lin eage B.1.20
| OF484575.1_.1.15_MPXV_Germany_2022_RKIZ52 Clade lIb

EPI_ISL_18257122_hMpxV_China_BJ)_HDCDC001 2023 09

OR519724.1_MPXV_Germany_2023_ON_RKI1022_2023_08 :

EPI_ISL_18059184_NMpxV_China_YN_CDC_0003 2023 07
EPI_ISL_18228629_hMpxv_Portugal_INS#_PT0669_2023_08
EPI_ISL_18059183_Mpxy_China_YN_CDC_0002_2023_0B
ORS19723.1_MPXV_Germany_2023_ON_RIKI1023_2023 08
OR743493.1_MPXV_Germany_2023_ON_RKIL024_2023_08
ORA49307.1_MPXV_Germany_2023_RKI1021_2023_08
EPL_ISL_16058162_hMpxV_China_YN_CDC_0001_2023_06 .
OR743456.1. WPV Germany. 2073, ON_ 1027 202310 Lineage C.1
OR777674.1_MPXV_Germany_2023_ON_RKI1036_2023_10
| PPOD20E8.1_CHVird402! 5_Germany_2023_09
ORT77677.1_ MPXV_Germany_2023_ON_RKIL039_2023_10
OR743500.1_MPXV_Germany_2023_ON_RKIL03L_2023_10
EPI_ISL_18228643_hMpxV._Portugal_INS#_PTOS75_2023 08
OR743499.1_MPXV_Germany_2023_ON_RKI1030_2023_10
| EPI_ISL_17959214_hMpxv_Japan_TMIPH_0109_2023 05
EPLISL_18055900_hidpx\/_Japan_TMIPH_0206_2023 06 H
EPI_ISL_18387006_hMpxV_USA_CA_NLACPHL_MAO0S63_2023_08
EPI_ISL_16905442_NMpxV_Japan_TMIPH_0165_2022_09
EPI_ISL_17809521_hMpxV_China_HZCDC_0001_2023 06
EPI_ISL_16905444_hMpxv_Japan_TMIPH_0157_2022_10
EPI_ISL_16905443_hMpxV_Japan_TMIPH_0176_2022_10
EPI_ISL_18350394_NMpxv_China_8)_HDCDC002_2023_08
| EPI_ISL_18161299_hMpx\/_USA_CA_LACPHL_MAQ0522_2023_05
ON755231_B.1.3_MPXY_Germany_2022_RKI013
ONG76708.1_MPXV_USA_2021_MD
MN648051.1_Istael 2018
MT903343.1_MPXV_UK_PL
MT903336.1_MPXY_M2057_Lagos
MT903340.1_MPXV_M5312_HM12_Rivers
OP535323.1_MPXV_Nigeria_2017_2948
K642617.1_Nigeria_SE_1971
DQOL186.1_Liberia_1970
KPBA8470.1_Cote_d_Ivoire_1971
AY7415511_Sierra_Leone
KJ642614.1_UTC_1965
DQO11157.1_USA_2003
DQOL1155.1. Zaire 1978
KC257460.1_DRC_Yandongi_1985
K3642613.1_Congo_8
DQO11154.1_Conga_2008
KP849469.1_Boende_DRC_2008
KJ642619.1 Gaben_1088 Clade |
0P495046.1_BNITM_Gabon_1986
JX678413.1_DRC_07_0045
KPBA9A71.1_Yambuku_DRC_1985
AF380136.1_Zaire_96_1_16
K3642512.1_lkubi_1985

NC_001611.1_Variola_virus
NC_003391.1_Camelpox_virus
NC_003663.2_Cowpox_virus

Appendix Figure 1. Phylogenetic tree of mpox virus nucleotide genome sequences from the clade Ilb-

associated re-emergence of mpox in Germany, July—December 2023. Red font color indicates sequences

(n = 29) that were generated for this study.
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Overall population
of Germany (2023)'

%85,000,000

Number of men'
242,000,000

Number of men
aged 18-65 years'

~27,000,000

Number of men who have
sex with men (MSM)
~800,000

Number of MSM self-
identifying as "gay"’
%400,000

Appendix Figure 2. Flowchart relevant to the re-emergence of clade Ilb-associated mpox in Germany,

July—December 2023, estimating the denominator of persons at risk in Germany.
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