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Transfusion of a platelet pool contaminated with
exotoxin-producing Staphylococcus aureus: a case report
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Abstract: Staphylococcus aureus (S. aureus) contamination of platelet concentrates (PCs) has become a leading
cause of transfusion-transmitted infections in recent years. S. aureus has been known to escape detection
during routine PC screening with culture methods leading to septic transfusion reactions. This report
describes a bacterial-associated transfusion event in an elderly patient diagnosed with acute promyelocytic
leukemia, who was transfused with a 5-day old buffy coat platelet pool. The transfusion was interrupted due
to changes in the cardiorespiratory status of the patient, followed by septic shock symptoms including severe
chest pain, shortness of breath, chills/rigors, nausea/vomiting, transient hypoxemia, and fever. The patient
was successfully treated with analgesics and nitroglycerine spray. Cultures performed on the patient’s blood
and the residual PC unit were positive for S. aureus. Polymerase chain reaction (PCR) and Western blot
analyses showed that the S. aureus isolate produces the superantigen enterotoxin type G, which was detected
in residual PC obtained after the transfusion event. In conclusion, microbiological analyses of patient’s blood
samples and transfused PC reveal bacterial infection with severe post-transfusion symptoms due to S. aureus
contamination. This is classified as a false-negative transfusion septic case as the implicated PC was negative
for bacterial contamination during routine screening with automated culture. This report substantiates the
increasing cases of S. aureus as a major PC contaminant with severe clinical consequences, and exposes the

potential dangers associated with exotoxin-producing isolates.
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Introduction an amenable environment for proliferation (1,5). Canadian

Bacterial contamination of blood components is the leading Blood Services and other blood centres worldwide have

cause of transfusion-transmitted septic infections (1). implemented multifaceted safety procedures to mitigate the

The transmission of bacterial infectious agents through risk of supplying and transfusing bacterially-contaminated

transfusable blood products can cause post-transfusion PCs. These include donor screening questionnaire,

reactions, posing severe risk of morbidity and mortality to disinfection of donor’s skin, diversion of the first aliquot

recipient patients (1-4). The storage conditions of platelet
concentrates (PCs) at 20-24 °C under agitation, in gas-
permeable bags for up to seven days, renders bacteria with

(30-40 mL) of donated blood, and PC screening for the
presence of bacteria or PC treatment with pathogen
reduction technologies (1,5). Despite these precautions,
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Table 1 Clinical characteristics of the patient on the day of the septic reaction

Transfusion

Vital signs

Pre During® Post®
Temperature (°C) 37.1 37.1 39.1
Heart rate 87 89 123
Respiration 20 22 24
Blood pressure 137/69 107/56 140/69
Oxygen saturation (%) 98 88 94

2 patient experiences chest pain. Nitro spray is given, but it is ineffective. ®, chest pain has resolved. Blood cultures were taken and

tazocin started.

reports of septic transfusion cases from infused PCs still
occur due to bacterial contamination (2-4). Canada like
most nations, has documented fatal transfusion cases due
to bacterially-contaminated PCs (6). Furthermore, from
August 2017 to December 2019, approximately 1 in 1,000
false-negative screening results were obtained during
testing of outdated PCs at Canadian Blood Services (6).
Evidence collected over a decade show that among aerobic
bacterial contaminants isolated, staphylococcal species
are predominant, with Staphylococcus aureus emerging as a
frequent PC contaminant causing transfusion septic cases in
Canada, Ireland, the US, and the UK (1,7-11).

S. aureus possess the tendency to escape detection during
routine PC screening with automated culture methods due
to slow growth and surface aggregates (biofilms) formation
that adhere to platelets and platelet storage containers
(7,12). In 2017, Canadian Blood Services reported a false
negative septic transfusion event involving a platelet pool
that had visible platelet aggregation and was contaminated
with S. aureus (7). Héma-Québec (11), the National Health
Service Blood and Transplant (NHSBT) (10), and the
Centre for Disease Control (9) have documented similar
cases of transfusion reactions involving PCs contaminated
with S. aureus, which was missed during routine PC
screening using automated culture systems. Symptoms
observed in recipients of PCs contaminated with S. aureus
resemble those cases involving Gram negative organisms.
This is likely due to the presence of exotoxins that trigger
septic shock (2,7). Superantigen exotoxins produced by
S. aureus are important virulence factors of this organism
and include the toxic shock syndrome toxin-1 (TSST-1),
staphylococcal enterotoxins (SE) types A to E, G to Q, and
SE-like toxins types R to Y, in addition to superantigen-
like (SSL) toxins (13). Most S. aureus isolates produce these
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toxins, which can be extremely detrimental to recipients
when transmitted through PC infusion (2,7). The severity
of the clinical outcome manifested by transfusion patients
is dependent on the virulence of the S. aureus strain, the
type and concentration of superantigen toxin(s) secreted
into the infused PC, and the patients’ immune status (2,7).
Symptoms and sequelae caused by these toxins range from
mild like fever and/or emesis to severe such as toxic shock
and even death. Superantigen concentrations of less than
0.1 pg/mL can cause fever, shock, and hypotension (14).
This report describes a false-negative septic transfusion
event of an elderly male patient that occurred at a Canadian
hospital, after being infused with a 5-day old bufty
coat platelet pool that was contaminated with S. aureus
producing enterotoxin type G, which has not been reported
before. We present the following case in accordance with
the CARE reporting checklist (available at https://aob.
amegroups.com/article/view/10.21037/aob-21-38/rc).

Case presentation

In September 2020, an elderly male patient suffering
from acute promyelocytic leukemia (APL) was transfused
with an irradiated 5-day old buffy coat platelet pool at a
Canadian hospital as part of the treatment for coagulopathy
likely related to APL. At approximately five minutes into
the transfusion, his heart and respiratory rate increased
and his blood pressure dropped from baseline (Table I);
the transfusion was immediately terminated. Forty minutes
post-transfusion, the patient developed an onset of severe
chest pain, shortness of breath, chills/rigors, nausea/
vomiting, transient hypoxemia, and fever, with changes in
his vital signs as shown in 7able 1. The patient was initially
admitted with febrile neutropenia but was afebrile some
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days prior to the reaction. The patient did not receive any
medication prior to PC transfusion. Following the reaction,
analgesics and nitroglycerine spray were administered.
Once the patient’s chest pain was resolved, blood samples
were taken for microbiological investigation and Tazocin
was administered. A day after the septic reaction, the patient
was afebrile and additional blood products were infused
with no reported reactions. A computed tomography (CT)
chest scan revealed patient improvement; Caspofungin
and Cefazolin were added as supplementary treatment.
PCs are screened for bacterial contamination at Canadian
Blood Services with the automated BACT/ALERT culture
system using a large volume delayed sampling algorithm as
described by Ramirez-Arcos et al. (6). The BACT/ALERT
testing result of the PC implicated in this case, after
7 days of bottle incubation, was negative. All procedures
performed in this study were in accordance with the ethical
standards of the institutional and/or national research
committee(s) and with the Helsinki Declaration (as revised
in 2013). Written informed consent was obtained from the
patient.

Clinical findings

Samples from peripheral blood, peripherally inserted
central catheter (PICC) line, and residual infused PC unit
were analysed at the hospital microbiology laboratory. The
four donors of the implicated platelet pool had donated
between 3 and 122 times before this donation and were
not associated with previous adverse transfusion events.
They also showed no signs of systematic illness at the time
of donation. Patient’s blood and residual PC samples were
cultured at the hospital and all were positive in less than
3.5 hours of incubation in the BACT/ALERT system.
Gram staining of the positive cultures revealed Gram
positive cocci, which were further speciated as S. aureus.

Antibiotic susceptibility testing revealed susceptibility
of both S. aureus isolates (from the patient and PC sample)
to cefazolin and cloxacillin, and resistance to clindamycin.
The remaining transfused PC and associated four red blood
cell (RBC) units were sent to the Canadian Blood Services
Centre for Innovation Microbiology Laboratory (Micro
Lab) for further testing with the BACT/ALERT system as
per standard protocols (15). All four co-component RBC
units tested negative for bacterial contamination; this result
may be due to lack of S. aureus proliferation in RBC units
resulting in sampling error or to self-sterilization in this
blood component.
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Quantification of S. aureus in the residual PC, performed in
the Micro Lab, showed that the unit contained approximately
10’ colony-forming units per millilitre (CFU/mL), a
concentration that is clinically significant (16). The S.
aureus strain isolated from the PC was assigned with
the identification number ATR-20003 as per Canadian
Blood Services standard procedures. Genomic DNA was
extracted from this isolate and assayed for the presence of
21 superantigen enterotoxin genes by polymerase chain
reaction (PCR) performed under the following optimized
conditions: 30 s initial denaturation at 95 °C; 30 cycles of
denaturation (30 s at 95 °C), annealing (1 min at 58 °C),
and extension (1 min at 68 °C); a final extension at 68 °C for
5 mins (16). The primer sets that yielded amplicons are
listed in 7able 2. The results revealed that the genome of
this new isolate encodes for five enterotoxins including
SEs-G, M, N, O and SE-like U (Figure 1). The PCR
amplicons were sequenced and the identity of the five genes
encoding for these enterotoxins was confirmed. Importantly,
enterotoxin SEG was detected by Western blotting in
both, a culture supernatant of S. aureus ATR-20003 and a
sample of the transfused PC (Figure 2). Since this isolate
escaped detection during routine screening, its ability to
form surface attached aggregates known as biofilms was
assessed in PCs. A semi quantitative assay was performed as
previously described (9) with a few modifications. Briefly,
following the establishment of biofilms, the adherent cells
were fixed with methanol (100% v/v) prior to staining with
crystal violet. The results indicate that S. aureus ATR-20003
forms strong biofilms in PCs (Figure 3).

Discussion

Clinical sequelae of infused bacterially-contaminated PCs
are variable and may be acute or delayed. The severity of
the transfusion clinical outcome depends on the virulence
of the S. aureus strain, the type and concentration of toxins
present in the PC, as well as the patience’s immune status
(2,7). Despite implementation of multifaceted safety
protocols, transfusion complications and sepsis are recurrent
due to contamination with bacterial pathogens that can be
missed during PC screening (4-6). Detection rates of PC
testing with automated culture systems depend on the time
between blood collection and PC sampling and the volume
of PC sampled. Since the initial bacteria concentration in
PCs may be very low (<1 CFU/mL), false-negative cultures
at a rate of around 50% can be found even when both
aerobic and anaerobic cultures are used (17). S. aureus is
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Table 2 Primer sets used for detection of the amplified SE and SE-like genes in S. aureus ATR-20003 isolate

Gene Primers Oligonucleotide sequence (5' to 3') Size of amplified product (bp)

seg SEG-F GAATGCTCAACCCGATCCTAA 491
SEG-R GCCAGTGTCTTGCTTTGTAATC

sem SEM-F TTCGACAGTAACAGCTGAATTT 440
SEM-R GCCCTGTTCCTGTATCAAATAA

sen SEN-F CGTGGCAATTAGACGAGTCA 524
SEN-R AAACTCTGCTCCCACTGAAC

seo SEO-F GTCAAGTGTAGACCCTATTGC 364
SEO-R ATCCTTATACACAGCTACTCCT

selu SEIU-F GGCAATCCTAGACCAGAACAA 627
SEIU-F TTCACCAGATTCAGGCATCAT

SE, staphylococcal enterotoxin.

Figure 1 Staphylococcal superantigen enterotoxin genes
detected from S. aureus ATR-20003. The enterotoxin genes
were detected by polymerase chain reaction (PCR). G, M, N,
and O: staphylococcal enterotoxin type G (SEG), M (SEM), N
(SEN) and O (SEO). U: staphylococcal enterotoxin-like type U
(SE-like U).

notable for producing toxins as one of its vital virulence
determinants, and if present in PCs, these toxins can
cause septic reactions, as previously reported (2,7). To our
knowledge, this is the first report describing the presence
of S. aureus superantigen toxin SEG in PCs involved in a
septic transfusion reaction.

Superantigen exotoxins are important virulence factors
produced by S. aureus; concentrations of less than 0.1 pg/mL
are sufficient to cause fever, shock, and hypotension (14).
Molecular analyses of superantigen production by S. aureus
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Figure 2 Staphylococcal enterotoxin type G (SEG) production
by S. aureus ATR-20003. Western blot showing detection of SEG
produced by positive control S. aureus AT'CC 25923 (AT'CC) and
by S. aureus ATR-20003 (ATR) grown in trypticase soy broth (T'SB).
SEG was also detected in a residual sample of the PC involved in
the transfusion event (PC). M: protein ladder.

ATR-20003 and superantigen presence in the PC revealed
that this isolate has the potential to produce five enterotoxins
(SEs-G, M, N, O and SE-like U). These superantigens,
which form the majority of the enterotoxin gene cluster
(ege) gene repertoire, are prevalent in both community and
clinical toxin-producing S. aureus isolates (18).

Although ege enterotoxins have not been associated
with mortality in patients suffering from staphylococcal
bacteremia, SEs-G, M, N and O are reported to elicit
emetic responses (19). Earlier research suggests SEG
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Figure 3 Biofilm forming potential of S. zureus ATR-20003.
Biofilm formation of the ATR-20003 strain was compared in
media consisting of tryptic soy broth supplemented with 0.5%
glucose (Media), and platelet concentrates (PC). Biofilm formation
in media was assessed at 24 hours following incubation at 37 °C,
while biofilm formation in PC was assessed at 7 days under
standard PC storage conditions (room temperature, agitation).
The ATCC 25923 strain was used as a positive control for biofilm

formation.

involvement in toxic shock syndrome and in staphylococcal
scarlet fever (20). Detection of the SEG toxin in both the
supernatant from S. aureus ATR-20003 cultures, and the
transfused PC, could explain the sharp rise in temperature
and rigorous reaction experienced by the patient described
in this case. A limitation of the investigation of this case
was the lack of other antibodies that could be used to
detect enterotoxins other than SEG. Multiple enterotoxin
production by this organism is anticipated since its genome
has genes that encode for five different enterotoxins.

Biofilm formation and slow growth dynamics displayed
by S. aureus and other bacteria grown in PCs are associated
with missed detection during screening with culture
methods resulting in incidences of septic transfusion
events (7,12). The false-negative BACT/ALERT result
substantiates the increasing incidence of missed detection
of S. aureus during PC screening with severe clinical
consequences. As S. gureus can secrete enterotoxins into
PCs, they could serve as biomarkers to anticipate clinical
outcome of PC recipients, and therefore be part of essential
testing during investigations of transfusion reactions
involving S. aureus.

The transfusion physician communicated with the
patient after the transfusion event and he did not disclose
unconformities with the treatment received, and provided
consent for the publication of this case report.
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