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Periodontitis increases risk of viable
bacteria in freshly drawn blood
donations

Christian Damgaard**, Susanne G. Szkmose?, Martin Nilsson*, Mogens Kilian®,
Claus H. Nielsen*?, Palle Holmstrup*

Background - The aim of the study was to determine if periodontitis, which
often causes transient bacteraemia, associates with viable bacteria in standard
blood donations.

Materials and methods - This was a cross-sectional study of 60 self-reported
medically healthy blood donors aged over 50 years. According to standard
procedures, whole blood was separated by fractionation into plasma,
buffy-coat, and red blood cell (RBC)-fractions. The buffy-coat was screened
for bacterial contamination using BacT/ALERT. Samples from plasma and
RBC-fractions were incubated anaerobically and aerobically at 37°C for 7 days
on trypticase soy blood agar (TSA). For identification, colony polymerase
chain reaction was performed using primers targeting 16S rDNA.

Results - From 62% of the donors with periodontitis, bacterial growth was
observed on at least 1 out of 4 plates inoculated with plasma or RBCs, whereas
only 13% of plates inoculated with plasma or RBCs from periodontally healthy
controls yielded bacterial growth (relative risk 6.4,95% Cl: 2.1; 19.5; p=0.0011).
None of the donors tested positive for bacterial contamination using
BacT/ALERT. Cutibacterium acnes was found in 31% of the donations from
donors with periodontitis and in 10% of the donations from periodontally
healthy donors. In addition, Staphylococcus species, Bacillus mycoides,
Aggregatibacter aphrophilus, and Corynebacterium kroppenstedtii were
detected.

Discussion - Periodontitis increased the risk of bacterial contamination
of blood products. Contaminating bacteria are often associated with the
RBC-fraction. As the BacT/ALERT test is generally performed on platelet
products, routine screening fails to detect many occurrences of viable bacteria
in the RBC-fraction.
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INTRODUCTION

Over 100 million blood units are transfused annually, making blood transfusion one of

the most common procedures in hospitals*?. Infections resulting from the introduction of
bacteria into a patient through blood transfusion are known as transfusion-transmitted
infections (TTIs)’, and remain a leading cause of post-transfusion mortality and
morbidity*®. Infectious complications to blood transfusion include sepsis, pneumonia,
abscesses, wound infection, meningitis, haemolysis, empyema, urinary tract infection,
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and fever®. Such infections may be partly accounted
for by an inhibitory effect of the transfusion per se
on the immune system’”, but another cause might be
unrecognised bacterial contamination of the transfused
blood units, as we have previously suggested™.

Bacteria in donor blood may derive from infections of
the donor or from contamination during venipuncture.
Previous studies showed that daily activities such as
chewing and tooth brushing facilitate translocation
of bacteria into the blood stream in patients with
periodontitis"™.  Periodontitis is a multifactorial
inflammatory disease in the tooth supporting tissues,
triggered by bacteria forming a biofilm on the tooth
surface®”. The periodontal biofilm is complex, and often
includes gram-negative anaerobic bacteria®. In most
countries periodontitis affects more than half of the
population over the age of 50”. In a recent study of 148
German blood donors with a mean age of 53.3 years, 74%
were diagnosed with periodontitis®®. Periodontitis causes
inflammatory breakdown of tooth supporting tissues, as
well as deepening and ulceration of periodontal pockets
through which bacteria may gain access to the blood
stream™*, Though a standard quarantine of 24 hours
after undergoing dental procedures applies, periodontitis
is currently not an exclusion criterion for blood donation.
Using direct culturing, we have previously shown a
surprisingly high incidence of bacteria from both plasma
and the red blood cell (RBC)-fractions from donors
aged >50 years, with a total proportion of 60% donating
bacterially contaminated blood. This may explain the
discrepancy between the relatively high rates of post-
transfusion infections compared to the low rates of
bacterial contamination detected by the BacT/ALERT test.
The latter method is based on colourimetric detection of CO,
produced if growing micro-organisms are introduced into the
culture medium from the sample. Our previous study had not
been designed to find any explanation for the contamination,
including a possible association of periodontitis with donation
of bacterially-contaminated blood™.

Conventional tests for bacterial contamination of donor
blood are based on sampling from the platelet-fraction®.
This is due to the general perception that platelets are more
likely to be associated with bacterial contamination than
other blood components due to the fact that storage at
room temperature facilitates bacterial growth*. However,
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sampling from plasma or platelets does not reveal bacteria

adhering to RBCs, which may constitute a reservoir

of blood-borne bacteria??. Opsonisation of bacteria

with complement enables bacteria to adhere to RBCs

via complement receptor 1 (CR1, CD35), a phenomenon

referred to as immune adherence?**.

We hypothesize that blood from donors with periodontitis

has a higher incidence of viable bacteria than blood from

donors without periodontitis. We further hypothesize

that those viable bacteria identified by direct culture

are missed by standard screening protocols for bacterial

contamination of donor blood.

Therefore, the aims of the study were:

1. to determine the prevalence of periodontitis in a
cohort of blood donors aged >50 years;

2. to identify viable bacteria in standard blood-pack
units;

3. todetermine the incidence of viable bacteria in donors
with and without periodontitis;

4. to determine whether standard screening procedures
identify viable bacteria with the same incidence as
direct culture.

MATERIALS AND METHODS

Sample size

Thiswasacross-sectional study. Sample size was estimated
using a two-sided power analysis with p(0)=40, u(0)=10,
2=50, @=0.005 and a power of 95%. The total sample size
required for the study was 60 consecutive donors.

Ethics

The study and consent procedures were approved by The
Ethics Committee for The Capital Region of Denmark
(#H-16049514). All donors attended the Zealand Regional
Blood Bank, Zealand University Hospital, Roskilde, Denmark,
between June 11" 2018 and January 22™ 2019. All donors gave
informed written consent prior to blood donation.

Blood specimen collection

A total of 60 self-reportedly healthy donors aged >50
years and weighing >50 kilos were recruited. To avoid
any risk of bias, periodontal status was unknown at the
time of the blood collection. Prior to venipuncture of the
antecubital vein, topical disinfection was performed using
swabs containing 82% ethanol and 0.5% chlorhexidine
for 30 s, followed by 30 s drying time in accordance with
World Health Organization (WHO) guidelines?. The first
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30-50 mL blood was directed into a pre-sample bag to
minimise the risk of contamination from the skin plug
following insertion of the needle. The following 450 mL
of blood was collected into the triple blood-pack unit
containing citrate-phosphate-dextrose solution (CPD)
(MacoPharma, Tourcoing, France). The tube connecting
the needle with the pre-sample bag and the 450 mL
triple blood-pack units was welded off. The pre-sample
bag was used to draw samples for standard analysis as
required (viral screening, blood type). All blood donations
were given a unique number, to allow subsequent blood
cultivation to be blinded. The triple blood-pack units
were transported and stored at room temperature
until fractionation either the same day or the following
morning at the Department of Clinical Immunology,
Zealand University Hospital, Naestved, Denmark. Finally,
using a sterile technique, 10 mL from each buffy-coat was
transferred to a BacT/ALERT flask for aerobic growth for 7
days using the Biomerieux system (Biomerieux SA, Marcy
I'Etoile, France).

To further investigate bacterial presence in the final
products, the bottom hoses on the plasma and RBC blood
pack units were disinfected twice with 85% alcohol in a
laminar flow hood after which they were cut with sterile
scissors. The first 30 mL blood/plasma were discarded to
minimise risk of contamination from cutting the hose.
The next 15 mL were poured directly into a sterile 15 mL
tube.

Isolation of viable bacteria from blood

0.5 mL of plasma and 0.5 mL RBC-suspension were plated
out separately under sterile conditions on duplicate sets of
trypticase soy blood agar (TSA) plates containing 5 mg/L
hemin and 50 ug/Lvitamin K, and incubated at 37°C under
anaerobic conditions in the presence of 10% CO_, 10% H ,
and 80% N, and aerobically in the presence of 5% CO,
respectively. The resulting four cultures per donor were
included in further analyses of bacterial growth. Another
0.5 mL from the heparin vacutainer was handled similarly
and incubated on TSA plates anaerobically or aerobically
to test if it could predict bacterial contamination in any of
the blood fractions from the actual blood donation bag.
All four plates per donor were incubated for 7 days at 37°C.

Detection of colony forming units
All plates were visually examined for colonies after 7
days of incubation. If positive, the number of colonies on
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each plate was counted and the plate was photographed.
Colonies were then individually transferred to fresh plates
to obtain monocultures for identification of species. The
re-plated colonies were incubated for 4 days using the
same growth conditions.

Colony polymerase chain reaction and 16S rRNA gene
sequence analysis

For identification of bacteria, colony polymerase chain
reaction (PCR) was performed using primers targeting the
bacterial 16S rRNA gene, as described by Bosshard et al.>.
Colony PCR was performed at the Costerton Biofilm
Center, Department of International Health, Immunology
and Microbiology, Faculty of Health and Medical Sciences,
University of Copenhagen, Copenhagen, Denmark.
Bacterial 16S rRNA gene sequences were compared with
taxon sequences in the extended Human Oral Microbiome
Database (eHOMD), the National Center for Biotechnology
Information (NCBI) database, and the Ribosomal Database
Project, with a special focus on designated type strains.

Periodontal examination

All participants underwent a periodontal examination
using a headlamp, a mirror and a periodontal probe (PCP
15; Hu-Friedy, Chicago, IL, USA) immediately after the
blood donation. Periodontal conditions were assessed
with periodontal pocket probing depth (PPD) and clinical
attachment level (CAL) at six measurement points for
each tooth (mesio-buccal, buccal, disto-buccal, mesio-
oral, oral and disto-oral) with the same millimetre-scaled
periodontal probe (PCP 15; Hu-Friedy). Based on these
parameters, the periodontal disease severity according to
AAP/EFP criteria® was classified in accordance with the
criteria for periodontitis, stage II-IV, where stage I is the
mildest and stage IV the most severe”. Number of teeth
and condition of the oral mucosa were also recorded.
Moreover, relevant anamnestic information regarding
smoking, tooth brushing habits, last visit to the dentist,
and cause of missing teeth were recorded. Periodontal
examinations and diagnostics were performed by a
trained Doctor of Dental Surgery (DDS; CD).

Radiologic examination

After the blood specimen and periodontal examination,
all participants were asked to attend the Department
of Radiology, Zealand University Hospital, Roskilde,
Denmark, within 1 month for an orthopantomography of
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the teeth and jaws to be taken by a trained radiographer.
Description and diagnostics were performed by a trained
DDS (CD).

Statistical analysis

Relative risk was determined using GraphPad Prism software
version 8 (GraphPad Software, San Diego, CA, USA).

RESULTS

Twenty-nine of the 60 (48%) blood donors with a mean
age of 57.9 years suffered from periodontitis, whereas the
remaining 31 donors with a mean age of 54.8 years were
periodontally healthy. There was an even distribution of
males (n=29) and females (n=31) within the two groups.

Donors with periodontitis had, on average, 28.1 teeth
and 13.3 decayed, missing, and filled permanent teeth
(DMFT), whereas the periodontally healthy donors had
28.8 teeth and 11.8 DMFT. Five donors with periodontitis
were smokers, 10 were previous smokers and 14 were

never-smokers (Table I). Only one periodontally healthy
donor smoked, 14 were previous smokers, and 16 were
never-smokers (Table I). There were no statistically
the
periodontitis and those without in terms of age, gender
distribution, number of teeth, and DMFT (TableI).

We inoculated TSA plates with plasma and RBCs,

significant  differences between donors  with

respectively, from each donor and incubated the plates
under both aerobic and anaerobic conditions for 7 days.
For 62% of the donors with periodontitis, bacterial growth
was observed on at least one of these four plates (Figure
14). They were distributed as 31% with growth only on
plates inoculated with RBCs, 24% with growth only on
plates inoculated with plasma, and 7% with growth on
plates inoculated with RBCs and plasma (Figure 1A).

Among periodontally healthy donors, growth was only
observed in 10%, of which 3% had growth only on plates
with RBCs and 7% had growth on both RBCs and plasma

Table I - Population characteristics

Age in years* Female Male N. of teeth* DMFT* Smokers Previous Never-
(SD) smoker smoker

Periodontitis 57.9 (5.2) 12 17 28.1 13.3 5 10 14

Healthy 54.8 (5.3) 19 12 28.8 11.8 1 14 16

SD: standard deviation; DMFT: decayed, missing, filled teeth. *Mean values.
A Periodontitis B Healthy
7% i
3%
90%
ERBC+plasma MRBConly OPlasmaonly DONegative BRBC+plasma MRBConly OPlasmaonly ONegative

Figure 1 - Frequency of viable bacteria in blood from donors

Freshly drawn blood from 60 blood donors was fractioned into RBCs, buffy-coat and plasma. Plasma and RBCs were plated on trypticase soy blood
agar (TSA) plates under aerobic or anaerobic conditions. Blood products were defined as positive if at least 1 colony was observed on at least one
of the TSA plates. Shown are the frequencies of donors for whom bacteria were found in the RBC-fraction only, in the plasma-fraction only, in both
fractions, or in none of the fractions. Donors with periodontitis (n=29) are shown in (A) and periodontally healthy donors (n=31) are shown in (B).
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(Figure 1B). All three periodontally healthy donors, who
had bacterial growth, also had apical radiolucency visible
on at least one tooth on the orthopantomogram, which is
likely to be caused by an infected root canal.

The relative risk for having viable bacteria in the blood
was 6.4 (95% CI: 2.1; 19.5) in donors with periodontitis
compared to periodontally healthy donors.

None of the donors tested positive for bacterial
contamination by the BacT/ALERT screening of each
buffy-coat.

Among the 62% of donors with periodontitis for whom
bacterial growth was demonstrated, 38% showed growth
of more than one colony type (Figure 2).

of all
participants, thus being the species most frequently
identified (Table II). The bacterium was found in 31% of the
donations from periodontitis-donors and in 10% of the

Cutibacterium acnes was isolated from 20%

donations from periodontally healthy donors (p=0.0544).
Staphylococcus caprae/capitis was identified in 10% of the
donations from periodontitis-donors and in 6% of the
donations from periodontally healthy donors (p=0.6658),
whereas S. epidermidis was identified in 7% of donors
with periodontitis and 3% of the periodontally healthy
donors (p=0.6059). Staphylococcus hominis, Staphylococcus
lugdunensis and Bacillus mycoides were all identified in
7% of blood from donors with periodontitis and was not
identified in blood from healthy donors. Aggregatibacter
aphrophilus was identified in one donor with periodontitis.
The majority of bacteria identified in the present study
were facultatively anaerobic species.

DISCUSSION

Nosocomial-infections following transfusion with RBCs
are known to occur at rates of up to 10.6-12.7%*%, which
are much higher than the rate of positive findings in
conventional bacterial screening systems based on either
pH-testing™, detection of CO_**°, or swirling of platelet
concentrates®. It is to be noted that such testing is
routinely performed only on the platelets and only under
aerobic conditions®. In this study, we tested the plasma
and RBC-fractions of donor blood for content of viable
bacteria by cultivation on TSA plates under both aerobic
and anaerobic conditions.

We confirm our previous finding of viable bacteria being
frequently present in blood donations from donors aged
>50 years. Also, our results confirm that bacteria can
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Figure 2 - Example of a growth-positive plate

Plasma from a donor with periodontitis plated on a trypticase soy
blood agar (TSA) plate under anaerobic conditions for 7 days. Bacterial
growth was identified as colonies of Staphylococcus epidermidis and
Cutibacterium acnes.

Table II - Bacterial species identified™

Donors with | Periodontally
periodontitis | healthy donors
(n=18) (n=3)
Cutibacterium acnes 9 3
Staphylococcus caprae/capitis 3 2
Staphylococcus epidermidis 2 1
Staphylococcus lugdunensis 2
Staphylococcus hominis 2
Bacillus mycoides 2
Corynebacterium kroppenstedtii 1
Aggregatibacter aphrophilus 1
Not identified 1

*Bacteria were identified by comparing 16S rDNA sequence from the isolate
taxons from the Expanded Human Oral Microbiome Database (eHOMD),
the National Center for Biotechnology Information (NCBI) database, and
the Ribosomal Project Database. All species were identified with minimum
99.1% confidence. Growth of the given species shown as number out of 60
blood donations.

be found in the RBC-fraction as well as in the plasma
fraction®. Our previous study did not consider the
periodontal status of the donors, but here we show that
patients with periodontitis have a relative risk of 6.4 for
donating bacterium-contaminated blood compared to
periodontally healthy donors. As expected”, around half
of the blood donors had periodontitis, and all of these
were aged >50 years.
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Noneoftheblooddonationsthatyielded growthofbacteria,
tested positive by bacterial screening using BacT/ALERT.
Soeterboek et al. also found bacterial contamination of the
RBC-fraction, but this was only based on BacT/ALERT-
testing®®. Accordingly, they reported considerably fewer
cases of bacterial contamination than we do here, i.e., in
1% of RBC-products and 0.5% of the total blood products
tested’?. Likewise, Kunishima et al. found bacterial
contamination of only 0.18% RBC concentrates based on
cultivation in bottles of thioglycollate and soybean casein
digest broth media®, in contrast to the direct cultures
employed in the present study. In the French BACTHEM
study, which included patients with transfusion-related
adverse events, such as fever, chills, drop in blood pressure,
shock, isolated dyspnoea, malaise, anxiety and digestive
distress, 77% of samples yielded growth of bacteria by
direct blood agar culture**. The species identified in the
BACTHEM study were Gram-negative rods in 46% of
contaminated blood portions, Gram-positive cocci in 28%,
and Gram-positive rods in 21%*.

Inagreementwith the reportby Kunishimaetal.*, the most
frequently isolated species in this study was Cutibacterium
acnes (previously “Propionibacterium acnes”), In addition,
several coagulase-negative Staphylococcus species were
frequently isolated. All of these species are typically
associated with human skin, but are also inhabitants of
the periodontium**. Only Aggregatibacter aphrophilus,
which was recovered from one sample, is exclusively
present in the human oral cavity and support the oral
origin®®. Theoretically, the majority of the other bacteria
detected might have been introduced into the blood
specimens at the collecting stage, although great effort
was made to avoid this, including thorough disinfection
of the skin and discarding the first 30 mL of collected
blood. However, this explanation is not in agreement
with the significantly higher frequency of bacterial
contamination of blood from donors with periodontitis
than periodontally healthy donors. Interestingly, it has
been suggested that healthy individuals have a natural
blood microbiome including bacterial phyla such as
Proteobacteria, followed by Actinobacteria, Firmicutes, and
Bacteroidetes**. Our findings suggest that the oral cavity
is an important source of this microbiome, particularly
in individuals with a jeopardised mucosal barrier due to
periodontal inflammation. However, a limitation of this
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study is that we did not analyse the oral microbiome of the
donors and thus cannot confirm that the bacterial species
isolated from the blood are also present in the oral cavity
or on the skin of the donors.

The question then arises as to why prominent periodontal
bacteria such as Porphyromonas gingivalis, Fusobacterium
and Prevotella spp.’* were not found in this study. One
explanation may be that these bacteria are killed by the
immune system in the whole blood preparations during
overnight storage, while tolerating commensal bacteria
such as staphylococci and C. acnes. Bacteria associated
with periodontitis are mainly Gram-negative anaerobic
bacteria, which are potent activators of leukocytes.
Although viable bacteria were considerably more frequent
in blood donations from donors with periodontitis than
in blood from periodontally healthy donors, 3 of the 31
donations from the latter did contain viable bacteria.
Interestingly, however, all three periodontally healthy
donors with bacterial growth also had apical radiolucency
onat least one tooth. This suggests that inflammation due
to infected root canals, such as periapical periodontitis,
mediates translocation of bacteria into the circulation*.
The majority of the bacterial species identified in this
study, including C. acnes and Staphylococcus spp., have
previously been associated with nosocomial infections
such as sepsis, endocarditis, brain abscesses, pneumonia,
meningitis, urinary tract and wound infections®.
Notably, TTI with Staphylococcus epidermidis has been
reported to cause potentially fatal sepsis***.

We have previously shown a false-positivity rate of 8%
using the method applied here. Twenty-nine percent
of the donors who tested positive had bacterial growth
on more than one of the four plates, suggesting that at
least those portions were not false-positive*. Moreover,
48% of the donations that tested positive for bacterial
contamination presented with more than one colony,
which also argues against a high frequency of false-
positive findings.

In conclusion, 48% of blood donors in this cohort (mean
age 57.9 years) suffered from periodontitis. Using direct
cultivation of both plasma and the RBC-fraction, the
relative risk for having viable bacteria in the blood was 6.4
(95% CI: 2.1;19.5) in donors with periodontitis compared to
periodontally healthy donors. None of the donors tested
positive for bacterial contamination using BacT/ALERT
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screening of each buffy-coat. This suggests that blood
donors with periodontitis are considerably more likely
to donate blood contaminated with bacteria, and that
routine screening of platelets using BacT/ALERT may not
be sufficient to detect contaminations that may cause TTI.
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