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Abstract
Objectives To determine whether it would be hygienic to evaluate dogs and humans in the same MRI scanner.
Methods We compared the bacterial load in colony-forming units (CFU) of human-pathogenic microorganisms in specimens
taken from 18 men and 30 dogs. In addition, we compared the extent of bacterial contamination of an MRI scanner shared by
dogs and humans with two other MRI scanners used exclusively by humans.
Results Our study shows a significantly higher bacterial load in specimens taken frommen’s beards compared with dogs’ fur (p =
0.036). All of the men (18/18) showed high microbial counts, whereas only 23/30 dogs had high microbial counts and 7 dogs
moderate microbial counts. Furthermore, human-pathogenic microorganisms were more frequently found in human beards (7/
18) than in dog fur (4/30), although this difference did not reach statistical significance (p = 0.074). More microbes were found in
human oral cavities than in dog oral cavities (p < 0.001). After MRI of dogs, routine scanner disinfection was undertaken and the
CFU found in specimens isolated from the MRI scanning table and receiver coils showed significantly lower bacteria count
compared with Bhuman^ MRI scanners (p < 0.05).
Conclusion Our study shows that bearded men harbour significantly higher burden of microbes and more human-pathogenic
strains than dogs. As the MRI scanner used for both dogs and humans was routinely cleaned after animal scanning, there was
substantially lower bacterial load compared with scanners used exclusively for humans.
Key points
• Bearded men harbour significantly more microbes than dogs.
• Dogs are no risk to humans if they use the same MRI.
• Deficits in hospital hygiene are a relevant risk for patients.
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Introduction

Regardless of whether you like animals in general or dogs in
particular, it is indisputable that dogs have been close com-
panions of human beings since wolves were first domesticated
about 40,000 years ago [1]. Dogs are integral members of
many families and perform many services for human beings,
for example as police dogs, military dogs or as a Blife-long
friend^.

According to figures supplied by the European Union,
around 500 million people live in Europe [2]. The number
of pets, in particular dogs, is increasing in Europe and world-
wide. According to the European Statistics Office, about 80
million dogs live in Europe [3]—a number equal to the total
population of Germany [4]. Like humans, dogs have enjoyed
longer life expectancies in recent decades. This can be ex-
plained by improved species-appropriate living conditions
and better veterinary care [5]. Like humans, however, dogs
are afflicted by age-related diseases similar to human diseases
[6], for which imaging may be helpful for disease manage-
ment planning.

To our knowledge, there are only a few veterinary clinics in
Europe and worldwide equipped with dedicated animal scan-
ners. One reason for the limited scanner availability is the cost
of medical diagnostics for animals, costs which are almost
always paid privately by the animals’ owners. For this reason,
financing of expensive large equipment for animals is more
difficult. Although no exact figures are available, ultimately
there are too few animal scanners for the large number of sick
dogs worldwide. Frequently, pet owners are willing to pay
considerable amounts of money for diagnostics and treatment.
In the USA alone, pet owners spend US$11.1 billion annually
on animal care [7]. There are ongoing discussions among
veterinarians on how to increase imaging diagnostics at a time
when there are simply not enough MRI scanners available for
veterinary use.

It is obvious that the question will arise, in developed coun-
tries, as to whether a vacant or underutilized human MRI
scanner may be made available for animal imaging. There
are many reasons to be sceptical about examining animals in
scanners intended for human use. One of the main reasons
for this scepticism is the legitimate concern of hygiene.
People are afraid that they will contract a zoonosis if they
share scanners with their furry friends. However, it has
previously been shown that domestic dogs and members
of their households share bacterial populations [8].
However, less is known regarding the bacterial environ-
ment of dogs and the possible risk the associated bacteria
pose to humans.

The main objective of this prospective multicenter study is
to determine whether it would be hygienic to evaluate dogs
and humans in the same MRI scanner by comparing the mi-
crobial flora of dogs and humans. With rising numbers of

healthcare-associated infections (HAI), this is an important
quality issue for patient care that should be addressed.

Material and methods

The bacteriological investigations of dogs, humans and MRI
scanners were conducted between July and September 2017.
General authorization was granted for the study by the local
ethics commission.

We sequentially examined dogs that were scheduled for a
routine investigation of neurological disorders affecting the
brain or spinal cord at institute 1. Institute 1 is a European
hospital radiology department performing about 8000 human
MRI examinations and a variable, low number of canine MRI
examinations per year.

The dogs were strictly separated from the human patients.
After these canine radiologic examinations, standardized
cleaning and disinfection of the exposed scanner was per-
formed, after which regular MRI examinations of humans
were resumed. The coils were used without protective films
and had direct contact with the animals. After the cleaning and
disinfection process, the bacteriological load of the MRI scan-
ner at institute 1 was determined.

In addition, the bacteriological load ofMRI scanners at two
other European institutes (institutes 2 and 3), where only
humans are examined (and never animals), were also
measured.

Measurement of bacterial load of dogs

Dogs were anesthetized in an anteroom outside MRI by a
specialist in veterinary medicine (FS). Intravenous access
was achieved via leg cannulation and premedication compris-
ing medetomidine (5–10 mg/kg of body weight) followed by
individualized propofol injection was administered to main-
tain adequate levels of sedation.

While the dogs were under anesthesia, a targeted bacterio-
logical assay was performed in the neck of each dog between
the shoulder blades. We used a regular knock-out plate for this
purpose (TSA TLHTh Contact plate, VWR Chemicals,
Leuven, Belgium) in-between for 10 s. We examined the neck
region, since according to information from the veterinarians,
this is one of the few representative places on dogs that is
particularly unhygienic and where most of the skin infections
are encountered.

This was followed by an examination of the oral mucosa in
the left half of the dog's oral cavity. For this, we used a stan-
dardized swab (eSwab, Copan, Italy) (Figs. 1, 2). MRI was
always performed using standard surface receiver coil for the
head (16-channel head coil) and the 32-channel body coil.
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The specimens were analysed at an internationally recog-
nized laboratory to determine the number of colony-forming
units (CFU) and the identification of microbes.

Measurement of bacterial loads of humans

We prospectively examinedmenwith beards who were sched-
uled for a routine MRI examination in three different
European radiological departments (institutes 1–3).

The beards were examined by means of an agar plate. The
plates were pressed cautiously onto the beard (TSA TLHTh
Contact plate) for 10 s. This was followed by an examination
of the oral mucosa in the left halves of the men’s mouths. For
this purpose, we used swabs (eSwab, Copan, Italy) (Fig. 2).
All patients were outpatients and had not been hospitalized
during the last 12 months.

Following the bacteriological examination, we document-
ed the respective beard lengths by gently pulling on the beard
hair and measuring the length in centimetres with a ruler. The
hair length was subdivided into three groups: group 1, 0–1 cm;
group 2, 1.1–2 cm; group 3, more than 2.1 cm. The measure-
ments were carried out by three trained examiners (AG, JG,
JG).

Measurement of bacterial surface load of MRI
scanners

Humans and dogs were always examined in the same scanner
but separately at different time points at one institute (institute
1) using a 1.5-T MRI system (Avanto Fit, Siemens
Healthcare). The same surface coils were used for all exami-
nations in dogs and humans (16-channel head coil and 32-
channel XL surface coil, Siemens Healthcare). On this scanner
(institute 1), the bacteriological assay was performed either
between clinical routine and/or after routine cleaning at the
end of the time slots allotted to dogs. Three standardized sam-
plings were performed each on three different days, taken from
the surface of the patient table as well as at both entrances to the
gantries (Fig. 3). In addition, a bacteriological sample was taken
from the contact surface with the MR coil (Fig. 3).

A commercially available alcohol-free disinfection wipe
(Septiwipe®,Medical Services Group, UK) was used to clean
the MRI scanner and receiver coils after each canine exami-
nation. Cleaning and disinfection of the MRI scanner and coil
took an average of 120 s. The MRI machine surfaces and the
coil were wiped using regular hand movements in one direc-
tion. Cleaning of the MRI scanner was always begun with the
surface of the patient table and then the surface and bore

Fig. 1 While the dogs were under anesthesia a targeted bacteriological assay was performed in the neck of each dog between the shoulder blades (a). The
surfaces of the human beard, like the sample dog hairs, were sampled by means of an agar plate (b)

Fig. 2 The oral mucosa in the left
halves of dogs (a) and left buccal
region of men (b) were examined
using a swab
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gantry of the machine. Regular hospital routine does not in-
clude MRI scanner or receiver coil disinfection as part of the
clinical workflow processes.

At two other radiological institutes (institutes 2 and 3),
participating in the study, only humans are evaluated with
their MRI scanners and receiver coils. At institute 2, a 1.5-T
MRI (Aera, Siemens Healthcare) was available. At institute 3,
a 3-TMRI (Skyra, Siemens Healthcare) system was available.
Both institutes employed a 16-channel head coil and a 32 XL
surface receiver coil (Siemens Healthcare) in clinical routine.
In each of these scanners, three bacteriological samplings sim-
ilar to the one performed in institute 1 were also performed on
three different days including the scanner table as well as at
both entrances to the gantry. The measurement sites were
similar to those described above for institute 1 (Fig. 3).
Dedicated cleaning and disinfection are not part of the normal
clinical routine on MRI scanners used exclusively for human
patients.

Classification of microbe counts into groups

The numbers of CFU were divided into three groups for the
purpose of statistical comparison. The group with a Blow^
number of germs included CFU counts between 0 and 10
per plate. The group with a Bmoderate^ bacterial load included
CFU counts between 11 and 30 per plate. The group with a
"high^ number of germs exhibited 31 or more CFU on the
agar plate and had been sampled from the buccal mucosa. The
classification of CFU into these three categories is a standard
approach for quantification in international hospital hygiene
and standardized the description of the degree of
contamination.

Statistics

The groups were compared using a Fisher’s exact test for
categorical variables or a Mann–Whitney U test for quantita-
tive variables.

All analyses were performed using the R programming
language (version 3.3.3) (R Core Team, 2017). The package
Btable one^ (Yoshida and Bohn, 2015) was used to compute
descriptive statistics and Fisher’s exact tests or Mann–
Whitney U tests. For all tests, a p value less than 0.05 was
taken to statistically significant.

Results

A total of 18 bearded men were included in the study. The
median age of the participants was 36 years (range 18–76
years). Five men had a beard length in group 1 (beard hair
length 0–1 cm), four men were assigned to group 2 (beard hair
length 1.1–2 cm) and nine men were in group 3 (beard hair
length of more than 2.1 cm). There was no statistical differ-
ence in the distribution of men between the three different
beard-length groups (p > 0.05).

A total of 30 dogs were included in the study. The median
age of the dogs was 3.8 years (range 3 months–13 years). The
breeds of the dogs are summarized in Table 1.

Comparison of bacterial load in men’s beards
and dogs’ coats

There were significantly more CFU in men’s beard compared
with dogs’ fur (p = 0.036).

A total of 18/18 men displayed high microbe counts, while
7 dogs exhibited moderate microbe counts and 23 dogs had
high microbe counts.

More human-pathogenic bacteria were found in the men’s
beard than in the dogs’ fur. In 7/18 humans and 4/30 dogs, we
found human-pathogenic bacteria. However, this difference
does not meet statistical significance (p = 0.074).

The seven human-pathogenic bacteria in men included five
cases of Enterococcus faecalis and two cases of
Staphylococcus aureus.

The four human-pathogenic bacteria found in the dogs coat
included one case of Staphylococcus aureus, two cases of
Moraxella spp. and one case of Enterococcus sp. (Table 2).

Comparison of bacterial load in buccal mucosa of men
and dogs

There were significantly more microbes present in the oral
cavities of the human subjects than in the oral cavities of the
canine subjects (p < 0.001).

Fig. 3 For every MRI scanner, three samplings were performed on three
different days on the same patient table as well as in both entrances to the
gantry and on the surface of MR coil. In case of the dog imaging studies,
the sampling was done immediately after the cleaning and disinfection
process at the same locations described above
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One man had a low number of microbes in his oral cavity,
none displayed moderate microbe counts and 17 yielded high
microbe counts in their oral cavities. A total of 9 dogs had a
low number of microbes in their mouths, 9 dogs displayed
moderate microbe counts and 12 dogs presented high microbe
counts in their oral cavities.

However, we found human-pathogenic microbes (e.g.
Serratia marcescens) in only 1/18 men. The rest of the micro-
bial population comprised normal oral flora. However, in 19/
30 canine subjects, we found microbes that are potentially
pathogenic in humans: 3 cases of Pasteurella sp., 14 cases
of Pasteurella canis, 1 case of Escherichia coli and 1 case of
Enterococcus faecalis (p < 0.001) (Table 3).

Comparison of bacterial load in scanners used
exclusively for human patients and of scanners used
by both humans and dogs

The number of bacterial CFU isolated from MRI scanners
used by both humans and animals (institute 1) during the daily
clinical routine showed no difference compared with MRI
scanners used by patients (institutes 1, 2 and 3) (p = 0.910).
At all three institutes, no human-pathogenic microbes were
found in any of the scanners.

Following cleaning and disinfection after the examinations
with dogs, the number of bacterial CFU in the specimens from
the MRI scanner at institute 1 showed significantly lower

Table 1 Inclusion of different breeds with normal distribution

Table 2 Comparing the bacteriological load and the proportion of
human-pathogenic microbes between men’s beard and dog’s fur

Number of bacterial CFU

Beard of men (%) Fur of dogs (%) p value

Low 0 (0.0) 0 (0.0) 0.036
Moderate 0 (0.0) 7 (23.3)

High 18 (100.0) 23 (76.7)

Presence of human-pathogenic microbes

Beard of men (%) Fur of dogs (%) p value

No 11 (61.1) 26 (86.7) 0.074
Yes 7 (38.9) 4 (13.3)

Table 3 Comparing the bacteriological load and the proportion of
human-pathogenic microbes within the oral cavities of men and dogs

Number of bacterial CFU

Oral cavities of men (%) Oral cavities of dogs (%) p value

Low 1 (5.6) 9 (30.0) < 0.001
Moderate 0 (0.0) 9 (30.0)

High 17 (94.4) 12 (40.0)

Presence of human-pathogenic microbes

Oral cavities of men (%) Oral cavities of dogs (%) p value

No 17 (94.4) 11 (36.7) < 0.001
Yes 1 (5.6) 19 (63.3)

Eur Radiol (2019) 29:527–534 531



numbers of bacteria compared with scanners used by humans
during clinical routine (institutes 1, 2 and 3) (p = 0.004).
Following disinfection of the animal scanner at institute 1, there
was a mean of 0 microbes isolated compared with a mean value
of 5 CFU from the MRI scanners of institutes 1, 2 and 3 during
clinical routine (Table 4).

Comparison of bacterial load from coils used
exclusively in patients and bacterial load from coils
used by both humans and dogs

The number of bacterial CFU in specimens isolated fromMRI
coils used by both humans and dogs (institute 1) showed no
statistical differences compared with the number of bacterial
CFU in specimens from coils in all institutes during clinical
routine (p = 0.926).

At institute 1, the bacterial CFU reached a mean value of 47
during clinical routine, whereas all institutes during clinical
routine had a mean value of 10 CFU. There was no statistical
difference for the presence of human-pathogenic bacteria (p =
0.509). In addition, we found no human-pathogenic microbes
in the samples originating from the scanner at institute 1, while
the specimens from institutes 2 and 3 (3 × Staphylococcus
aureus) were positive.

The number of microbes found on the receiver coil from the
MRI unit used for dogs (institute 1) after cleaning was signifi-
cantly lower than the number of microbes in the coils used in all
institutes during clinical routine (p = 0.012). At institute 1 the
number of bacterial CFU in the specimens obtained was 0,
whereas the specimens taken from all the coils during clinical
routine had a mean bacterial CFU of 10 (Table 5).

Discussion

In this study men have a significantly higher bacterial load
in their beards than dogs have in their fur. More human-path-
ogenic bacteria were found in the men’s beard than in the
dogs’ fur. Furthermore, dogs have a smaller total number of
microbes in their oral cavities than humans. No microorgan-
isms causing zoonotic diseases could be detected in the envi-
ronmental probes sampled in the MRI scanners after the ca-
nine exams. On the basis of these findings, dogs can be con-
sidered as Bclean^ compared with bearded men. We also
showed that MRI scanners and receiver coils used for clinical
studies bear considerable bacterial contamination risk with
human-pathogenic microbes. After dog examinations and
standardized scanner disinfection, the scanners are clean and
have almost no detectable remaining bacteria.

The decision to permit the examination of dogs in MRI
units used for clinical human studies varies across institutions,
with a proportion viewing this as posing significant risk with-
out good evidence. From a hygiene point of view, considering
our results, it can even be advantageous as disinfection of the
scanner following a dog examination renders the scanner al-
most sterile, which may not be the case following a clinical
examination without any cleaning and/or disinfection process.

The hygiene standards across hospital practices remain het-
erogeneous, with each adopting different practices to mini-
mize healthcare associated infections (HAIs) infection.
Despite great efforts to lower the rate of HAIs, deficits in
hospital hygiene have been repeatedly reported. For example,
it was recently found that ultrasound probes in European hos-
pitals contain more pathogenic microbes than toilet seats and
poles on public buses [9, 10]. Hence, evidence-based practices
in this area can help to balance the optimal use of our imaging
facilities with the need to ensure patient safety.

Table 4 Comparing the bacteriological load of MRI scanners during
clinical routine, after dog studies and following the standardized cleaning
and disinfection process

All scanners (institute
1 + 2 + 3) during
normal clinical
routine (N = 27)

Scanner
institute
1 (N = 9)

p
value

Mean (±sd) CFU/plate
during normal clinical
routine

5 (±10) 7 (±11)
(Normal
routine with
humans)

0.910

Mean (±sd) CFU/plate
during normal clinical
routine (institute 1+2+
3) versus scanner at
institute 1 after dogs
examination (±sd)

5 (±10) 0.1 (±0.3) After
dogs and
disinfection

0.004

Presence of
human-pathogenic
bacteria (% of coils)

0 (0.0) 0 (0.0) After
dogs and
disinfection

Table 5 Comparing the bacteriological load and the proportion of
human-pathogenic microbes on the MRI surface receiver coils

All MRI coils
(institutes 1 + 2 + 3)
during normal routine
(N = 9)

MRI coils
institute
1 (N = 3)

p
value

Mean (±sd) CFU normal
routine with humans

10 (±9) 47 (±76)
clinical
routine

0.926

Mean (±sd) CFU during
normal routine with
humans (institute 1 +
2 + 3) versus scanner
institute 1 after dogs
(±sd)

10 (±9) 0.0 (±0.0) 0.012

Presence of
human-pathogenic
bacteria during
routine (%)

3 (33.3) only from
institutes 2 and 3

0 (0.0) 0.509
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According to recent scientific data, there are far too many
human-pathogenic microbes in hospital areas, resulting in a
constant risk for patients in contracting HAIs [11]. The esti-
mated number of HAIs in US hospitals was calculated to be
approximately 1.7 million patients per year. The death rate in
the USA attributable to HAIs was around 100,000 patients per
year [12]. The direct cost of HAIs ranges from US$28 billion
to US$45 billion per year, which has a tremendous impact on
health economics worldwide [13]. Over the last few years, an
increasing number of nosocomial infections have been ob-
served in hospitals, and an increasing number of resistant bac-
terial strains have been described. The reason for this is the
indiscriminate administration of antibiotics but also the poor
hygiene conditions in hospitals and other healthcare settings
dealing with patients [14]. In the USA, one out of 25 patients
contracts at least one infection during his or her hospital stay
every day. In Switzerland, the estimated rate of HAIs has been
reported to be 5.9% [15]. It must be pointed out that nearly all
HAIs are preventable [16].

In our efforts to reduce HAI, the central question should
perhaps not be whether we should allow dogs to undergo im-
aging in our hospitals, but rather we should focus on the knowl-
edge and perception of hygiene and understand what poses real
danger and risk to our patients. The question of how informed
hospital staff are concerning hygiene and effectiveness in re-
ducing the specific risk is also critical. In a well-managed and
hygiene-aware department, the question of whether a dog has
undergone an MRI examination prior to clinical human scan-
ning should therefore become irrelevant. To our knowledge
there are no international standards for MRI hygiene, which
seems to be organized individually in each hospital. There are
few publications of hygiene and animals without clear recom-
mendations for radiology departments [17–19].

As a result of limited diagnostic possibilities, however, there
is a lack of dedicated examination sites for canines despite a
rapidly rising need. Opening the imaging facilities to dogs un-
der these circumstances is essential. This study shows that dogs
do not pose a hygiene risk if they are examined in scanners
originally dedicated to humans. On the contrary, since MRI
devices are rarely cleaned during routine use in hospitals, the
diagnostic equipment cleaned meticulously after the dog exam-
ination almost reaches bacteriologically sterile conditions.

In addition to the social tasks of dogs, there is often uncer-
tainty in animal experiments. From a hygiene point of view, it
is important to clarify if it is possible to examine animals in the
MRI of a human hospital. The data in this presented study
should further objectify the discussion.

Limitations of this study

First, we only investigated the hygiene conditions of the MRI
scanners at three European hospitals. Hence, we cannot be

certain to what extent our findings can be generalized.
However, it is likely that the hospitals included in our study
and their hygiene practices are representative of hospitals else-
where in Europe. Second, we only examined 30 dogs and 18
bearded men. There is a gender bias in our study population as
no women were included in our study. There is no reason to
believe that womenmay harbour less bacteriological load than
beardedmen. However, this would need to be investigated in a
separate study if there is scientific interest in this issue.

Finally, we did not explicitly look for other microorgan-
isms such as worms. But we can confirm that no macroscopic
visible contamination of the surfaces (i.e. with fleas or worms)
was observed and we did not find fungal growth either.

Conclusion

In this prospective multicenter study, we showed that dogs do
not pose a significant hygiene risk to humans even if they
utilize the same MRI scan facility. The beards of men harbour
significantly more microbes than the neck fur of dogs and
these microbes were significantly more pathogenic to humans.
As the MRI scanner used for imaging of the dogs was cleaned
and disinfected more regularly, it is contaminated with sub-
stantially fewer human-pathogenic microbes than the scanners
used exclusively by humans.
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