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Glockengiesserwall 1, 20095 Hamburg, Background: Since May 2022, increasing numbers of monkeypox virus
Germany

Email: hoffmann@ich-hamburg.de (MPXV) infections have been reported from across Europe and North America.
Studies, mainly from Africa, have suggested a higher risk for severe MPXV
cases in people living with HIV.

Methods: This was a retrospective study of all confirmed MPXV infections
observed in the participating centres since 19 May 2022. We conducted a chart
review to evaluate clinical characteristics, comorbidities, and coinfections,
including HIV, viral hepatitis, and sexually transmitted infections (STIs).
Results: By 30 June 2022, a total of 546 MPXV infections were reported from
42 German centres. All patients were men who have sex with men (MSM), of
whom 256 (46.9%) were living with HIV, mostly with a preserved immune sys-
tem and with viral suppression. In total, 232 (42.5%) MSM were also taking
HIV pre-exposure prophylaxis (PrEP) and 58 (10.6%) MSM had no known HIV
infection or PrEP use. The median age was 39 years (range 20-67), and comor-
bidities were rare. However, 52.4% and 29.4% of all patients had been diag-
nosed with at least one STI within the last 6 months or within the last
4 weeks, respectively. The most frequent localizations of MPXV infection were
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INTRODUCTION

Monkeypox virus (MPXV) belongs to the orthopoxvirus
genus, which also includes variola virus (which causes
smallpox), vaccinia virus (used in the smallpox vaccine),
and cowpox virus. The first human case of MPXV infec-
tion was observed in 1970 in a 9-year-old boy in the Demo-
cratic Republic of Congo [1]. Since then, sporadic
outbreaks outside Central and West African countries
have been limited to a few cases in recent years and were
based on zoonotic transmission or exported cases from
endemic countries [2]. In 2022, this changed dramatically.
Since 7 May 2022, when the UK Department of Health
reported an initial case in a traveller returning from
Nigeria, unusually high and increasing numbers of cases
are now being reported across Europe and other regions.
Initial publications suggest that, to date, the disease has
almost exclusively affected men who have sex with men
(MSM) [3-5]. In Munich, Germany, the first case was pub-
lished on 20 May 2022 [6]. By 17 June 2022, 338 confirmed
cases were known to the Robert Koch Institute; 1 week
later, the number had doubled to 676, making Germany
one of the most affected countries worldwide [7].
Person-to-person transmission of MPXV mainly occurs
through close physical contact. The reasons for the current
increase in case numbers are still unclear, and questions
remain about the dynamics of transmission. Preliminary
genome sequence data suggest a close relationship with the
MPXV clade circulating in West Africa [8, 9]. It has been
suggested that this clade may cause milder disease and have
a lower mortality than the clade first described in Central
Africa [10, 11]. However, a 2017-2018 Nigerian outbreak
was associated with a case fatality rate of 6%. Four of the
seven patients who died had concomitant HIV/AIDS, sug-
gesting a need to further explore the potential connection
between the two diseases [12]. Little is known about other

immunosuppressed.

genital (49.9%) and anal (47.9%), whereas fever (53.2%) and lymphadenopathy
(42.6%) were the most frequent general symptoms. The hospitalization rate
was low (4.0%), and no fatal course was observed. The clinical picture showed
no apparent differences between MSM with or without HIV.

Conclusions: In this preliminary cohort analysis from a current large out-
break among MSM in Germany, the clinical picture of MPXV infection did not
differ between MSM with and without HIV infection. Severe courses were rare
and hospitalization rates were low. However, most patients were relatively
healthy, and only a few people living with HIV were viremic or severely

lymphadenopathy, monkeypox, MPXV infection

risk factors for severe courses, but children and pregnant
women are probably at increased risk [13, 14]. The aim of
the present work was to compare the clinical picture in
patients with MPXV with or without HIV.

METHODS

The German AIDS Society and the German Association
of Outpatient Physicians for Infectious Diseases and HIV
Medicine invited registered centres to take part and sent
an anonymized questionnaire to all care centres that
expressed interest in participating. Centres were asked to,
if possible, retrospectively document all confirmed cases
from 19 May 2022 to 30 June 2022. The questionnaire
included demographics (age, sex, nation, ethnicity) and
comorbidities, including HIV infection (with current
CD4 cell counts and HIV RNA copies/ml) or current use
of HIV pre-exposure prophylaxis (PrEP). Previous or cur-
rent viral hepatitis B and C were also documented, as
were sexually transmitted infections (STIs) in the past
6 months. Data collected were as follows: date of con-
firmed diagnosis of MPXV infection, probable country
of infection, symptom onset, location and number of
lesions, previous smallpox vaccinations, and severity of
monkeypox disease, including the number of lesions (cat-
egorized) and possible general symptoms such as fever,
head/limb pain, night sweats, and lymph node swelling.
Possible specific therapies and any current hospitaliza-
tions (with the main reason) were also evaluated. All
diagnostic procedures, including MPXV polymerase
chain reaction (PCR) were performed in the local labora-
tories of the participating centres and/or in the reference
laboratory of the German national Robert Koch Institute,
Berlin, Germany. The study was submitted to the Ethics
Committee of the Technical University of Munich for
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FIGURE 1 Cumulative monkeypox virus case numbers. The dashed line represents total cases in Germany as reported by the Robert

Koch Institute (RKI). The solid black line represents all patients included in this cohort. Grey lines represent people living with HIV

(PLWH), pre-exposure prophylaxis (PrEP) users, and men who have sex with men (MSM) without HIV or PrEP, time of diagnosis (first

positive swab)

consultation prior to initiation, in accordance with
Section 67 [6] AMG (reference number 2022-338-S-NP).

This preliminary investigation used only descriptive
statistics, including frequency distribution for categorical
variables, 95% binomial confidence intervals (CIs) for
binary variables, and median, minimum, and maximum
values for continuous variables.

RESULTS

By 30 June 2022, 42 centres from 17 German cities had
reported a total of 546 PCR-confirmed MPXV cases. More
than half of them were from Berlin, the capital city
(303 [55.5%] cases from 14 centres), followed by Cologne
(64 [11.7%] cases) and Hamburg (60 [11.0%] cases from
two centres each). The vast majority (410 [75.1%]) of cases
probably acquired the MPXV infection in Germany. A
total of 39 patients (7.1%) acquired the infection in Spain,
most of them in Gran Canaria. Many of these cases were
observed at the beginning of the outbreak; 14 of the
35 (40%) cases diagnosed by 30 May 2022 reported Spain
as the probable country of infection. Other countries
reporting multiple infections were Belgium and Portugal,
with four cases each, and the UK, with three cases.

All patients were MSM, among them, 256 (46.9%)
were living with HIV (including one subject who
reported having only sexual contact with an unknown

female sex worker). The vast majority of the people liv-
ing with HIV had a normal immune status, with a
median CD4 T-cell count of 691/ul (range 185-1603).
Only 17.2% (42/244) and 2.9% (7/244) had a CD4 T-cell
count of <500 and <350/pl, respectively. In total, 4.2%
(10/236) of the patients were viremic for HIV at last
measurement, with an HIV RNA >50 copies/ml, includ-
ing only four of ten with HIV RNA >200 copies/ml. In
the patient with the highest viral load, HIV infection
was diagnosed at the time of the current MPXV
infection.

The second largest affected group was MSM without
HIV infection currently using PrEP (232 [42.5%]). The
remaining 58 cases (10.6%) were MSM without known
HIV infection or PrEP use. The increase in total numbers
is depicted in Figure 1, and Table 1 shows the main clini-
cal characteristics and coinfections among these three
patient populations.

The overall median age of this MPXV cohort was
39 years (youngest, 20; oldest, 67). People living with
HIV were slightly older than PrEP users and MSM with-
out HIV or PrEP. Only 5.7% of the patients were either
aged <25 years (n = 20) or >60 years (n = 11). A total of
12.8% had been vaccinated against smallpox at least once,
with somewhat higher rates in people living with HIV.
Most patients were of German nationality and Caucasian
ethnicity. Very few patients (n = 25) had non-infectious
and somatic comorbidities; the most frequent was
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TABLE 1 Demographic characteristics and existing coinfections
Characteristics All PLWH PrEP user MSM without HIV or PrEP
n 546 256 232 58
Age, years 39 (20-69) 41 (23-64) 37 (20-67) 37 (23-67)
Caucasian ethnicity 89.4 (440/492) 87.7 (207/236) 90.0 (190/211) 95.6 (43/45)
Nationality German 71.3 (313/439) 68.5 (148/216) 73.5 (136/185) 76.3 (29/38)
Documented prior smallpox vaccination 12.8 (49/382) 20.3 (35/172) 5.9 (10/170) 10.0 (4/40)
Hepatitis B infection
Anti-HBc negative 89.3 (419/469) 83.6 (189/226) 95.3 (203/213) 90.0 (27/30)
Anti-HBc positive, HBSAG negative 9.8 (46/469) 15.0 (34/226) 4.2 (9/213) 10.0 (3/30)
HBSAG positive 0.9 (4/469) 1.3 (3/226) 0.5 (1/213) 0 (0/30)
Hepatitis C infection
Anti-HCV negative 86.3 (415/481) 75.1 (175/233) 96.3 (208/216) 100 (32/32)
Anti-HCV positive, PCR negative 13.3 (64/481) 24.5 (57/233) 3.2(7/216) 0(0/32)
Anti-HCV positive, PCR positive 0.4 (2/481) 0.4 (1/233) 0.5 (1/216) 0(0/32)

Note: denominators vary because not all information was available from all patients. Data are presented as % (n/N) or median (range) unless otherwise

indicated.

Abbreviations: HBc, hepatitis B core antibody; HBSAG, hepatitis B surface antigen; HCV, hepatitis C virus; MSM, men who have sex with men; PCR,
polymerase chain reaction; PLWH, people living with HIV; PrEP, pre-exposure prophylaxis.
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FIGURE 2

Percentage of frequent sexually transmitted infections in the past 6 months (but not during the last month [grey]) or within

the past 4 weeks (black) prior to monkeypox virus infection. mo, months; MSM, men who have sex with men; PLWH, people living with

HIV; PrEP, pre-exposure prophylaxis; wks, weeks.

psoriatic arthritis in seven cases, arterial hypertension in
five cases, bronchial asthma in four cases, and diabetes
mellitus and chronic obstructive pulmonary disease in
two cases each. A relatively large proportion (13.7%) of
patients, mainly people living with HIV, had a history of
hepatitis C virus infection. The proportion of patients
who had contracted another STI within the previous

6 months or within the last 4 weeks is shown in Figure 2.
The most frequent STI diagnosed during the last
6 months was gonorrhoea, which was found in 32.4% of
all patients, reaching 38.9% in PrEP users. Only 47.6% of
all patients had not experienced any STI in the past
6 months. MSM without HIV or PrEP had lower STI rates
than did the other two groups.
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TABLE 2 Monkeypox virus infection manifestations (only cases with available information)
Characteristics All PLWH PrEP User MSM without HIV or PrEP
n 546 256 232 58
Hospitalization® 4.0 (22/546) 2.7 (7/256) 5.2 (12/232) 5.2 (3/58)
Localization
Genital 49.9 (267/535) 43.8 (110/251) 49.8 (114/229) 78.2 (43/55)
Anal 47.9 (257/536) 50.4 (127/252) 50.7 (116/229) 25.5 (14/55)
Oral, perioral, head and neck 23.5(123/523) 25.9 (64/247) 21.0 (47/224) 23.1(12/52)
Extremities and/or trunk 37.5(196/522) 37.4 (92/246) 40.2 (90/224) 26.9 (14/52)
Number of lesions
None® 0.8 (4/493) 0.9 (2/235) 1.0 (2/208) 0 (0/50)
1-3 45.2 (223/493) 43.0 (101/235) 46.6 (97/208) 50.0 (25/50)
4-10 36.7 (181/493) 39.1 (92/235) 35.1 (73/208) 32.0 (16/50)
11-50 15.0 (74/493) 14.5 (34/235) 15.4 (32/208) 16.0 (8/50)
>50 2.2 (11/493) 2.6 (6/235) 1.9 (4/208) 2.0 (1/50)

General symptoms
Fever
Headache and pain in the limbs
Night sweats
Lymph node swelling

53.2 (272/511)
41.0 (208/507)
14.5 (73/503)

42.6 (213/500)

53.2 (126/237)
41.7 (98/235)
17.2 (40/233)
40.9 (95/232)

53.2 (118/222)

53.8 (28/52)

41.4 (91/220) 36.5 (19/52)
13.7 (30/219) 5.9 (3/51)
44.2 (95/215) 43.4 (23/53)

Note: Data are presented as % (n/N) unless otherwise indicated.

Abbreviations: MSM, men who have sex with men; PLWH, people living with HIV; PrEP, pre-exposure prophylaxis.
“Four hospitalizations for quarantine reasons or diagnostic purposes and not due to severity of illness or (impending) complications were excluded.

Ppositive smears only, throat swabs in all four cases.

Clinical appearance

Since a large proportion of infections was diagnosed only
a few days before this analysis, the observation period
was very short, with a median of 3 days since diagnosis
(range 0-35). The median duration between symptom
onset and MPXV diagnosis was 4 days (range 0-21). A
total of 298 patients had a follow-up of at least 7 days
since symptom onset. Thus, we expect some of the
patients to present with more severe symptoms over sub-
sequent days. Nevertheless, the disease characteristics are
briefly outlined here.

Most of the illnesses so far have been relatively mild.
No fatal courses have been observed. A total of 26 patients
were hospitalized, at least four of whom were clearly for
quarantine reasons or diagnostic purposes rather than
severity of illness or (impending) complications. Thus,
22 hospitalizations were due to the severity of the clinical
picture or complications, mainly massive swelling of
lymph nodes and genitals, extensive involvement of the
entire integument, haemorrhage, or refractory pain that
could not be managed on an outpatient basis, especially
in patients with anal or oral involvement. The total hos-
pitalization rate was 4.0% (95% CI 2.5-6.0). The

hospitalization rate was 5.7% (95% CI 3.4-9.0) in patients
with an observation period of at least 7 days and 2.0%
(95% CI 0.7-4.6) in those with an observation time of
<7 days. The average duration of hospitalization was
4 days (range 3-6); however, 9/22 patients remained hos-
pitalized at the end of the observation period. One hospi-
talized patient received antiviral therapy with
tecovirimat.

The disease manifestations are listed in Table 2. The
vast majority of smallpox lesions manifested anally or
genitally. Neither genital nor anal involvement was pre-
sent in 68 (12.4%) patients, 40 of whom had head and
neck (including oral and perioral areas) involvement. In
only 24 (4.4%) patients, lesions were limited to trunk and
extremities. Of note, in four asymptomatic patients,
MPVX infection was found in the context of STI screen-
ing or environmental screening (contact with an infected
person). While there were no differences between MSM
with or without HIV, MSM without HIV or PrEP had
higher rates of genital lesions and lower rates of anal
lesions.

In 82.7% of patients, the disease was localized, with a
maximum of 10 lesions. Only a few patients had exten-
sive findings, with >50 lesions. These rates did not
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change significantly when the analysis was restricted to
patients with at least 7 days of follow-up after symptom
onset (data not shown). Common general symptoms
included fever, headache, and limb pain, as well as often
painful lymph node swelling. There were no differences
between MSM with or without HIV.

DISCUSSION

In this large retrospective study, a total of 546 patients
with PCR-confirmed MPXV infections from 42 participat-
ing centres were evaluated by 30 June 2022, correspond-
ing to more than 50% of all 2022 cases reported to the
German health institutions by that day. The vast majority
of cases was reported from the three largest cities: Berlin,
Cologne, and Hamburg. Cases were almost exclusively
found among MSM, most of them living with HIV or tak-
ing PrEP. Of note, most centres focused on HIV infection
and/or PrEP, meaning that most, if not all, of their
patients were MSM with or without HIV infection. It
seems therefore possible that people outside the affected
groups have either not yet been diagnosed or were diag-
nosed in centres that did not participate in this survey.
However, Figure 1 illustrates that, at least until mid-June,
almost all cases reported to German health officials were
included in the present cohort.

The disease course was predominantly mild to moder-
ate, with no fatal courses. The total hospitalization rate
was 4.0% and did not differ between MSM with or with-
out HIV. However, most patients were predominantly
young and otherwise healthy. In addition, most people
living with HIV had a good immune status and viral sup-
pression and were on antiretroviral therapy. Only four
patients had viral loads >200 copies/ml. In particular, the
observation period was very short, and it is possible that
hospitalization rates will increase with longer follow-up.
However, limiting the analysis to patients with longer
observation periods did not change rates dramatically.

Whether the currently circulating West African clade
is associated with low severity remains to be seen.
Among 122 Nigerian patients infected with this clade,
overall mortality was 6%, and patients with HIV and
AIDS were predominantly affected [12]. The present
analysis indicates that the clinical picture of MPXV infec-
tion does not differ between MSM with and without HIV
infection. Little is known to date about other risk factors
for severe courses; it has been reported that children and
pregnant women may be at increased risk [13, 14]. To
date, these populations are yet to present in the current
outbreak.

The high number of other STIs diagnosed either in
parallel with or shortly before MPXV infection was

striking. Almost two-thirds of patients had been diag-
nosed with at least one STI within the last 6 months, and
almost one-third had been diagnosed within the last
month or even at the same time. This high coincidence
suggests that, in the current situation, an acutely diag-
nosed STI should definitely prompt MPXV diagnostics
(and vice versa). In one case, HIV infection was diag-
nosed at the same time as MPXV infection, suggesting
that offering HIV testing to patients without HIV but
with MPXV infection also seems advisable, similar to pro-
cesses for other STIs. Two recent cohort studies from
Madrid and London found similarly high rates of STIs
among MSM with MPXV infections [4, 5].

In the present cohort, a total of 13% were known to
have been vaccinated against smallpox, probably at least
40 years previously as compulsory vaccination ended in
1976 in West Germany and in 1982 in East Germany.
Laboratory studies and clinical observations suggest that
smallpox vaccination provides some but by no means
complete protection against MPXV [15-17]. Epidemiolog-
ical studies from the 1980s in Zaire found 85% protection
[18], and a large study from the Democratic Republic of
Congo reported that vaccinated people had a 5.2-fold
lower risk than non-vaccinated people [19]. Clinical
courses appear to be milder in vaccinated individuals
[20]. The present analysis also shows that smallpox vacci-
nation does not provide sterilizing protection, although
some protection against severe infection cannot be
excluded. Of note, at least 4/22 patients (18.2%) who were
hospitalized for severe illness or complications had been
vaccinated against smallpox. It remains to be seen
whether the smallpox vaccinations will indeed confer a
substantial level of protection against severe infections in
this affected group.

Interestingly, the disease localization observed in this
cohort appeared to differ in part from those of the larger
outbreaks from Africa. In the 2017/2018 outbreak in
Nigeria described earlier [12], the main manifestation of
MPVX infection was on the face (96%), followed by the
legs (91%), trunk (80%), arms (79%), and palms (69%).
Although genitalia (68%) were also commonly affected in
the Nigerian patients, overall, manifestations in the
cohort described here appear to affect the face and trunk
and extremities significantly less. Anogenital manifesta-
tions, on the other hand, were much more common, in
line with recent observations from Madrid and London
[4, 5].

Since specific therapies have only been used in indi-
vidual cases, statements on effectiveness are not possible.
The synthetic substance tecovirimat, developed specifi-
cally for poxviruses, is a tetracyclic acylhydrazide that
targets the VP37 protein. By inhibiting VP37, tecovirimat
blocks the final steps of viral maturation and release from
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the infected cell. In a large study of 449 healthy volun-
teers, “no pattern of worrisome adverse events” was
observed [21]. In the monkey model, tecovirimat was
shown to be effective against MPXV [22, 23].

Our study had several limitations. First, this was an
observational study with limited follow-up and with
incomplete data collection during the outbreak. In view
of the study design, we could not explore all possible risk
factors for disease transmission. In addition, the number
of severe cases (defined by hospitalization) was low.
Given the small number of cases with comorbidities,
severe immunodeficiency, and/or severe courses, we
could not determine risk factors such as comorbidities.

In conclusion, all 546 patients with MPXV in this
German cohort were MSM. The Joint United Nations
Programme on HIV/AIDS has already expressed concern
that the high prevalence of affected MSM could lead to
homophobic and racist stereotypes and reinforce stigma-
tization [24]. There were no clinical differences in MPXV
infections between MSM with or without HIV. Most
cases were mild. However, some cases were severe, and
current outbreak kinetics suggest that MPXV will become
established as a new and serious STI. A rapid and com-
prehensive education campaign in at-risk populations is
urgently needed. Skin lesions in sexually active MSM,
especially those with anogenital localization and with a
history of other STIs, should prompt MPXV diagnostic
procedures.
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