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a b s t r a c t

Immunological assays are valuable diagnostic tools to detect infections due to most of bacterial micro-
organisms. However, the question is how much safe are the common serum samples used as sources of
antibodies in these assays? Here, we experimentally followed the issue. 10-fold serial dilutions of two
Gram-positive, Staphylococcus aureus and Bacillus cereus, and one Gram-negative bacteria, Escherichia
coli, were prepared and spiked into freshly taken blood samples of human and four animal species
including sheep, goat, cattle, and horse. After blood clotting, serum samples were examined by colony
count method before and after a centrifugation step followed by an observation with a scanning electron
microscope. No bacteria grew from both centrifuged and non-centrifuged serum samples contained at
least 7.5 � 102, 7.5 � 105, and 7.5 � 105 CFU/ml of S. aureus, B. cereus, and E. coli, respectively. Moreover,
routine centrifugation criteria did not show any significant effect on decrease of bacterial cells in sera.
The results suggest that we can handle serum samples of apparently healthy humans and animal species
without deep concern for possibility of transmission of infectious bacterial agents. However, this sup-
position should not completely be excluded.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Every laboratory has a limited authority to work with distinct
biologically dangerous infectious agents which is determined by its
biosafety level [1]. This does not necessarily mean that diagnostic
or research laboratories cannot carry out diagnostic serological
experiments, as these assays are useful methods for characteriza-
tion and identification of various infections caused by infectious
agents including bacteria, viruses, parasites, etc. However, it should
be considered that some serum samples belong to cases of
bacteremia, either common cases or immunocompromised pa-
tients [2e5] and it has been shown that there are different infec-
tious bacterial species which can cause such a fatal bacteremia or
septicemia [6e10]. Thus, it should experimentally be examined if
serum samples are potential sources of infectious bacterial agents
or not, in particular, for those bacteria with zoonotic importance.
com, mahmoodi_pezhman@
This includes two types of prepared serum samples, those which
are normally prepared by simple blood clotting without centrifu-
gation and those which are procedurally prepared by blood clotting
followed by centrifugation as recommended [11]. Therefore, the
present study was conducted to find out whether infectious bac-
terial cells are present in serum samples or not. Because, handling
of such serum samples may lead to the transmission of infectious
organisms to laboratory operators.
2. Materials and methods

2.1. Bacterial cells

Two Gram-positive bacteria, Staphylococcus aureus ATCC 6538
and Bacillus cereus ATCC 11778, and one Gram-negative bacterium,
Escherichia coli ATCC 35218 were used in the present experiment.
These strains were chosen based on the fact that they have different
physico-chemical characteristics and bloodstream infections due to
these bacteria have been previously described [5e8]. S. aureus
(coccus) and B. cereus (rod) are bacteriawith an average diameter of
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0.8e1 mm and 1 � 3e5 mm, respectively and E. coli is a medium-
sized rod with a diameter of 0.4e0.6 � 2e3 mm [12].

2.2. Bacterial suspensions

A 0.5 McFarland standard (~1.5 � 108 CFU/ml) bacterial cell
suspension of each of the bacterial species was prepared in phos-
phate buffered saline (PBS) from an overnight (18 h) nutrient broth
culture as a stock solution. Afterward, 10-fold serial dilutions of
bacterial suspensions were prepared in PBS from each of the stock
solutions and used to spike freshly taken blood samples. All of the
solutions were prepared in the same day of blood collection.

2.3. Collecting of serum samples

After blood sampling from human and four animal species
including sheep, goat, cattle, and horse, 500 ml of each of the freshly
taken whole blood samples was immediately added to a microtube
contained the same volume of each of the bacterial dilutions and
mixed gently by inverting several times. The microtubes were then
incubated at 37 �C for about 1.5e2 h to allow blood clotting.

2.4. Counting of bacterial cells

50 ml of each of the collected serum samples (non-centrifuged
serum samples) was examined in duplicate using colony count
method. Thereafter, the microtubes were centrifuged at 1500 � g
for 10 min and once again, 50 ml of each of these serum samples
(centrifuged serum samples) were cultured in duplicate on sheep
blood agar to investigate the effect of centrifugation on the number
of present bacterial cells in the sera. Finally, the mean number of
grown colonies was measured as CFU/ml. A serum sample was also
collected from each of the stock blood samples as a negative control
Fig. 1. Log mean number of grown colonies from cultured serum samples spiked with serial
serum samples).
and examined to see if the blood samples had been already infected
with bacteria.

2.5. Scanning electron microscope (SEM)

To confirm entrapment of bacterial cells in fibrin networks, a
corresponding sample of each of the tested bacterial species was
prepared and observed under a scanning electron microscope.
Briefly, the clot samples were fixed in 2.5% buffered glutaraldehyde
followed by dehydration in graded ethanol. The samples were then
dried at room temperature and glued onto stubs. Finally, the pro-
cessed samples were sputter-coated with gold and examined in a
JEOL JSM-840 scanning electron microscope operating at an
accelerating voltage of 15 kV.

2.6. Statistical analysis

According to the initial concentration of the bacterial stock so-
lutions (~1.5 � 108 CFU/ml), paired-samples T test was performed
to test the significance of differences between measured log CFU
values of various dilutions before and after clot formation for each
examined samples using a SPSS software (version 16.0). To
accomplish the statistical test, the number of grown colonies for
sera with no growth assumed to be 1 CFU/ml. The comparison was
also done for centrifuged and non-centrifuged sera.

3. Results

The mean number of colonies which grew from various serum
samples was different for each bacterial species and statistical
analysis showed that there were significant differences between
measured log CFU values for differentially spiked bacteria before
and after clot formation (P < 0.01). Considering the minimum
dilutions of bacteria (serial dilutions: 10�1 to 10�7, NC: non-centrifuged, C: centrifuged
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dilution fromwhich no bacteria grew, it seems that the most fibrin-
entrapped bacteria were E. coli cells, while the most bacterial cells
which fled from fibrin networks were S. aureus cells. However, size
of the latter species is smaller than E. coli cells. Besides, no bacteria
grew from serum samples which had not been spiked with bacte-
rial cells (negative controls).

Fig. 1 shows log CFU/ml values for different bacterial cells in
various species. No significant difference (P > 0.05) was observed
between the numbers of grown bacterial colonies from centrifuged
and non-centrifuged serum samples.

Totally, as 500 ml of each of the bacterial dilutions had been
mixed with 500 ml of blood samples, the maximum concentrations
from which no bacteria grew, contained at least ~7.5 � 102 (¼
~1.5 � 108 � 10�5/2), 7.5 � 105, and 7.5 � 105 CFU/ml for S. aureus,
B. cereus and E. coli, respectively. This for example means that even
7.5 � 105 E. coli bacterial cells per 1 ml of blood could be precipi-
tated by the process of clot formation. The minimum dilution for
each bacterial suspension from which no bacteria grew are pre-
sented in Table 1.

Meanwhile, to provide supporting evidences to indicate
entrapped bacteria during clot formation, clot samples were also
inspected using a SEM. Such tangled bacterial cells are illustrated in
Table 1
The minimum dilution for each of the bacterial suspensions fromwhich no bacteria
grew.

Blood S. aureus B. cereus E. coli

Human 10e3 10e2 10e1

Sheep 10e5 10e2 10e1

Goat 10e4 10e1 10e1

Cattle 10e5 10e2 10e2

Horse 10e5 10e2 10e1

Fig. 2. Entrapped bacterial cells (arrow heads) of three different species (A: S. aureus, B: B. ce
clot samples were prepared from a human blood sample which had been separately spiked
the Fig. 2. As shown, the spiked bacterial cells were well entrapped
in fibrin networks while surrounded by some RBCs and other blood
components.

4. Discussion

Serological and bacteriological laboratories usually perform
common serological assays to diagnose bacterial infections using
serum samples of suspected human and animal hosts. It is abso-
lutely important to know howmuch safe such samples are. This can
be expected that phagocytosed bacterial cells will be precipitated
during clot formation. However, the story may be different for
bacterial cells freely circulating in the blood stream. Escaping of
these bacterial cells from fibrin-mediated physical entrapment and
their presence in the serum samples may result in possible trans-
mission to laboratory operators through serum handling. In the
present study, it was shown that the process of blood clot formation
could effectively remove bacterial cells of different sizes (at least
7.5 � 102 CFU/ml) from non-centrifuged sera independent to bac-
terial and host species. In spite of the fact that E. coli cells are almost
smaller than bacilli; themost precipitated bacterium in this process
was E. coli for all types of the tested bloods. Indeed, only 20 CFU/ml
grew from a cattle serum sample spikedwith 10�1 dilution of E. coli.
This could likely be due to the different cell wall properties of this
Gram-negative bacterium indicating that the size of the bacterial
cells may not be the only factor responsible for the precipitation of
bacteria by fibrin networks. Meanwhile, possible reaction of anti-
bacterial antibodies which may be present in the serum samples
should also be considered. However, as a control, the bacterial
suspensions were also spiked into the collected serum samples and
incubated for the same time (equal time for clotting) to investigate
any anti-bacterial activity of the sera. The results were completely
different and too many colonies grew from serum samples in this
reus, C: E. coli, and D: negative control contained no bacteria) in the fibrin networks. All
with the prepared 0.5 McFarland solutions of the bacteria.
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case (data not shown). Moreover, despite that S. aureus was the
smallest tested bacterium, the maximum number of grown col-
onies belonged to it, whereas, a similar reaction was not observed
for the other two bacterial species indicating diverse reactivity
between the serum samples and bacterial species. Meanwhile,
there were no significant differences (P > 0.05) between the
centrifuged and non-centrifuged serum samples in the number of
grown bacterial colonies (Fig. 1) suggesting that common centri-
fugation criteria may only be effective to obtain a more clear serum
sample free from debris and clots. It should be noticed that
generally, the number of bacterial cells in the serum samples from
which no bacteria grew, still seems to be higher than the usual
viable colony count expecting from a conventional blood culture of
a case with bacteremia [13]. Nevertheless, growth of bacterial col-
onies from the blood samples spiked with high concentrations of
bacteria suggests that there is still a chance of presence of bacterial
cells in serum samples taken from peracute and acute septicemic
cases and precautions should be considered for working with them.
For instance, it was reported that the number of Bacillus anthracis
cells in a susceptible animal's blood approaches death may be as
many as 109 CFU/ml (depending on the species), which is higher
than the maximum concentration of tested bacteria in the present
experiment, and this will increase the probability of presence of
bacterial cells in a serum sample collected from such an animal [14].
Totally, it appears that several factors including number, shape, and
size of bacterial cells, tendency for aggregation and clump forma-
tion, and physico-chemical properties of the bacterial cell walls
may likely contribute to the possibility of presence of bacterial cells
in serum samples. However their different potential roles should be
investigated.

5. Conclusions

The results of the present study suggest that as the numbers of
the examined bacterial cells seem to be higher than viable colony
count expecting from blood cultures of most usual cases of
bacteremia or septicemia, we can handle normal serum samples of
apparently healthy humans and animal species without deep
concern for possibility of transmission of infectious bacterial
agents. However, as there were also grown bacterial colonies from
samples contained high concentrations of bacterial cells; this
assumption should not completely be excluded. Knowing this is
very important, especially when there is possibility of presence of
zoonotic infectious bacterial agents in serum samples.

Conflict of interest statement

Authors declare that there is no conflict of interest.

Acknowledgements

We thank Iraj Badri and Mostafa Rezaei who helped us in col-
lecting blood samples. This project was funded by research grants
(No 95-203) from Bu-Ali Sina University, Hamedan, Iran.

References

[1] L.C. Chosewood, D.E. Wilson, Biosafety in Microbiological and Biomedical
Laboratories, fifth ed., Department of Health and Human Services, U.S, 2009,
pp. 24e27.

[2] A.S. Ginsburg, L.G. Salazar, L.D. True, M.L. Disis, Fatal Bacillus cereus sepsis
following resolving neutropenic enterocolitis during the treatment of acute
leukemia, Am. J. Hematol. 72 (2003) 204e208.

[3] L.C. Thuler, E. Velasco, C.A. de Souza Martins, L.M. de Faria, N.P. da Fonseca,
L.M. Dias, V.M. Gonçalves, An outbreak of Bacillus species in a cancer hospital,
Infect. Control Hosp. Epidemiol. 19 (1998) 856e858.

[4] S.H. Zinner, Changing epidemiology of infections in patients with neutropenia
and cancer: emphasis on Gram-positive and resistant bacteria, Clin. Infect. Dis.
29 (1999) 490e494.

[5] M.O. Musa, M. Al Douri, S. Khan, T. Shafi, A. Al Humaidh, A.M. Al Rasheed,
Fulminant septicaemic syndrome of Bacillus cereus: three case reports,
J. Infect. 39 (1999) 154e156.

[6] G.R. Corey, Staphylococcus aureus bloodstream infections: definitions and
treatment, Clin. Infect. Dis. 48 (2009) S254eS259.

[7] C.K. Naber, Staphylococcus aureus bacteremia: epidemiology, pathophysiology,
and management strategies, Clin. Infect. Dis. 48 (2009) 231e237.

[8] L. Decembrino, M. De Amici, M. Pozzi, A. De Silvestri, M. Stronati, Serum
calprotectin: a potential biomarker for neonatal sepsis, J. Immunol. Res.
(2015). Article ID 147973, http://dx.doi.org/10.1155/2015/147973.

[9] B.G. Mantur, M.S. Mulimani, L.H. Bidari, A.S. Akki, N.V. Tikare, Bacteremia is as
unpredictable as clinical manifestations in human brucellosis, Int. J. Infect. Dis.
12 (2008) 303e307.

[10] Y. Ning, R. Hu, G. Yao, S. Bo, Time to positivity of blood culture and its
prognostic value in bloodstream infection, Eur. J. Clin. Microbiol. Infect. Dis. 35
(2016) 619e624, http://dx.doi.org/10.1007/s10096-016-2580-5.

[11] E. Harlow, D. Lane, Antibodies: a Laboratory Manual, Cold Spring Harbor
Laboratory, 1988, p. 119.

[12] B.K. Markey, F.C. Leonard, M. Archambault, A. Cullinane, D. Maguire, Clinical
Veterinary Microbiology, second ed., Elsevier, Mosby, 2013, p. 105, 199, 239.

[13] P.M. Tille, Bailey and Scott's Diagnostic Microbiology, thirteenth ed., Elsevier,
Mosby, 2014, p. 867.

[14] P.C.B. Turnbull, Medical Microbiology (Chapter 15), fourth ed., University of
Texas Medical Branch at Galveston, Galveston (TX), 1996, http://www.ncbi.
nlm.nih.gov/books/NBK7699/.

http://refhub.elsevier.com/S0882-4010(16)30098-5/sref1
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref1
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref1
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref1
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref2
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref2
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref2
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref2
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref3
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref3
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref3
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref3
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref4
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref4
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref4
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref4
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref5
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref5
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref5
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref5
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref6
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref6
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref6
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref7
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref7
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref7
http://dx.doi.org/10.1155/2015/147973
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref9
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref9
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref9
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref9
http://dx.doi.org/10.1007/s10096-016-2580-5
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref11
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref11
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref12
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref12
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref13
http://refhub.elsevier.com/S0882-4010(16)30098-5/sref13
http://www.ncbi.nlm.nih.gov/books/NBK7699/
http://www.ncbi.nlm.nih.gov/books/NBK7699/

	Should we care about transmission of infectious bacterial agents through serum handling?
	1. Introduction
	2. Materials and methods
	2.1. Bacterial cells
	2.2. Bacterial suspensions
	2.3. Collecting of serum samples
	2.4. Counting of bacterial cells
	2.5. Scanning electron microscope (SEM)
	2.6. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusions
	Conflict of interest statement
	Acknowledgements
	References


