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ARTICLE INFO ABSTRACT
Keywords: Background: The ongoing monkeypox virus outbreak includes at least 7553 confirmed cases in previously non-
Monkeypox virus endemic countries worldwide as of July 2022. Clinical presentation has been reported as highly variable,
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Clinical specimens
Viral load kinetics

sometimes lacking classically described systemic symptoms, and only small numbers of cutaneous lesions in most
patients. The aim of this study was to compare clinical data with longitudinal qPCR results from lesion swabs,
oropharyngeal swabs and blood in a well characterized patient cohort.

Methods: 16 male patients (5 hospitalized, 11 outpatients) were included in the study cohort and serial testing for
monkeypox virus-DNA carried out in various materials throughout the course of disease. Laboratory analysis
included quantitative PCR, next-generation sequencing, immunofluorescence tests and virus isolation in cell
culture.

Results: All patients were male, between age 20 and 60, and self-identified as men having sex with men. Two had
a known HIV infection, coinciding with an increased number of lesions and viral DNA detectable in blood. In
initial- and serial testing, lesion swabs yielded viral DNA-loads at, or above 10° cp/ml and only declined during
the third week. Oropharyngeal swabs featured lower viral loads and returned repeatedly negative in some cases.
Viral culture was successful only from lesion swabs but not from oropharyngeal swabs or plasma.

Discussion: The data presented underscore the reliability of lesion swabs for monkeypox virus-detection, even in
later stages of the disease. Oropharyngeal swabs and blood samples alone carry the risk of false negative results,
but may hold value in pre-/asymptomatic cases or viral load monitoring, respectively.
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Clinical characteristics of hospitalized patients and outpatients. All patients were male and between 20 and 40 years old. Two patients were HIV-positive and currently
under antiretroviral therapy (ART), four HIV-negative patients are taking pre-exposition prophylaxis (PrEP) and four HIV-negative patients are not taking any pro-
phylaxis. In all cases lesions occurred anal/perianal and/or genital/perigenital. In four cases single lesions occurred in other regions of the body. Fever occurred in
three patients, of which two had bacterial superinfection. In four cases inguinal lymphadenitis was described, in one case jugular lymphadenitis occurred, whereas six
patients did not present with lymphadenitis. All patients received symptomatic therapy. Two patients received antibiotics due to suspected bacterial superinfection. [1]
on Bictegravir, Emtricitabin and Tenofovir alafenamide, viremia 22 HIV copies/ml, CD4+ 360/ul. [2] on Dolutegravir and Lamivudin, viremia not detectable, CD4+

279/ul.
Trans- History of HIV Number  pistribution of Lymph- Systemic Bacterial Days post
D Sex ran v Age  Comorbidities  Comedications of Fever ymph Y acter: S P! Hospitalization Treatment
mission smallpox status N adenitis onset
o lesions at :
Bictegravir, positive, enital. perigental malaise, muscle local therapy,
01 30-40 HIV Emtricitabin, cDC A2 > 50 gnal ‘eﬁang‘ oy yes none and joint pains, none 4 yes pain
Tenofovir on cART! . P » legs, pharyngitis, fever medication
tongue, buccal
Dolutearavir positive, severe anal pain, local therapy,
04 30-40 HIV Lamivgu an’ cDC A2 >30 anal, perianal no inguinal difficulty none 10 yes analgetic
on cART? defecation therapy
05 30-40 none none negative 10 genital, oral, face, no none none none 17 no local therapy
09 30-40 none none negative 10 perigenital no inguinal none no 3 no local therapy
g glans penis, penile swelling anitibiotics
10 sexual 30-40 none none negative 8 perianal, back yes none and pain. fever yes 7 yes ocal therapy
|| male | contact ne
(MSM) negative
02 20-30 none none (HHQP’EP) 8 genital, perigenital no inguinal none none 1 yes local therapy
03 20-30 none none (gig::gg) 7 genital, perigenital no none none none 5 no local therapy
08 40-50 none none negative 4 left and right upper no no musple and .JOIN no 5 no local therapy
arm, stomach, back pain, malaise
negative . " N N antibiotics,
06 20-30 none none (on PrER) 3 genital, perigenital yes inguinal malaise, fever yes 7 yes local therapy
o7 30-40 na na. (gigs:gpe) 2 no jugular sweats, malaise no na. no local therapy
2. Material and methods
Abbreviations
MSM male having sex with male 2.1. Sample collection
ART anti-retroviral therapy
IQR inter-quartile range In total, 16 patients diagnosed with monkeypox virus infection at the
s

1. Introduction

As of July 2022, 7553 confirmed cases of monkeypox have been
reported in previously non-endemic countries worldwide [1]. In
contrast to previous clusters, the ongoing outbreak appears to be driven
exclusively by human-to-human transmission, with the majority of
current cases reported among men who have sex with men (MSM) [2-7].
Clinical presentation has been highly variable with patients often lack-
ing the classically described symptoms such as fever and lymphade-
nopathy [8]. Lesions may be scarce, located only in the anogenital area
or even limited to a single lesion [8]. Furthermore, recent reports sug-
gest the existence of asymptomatic infections [9].

Atypical presentation entails the risk of missing cases and may also
represent a challenge for diagnostics. Current WHO guidance recom-
mends collection of two swab samples from skin lesions, while also
encouraging additional oropharyngeal swabs [10]. Recent studies sug-
gest that monkeypox virus-DNA is readily detectable in respiratory
specimens and blood, though there is still insufficient data on the reli-
ability and viral load dynamics in these specimen types throughout the
course of disease [11].

In this study, we provide longitudinal quantitative PCR-data for
different specimen types from a well-characterized cohort of hospital-
ized patients, and outpatients with confirmed monkeypox virus infec-
tion, associated with the current outbreak according to phylogenomic
characterization of whole-genome sequences [12]. Further, we were
able to confirm infectivity by successful viral culture in initial lesion
swab samples of two patients.

University Medical Center Hamburg-Eppendorf (UKE) were included in
this study. Of these, 5 were hospitalized at the UKE, allowing for lon-
gitudinal viral load measurements. A further 5 were outpatients at the
UKE and patient meta-data and clinical characteristics were available. 6
were external outpatients and only initial viral load data was available.
For a study overview see supplementary figure 1.

Lesion swabs and oropharyngeal swabs were performed using eSwab
collection kit (Copan, Italy) or VTM collection kit (Citotest, Jiangsu,
China). All samples were aliquoted and inactivated by adding <40%
guanidine hydrochloride solution in Tris—-HCI prior to processing for
molecular diagnostics.

The study was conducted according to the guidelines of the Decla-
ration of Helsinki. The use of patient data and anonymized samples was
approved by the ethics committee of the Medical Council of Hamburg
(PV 7298 and PV5626) and additional written consent from patients was
obtained for images presented in this study.

2.2. Laboratory methods

Molecular diagnostics, next generation sequencing, immunofluores-
cence tests and viral culture were performed as described previously
[13-17]. Methods are described in more detail in supplementary material
1.

3. Results
3.1. Patient characteristics
The first ten patients presenting with monkeypox virus infection at

our center (until June SOth, 2022) were male and identified as MSM.
While all patients presented with skin lesions, oral lesions were observed
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Fig. 1. Viral DNA-load time courses were plotted for hospitalized patients with available serial measurements. A) Swabs from cutaneous lesions were taken ac-
cording to established procedures; however, the exact location where swabs were taken has not been recorded. Also, swabbing procedures may entail opening a fresh
lesion, which will then crust over. The indicated viral loads represent generic lesion swabs from the respective patient, not necessarily from the same lesion. (1st
week: median 3.31E+07 cp/ml, range 2.19E+07 — 3.95E+07 cp/ml; 2nd week: median 3.04E+06 cp/ml, range 2.11E+05 — 5.48E+05 cp/ml). Graphs B) and C)
represent oropharyngeal swabs (1st week: median 8.44E+04 cp/ml, range 6.93E+04 — 7.31E+05 cp/ml; 2nd week: median 4.04E+03 cp/ml, range 0 — 6.75E+06
cp/ml; 3rd week: median 0 cp/ml, range 0 — 2.00E+04 cp/ml) and EDTA plasma-samples (1st week: median 5.85E+02 cp/ml, range 1.58E+02 — 1.05E+03 cp/ml;
2nd week: median 7.80E+00 cp/ml, range 0 — 1.20E+03 cp/ml; 3rd week: single sample, 2.37E401 cp/ml) respectively.

in only two. Lymphadenopathy occurred in five of ten patients and fever
only in three, two of which also had developed bacterial superinfection
of skin lesions. Patient characteristics are compiled in detail in Table 1.
Moderately elevated C-reactive protein (CrP)-levels were observed in
eight of ten cases. A detailed overview of laboratory parameters is
available in supplementary Table 1.

Of note, two of ten patients were HIV-positive (patients 1 and 4, both
CDC Stadium A2, under ART) and presented with considerably more
lesions (>30) than HIV-negative patients (patients 3,4,5-10), while also
exhibiting the highest viral loads in blood (Table 1).

Of note, seroconversion was successfully demonstrated for patient 4
through immunofluorescence test (IFT) by day 34 after symptom onset
(supplementary figure 2).

; o EDTA
108-: *i

-O- Lesion

-0~ Urine
106-

104?

102+

Monkeypoxvirus DNA
digital copies equivalent

Hospital stay

Not detected-

-0~ Oropharynx

3.2. Initial testing results

Initial testing was performed between day three and day 17 after
onset of symptoms, but median times were markedly lower in out-
patients (7, [IQR: 5-9 days]) than in hospitalized patients (9, [IQR: 7-10
days]) (see supplementary figure 3A). All initial lesion swabs were posi-
tive for monkeypox virus-DNA, with the vast majority at, or above 10°
cp/ml. In contrast, oropharyngeal swabs rarely exceeded 10° cp/ml,
frequently fell below 10% cp/ml and some returned negative in both
outpatients and hospitalized patients. (See supplementary figure 3B).

3.3. Viral DNA-load dynamics over time in lesion swabs, oropharyngeal
swabs and blood

Monkeypox virus-DNA levels were observed in hospitalized patients

B

Days post symptom onset

Fig. 2. A) Viral DNA-loads of different specimen types are plotted for patient 1. gray area represents their stay in the hospital. Red asterisk (*) represents a sample
with successful isolation of infections virus, whereas black asterisks (*) represent unsuccessful attempts at viral culture. B) The evolution of an exemplary pustula is

displayed over the same timeframe.
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Fig. 3. A) phylogenetic analysis of MPXV virus sequences related to the 2022 global outbreak. Sequences used here were obtained from NCBI (as of July 21, 2022).
Color coding represents the individual clades with clade B.1 containing the outbreak related sequences. B) Section of the phylogenetic tree shown in A. The sequences
reconstructed from the lesion of patients 1, 4-6 of this study are marked with an arrow, MPXV/Germany,/2022/HH-LIVO0, MPXV/Germany/2022/HH-LIV004,

MPXV/Germany/2022/HH-LIV005, MPXV/Germany/2022/HH-LIV006.). The color

throughout their stay and in follow-up visits (65 samples in total from
five different patients). Viral DNA-loads in lesion swabs were consis-
tently at or above 10° cp/ml during the first two weeks after symptom
onset (1% week: median 3.31E+07 cp/ml; 2™ wveek: median 3.04E-+06
cp/ml) and only declined below 10° cp/ml during the third week (me-
dian: 8.55E+03 cp/ml); however, all lesion swabs were positive for
monkeypox virus-DNA over the entire time course (Fig. 1a).
Oropharyngeal swabs were negative in two patients and exhibited
consistently lower viral-DNA loads (largely below 10°) and a continuous
downwards trend during the entire observation period in the others. (1%
week: median 8.44E+04 cp/ml; 2" week: median 4.04E+03 cp/ml; 3"

code represents the country from which the sequences were provided in NCBI.

week: median 0 cp/ml) (see Fig. 1b).

Similarly, blood samples were positive for monkeypox virus-DNA in
only four of five patients, with viral DNA-loads at, or below 10° cp/ml
and continuously declined throughout the observation period (1°' week:
median 5.85E+02 cp/ml; 2™ week: median 7.80E+00 cp/ml; 3" week:
single sample, 2.37E+01 cp/ml) (Fig. 1c).

3.4. DNA loads in lesion swab samples remain high despite evolving
morphology of pustulae

Viral DNA-loads from different specimen types were compiled for
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each patient (Fig. 2a and supplementary figure 4). Photo documentation
of cutaneous lesions was performed for patient 1 throughout manage-
ment and images of an exemplary lesion are depicted in Fig. 2b. Despite
dramatic morphological changes throughout the first two weeks, lesion
swab samples received during this time were plateauing at very high
levels (over 10”7 cp/ml), while DNA-loads in all other materials were
gradually declining.

3.5. Whole-genome sequencing of the first monkeypox cases in the series

The monkeypox virus genome sequences derived from lesions of
patients 1, 2, 4, 5 and 6 was confirmed by shotgun metagenome
sequencing. Moreover, phylogenetic analysis of the deduced consensus
sequence, derived from patient 1, with previously reported monkeypox
sequences confirmed the affiliation of all sequenced cases to the ongoing
multi-country monkeypox outbreak. (Fig. 3a, 3b and supplementary
material 1)

3.6. Infectivity in cell-culture experiments

Viral culture was attempted in first available samples of two patients
(patient 1: lesion swab, oropharyngeal swab and blood; patient 2: lesion
swab and oropharyngeal swab; undiluted inoculum, see supplementary
material 1). In both cases, infectious virus was successfully isolated from
lesion swabs (viral DNA inoculum/well: 5.33mio copies and 4.99mio
copies), but not from oropharyngeal swabs or blood (viral DNA inoc-
ulum/well: 16,872 copies and 211 copies).

4. Discussion and conclusion

This study represents one of the first clinical case series from the
ongoing monkeypox virus outbreak including serial viral DNA-load
measurements in different specimen types throughout the course of
disease. Different from previous monkeypox clusters outside endemic
regions in Africa, most patients presented with rather mild absent sys-
temic symptoms, which is consistent with recent reports from the 2022
outbreak ([7, 8, 18]).

Longitudinal observation of viral DNA-load kinetics demonstrated
the reliability of cutaneous lesion swab samples for monkeypox virus
detection, which are considered the gold standard for diagnostics ([10,
19]). In this study, lesion swabs never returned negative in infected
patients, even at later stages of disease; however, very high concentra-
tions of viral DNA and the ability to infect cell culture, especially during
the first two weeks after symptom onset, may have implications for risk
of contamination and personnel safety. It should be noted that viral
DNA-copies are not indicative of the amount of infectious viral particles.

Other clinical material such as blood and oropharyngeal swabs were
recently reported to contain detectable monkeypox virus-DNA [11];
however, throat swab samples are known to be unreliable and difficult
to standardize, e.g. in SARS-CoV-2 diagnostics [20]. Blood and
oropharyngeal swabs were consistently PCR-negative in 1/5 and 2/5
patients of our cohort respectively, thus making them unreliable
standalone specimen types for primary diagnosis. However, their po-
tential value for pre-/asymptomatic cases remains to be established [9].
Interestingly, the highest levels of viral-DNA in blood were detected in
two HIV-positive patients (under ART) and coincided with substantially
increased numbers of pustulae. Therefore, viremia as a parameter for
monitoring and risk assessment, as well as potentially increased risk of
severe disease in HIV patients despite adequate therapy, warrants
further investigation.
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