@° PLOS | ONE

Check for
updates

E OPENACCESS

Citation: Mauriello G, De Prisco A, Di Prisco G, La
Storia A, Gaprio E (2017) Microbial characterization
of bee pollen from the Vesuvius area collected by
using three different traps. PLoS ONE 12(9):
€0183208. https://doi.org/10.1371/journal.
pone.0183208

Editor: Massimiliano Galdiero, Seconda Universita
degli Studi di Napoli, ITALY

Received: August 31,2016
Accepted: July 20, 2017
Published: September 21, 2017

Copyright: © 2017 Mauriello et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: Sequencing data
were deposited in the GeneBank database of the
NCBI (accession numbers are reported in Table 5).

Funding: The authors received no specific funding
for this work.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

Microbial characterization of bee pollen from
the Vesuvius area collected by using three
different traps

Gianluigi Mauriello*, Annachiara De Prisco, Gennaro Di Prisco, Antonietta La Storia,
Emilio Caprio

Department of Agricultural Sciences, University of Naples Federico II, Portici, Italy

* giamauri @unina.it

Abstract

Flower pollen is collected by honeybee foragers, adhered on their rear legs and transported
into the hives in the form of pellets. Once in the hives, bee pollen is moisturised with nectar
and bee mouth secretions and due to enzymatically modifications it becomes the so-called
bee-bread, the protein reservoir of young bees. Bee pollen can be artificially removed from
bee legs and collected by using specific systems, the bee pollen traps. Bee pollen is com-
mercialized for human consumption as fresh product and after freezing or drying. Although
bee pollen is nowadays largely consumed in developed countries, as food or food supple-
ment according to local legislation, little is known on its safety related to microbiological haz-
ards. In this work, we aimed to characterize for the first time the microbiological profile of
Italian bee pollen in fresh, frozen and dried form collected along an entire harvesting season.
Moreover, monthly microbiological analyses were performed on frozen (storage at -18°C)
and dried (storage at room temperature) bee pollen over a 4 months period. Further aim of
this work was the evaluation of the possible impact on production level of three different
traps used for pollen collection. Our results on microbial contamination of fresh and frozen
bee pollen show that a more comprehensive microbiological risk assessment of bee pollen
is required. On the other side, dried pollen showed very low microbial contamination and no
pathogen survived after the drying process and during storage.

Introduction

Nutrition plays an essential role in the health and growth of honeybee (Apis mellifera L.) colo-
nies. Flower nectar and pollen provide nutrients for bees, being the former source of energy
and the latter of aminoacids and vitamins. Pollen is collected from flowers and moistened by
bees with nectar and mouth secretions, becoming “bee pollen”, to be accumulated on curbicula
of bee rear legs and transported into the hives [1, 2]. Bee pollen is stored in honeycomb where
the lactic acid fermentation occurs [3]. This kind of pollen is called "bee bread".

Nowadays, bee pollen is considered a human functional food [4] and it is a growing busi-
ness for the beekeeping industry. Different types of pollen traps have been designed from the
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basic concept of scraping pollen off the bees’ legs as they are forced to enter the hive passing
through a grid with holes of specific size. Pollen falls in a tray, located under the trap, covered
with mesh to prevent retrieval of pollen by the bees [5]. A lot of works describe the chemical
composition of bee pollen of different plants and geographical origin [6-9]. Instead, little
attention was dedicated to the microbial contamination of bee pollen and to microbiological
risks related to its human consumption [10-15]. Furthermore, the availability of microbiogical
data is restricted to few countries (e.g. Brazil, Spain, Slovakia). Interestingly, the European
Food Safety Authority published a Scientific Report on the risk assessment of multiple stress-
ors on bees, including among stressors the microbial contamination of bee bread [16].

In our opinion, due to the important impact that bee pollen is gaining in the field of human
nutrition, an assessment of microbiological aspects in many word areas as well as establishing
of guidelines for microbiological standards is of a paramount importance for the assurance of
human safety. Bee pollen is mostly commercialized and consumed after being dried to guaran-
tee long-term stability and safety. However, drying treatments, especially when carried out
over 40-50°C could affect pollen organoleptic features and polyphenols and flavonoids content
[17, 18]. Freezing of bee pollen might be an alternative way to preserve its organoleptic proper-
ties and nutritional content, obviously depending on the quality of the initial fresh pollen.

Aim of this work was to elucidate the possible microbiological hazards of bee pollen, that is
the first step of a comprehensive risk assessment for this unconventional food product.

Materials and methods
Apiary setup

Fifteen honeybee colonies, with queen of the same age, comparable in terms of brood, adult
abundance and food storage, were selected for the experiments. The experimental colonies
were maintained, following the standard beekeeping techniques, in the Vesuvius area (Campa-
nia Region, Italy GPS coordinate lat 40.7946303 long 14.39335010000002) from May to July,
covering the entire pollen production time. The study was carried out on a private land and the
owner gave his permission to conduct the study on this site. The apiary is registered at the
National Registry Office Beekeeping of Ministry of Health with the n. 049NA899. Three differ-
ent bee pollen traps were used: Front Trap (FT), Wall Trap (WT) and Bottom Trap (BT). Pic-
ture and description of each system is reported in Fig 1. Five different colonies were maintained
for each type of trap. Furthermore, meteorological data (average temperature, relative humidity
and precipitation level) summarized in the graph in Fig 2 were obtained from the official data-
base of “Regional Agro-meteorological Center”, choosing the closest meteorological station.

Sampling of bee pollen

Bee pollen from each hive was weekly collected during a period of about 2 months (from mid-
May to mid-July), for a total of 9 sampling (Fig 2) and rapidly transported in refrigerated con-
ditions. Traps remained mounted on the hives only three days per week to affect less possible
honey production. At each sampling time an aliquot of 50 g of bee pollen was collected from
each hive. Portable Bunsen burner and sterile equipment were used to avoid microbial con-
tamination during sampling procedures. Aliquots from hives mounting the same type of trap
were bulked and, within 24 h at refrigerated temperature, analysed in triplicate as fresh bee
pollen. The pollen yield for each type of trap was evaluated by weighting.

At the starting, intermediate and end time of harvesting season, corresponding to the 1%,
4™ and 9" week of collection, dried (40°C for 16 h) and frozen (-18°C) samples of pollen were
prepared from fresh bee pollen. Dried and frozen samples were stored for four months at
room temperature (22+2°C) and -18°C, respectively, and monthly analysed for microbial load.
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Fig 1. Description and representation of pollen trap systems used in this study. (A) Front trap—FT: this
is a small trap that is fastened to the front of a hive with the use of two small hooks and covering the existing
entrance. The bees enter into the hive by walking on a metallic mesh that connects the pollen trap to the
landing board of the hive. Round shaped holes of the trap strip pollen from bees with minimum damage.
Pollen accumulates in a side opening drawer (not showed in the picture). They have the advantage of being
easily removed, although their storage capacity is far lower than bottom and wall traps. (B) Wall trap—WT: it is
a modified front trap. For its correct positioning it is necessary to apply a change to the natural flight opening of
the hive: the latter is occluded with a metal sheet and replaced with three holes created especially in the area
immediately above having a diameter of about 5 centimeters. On the new flight opening that is positioned at 2/
3 of the beehive the trap will be then applied (for this reason is also called high trap). WT can be mounted on
all type of hive and permits that pollen is recovered cleaner and less humid. (C) Bottom trap—BT: this trap is
fixed on the bottom of the hive that need to be modified. Bees pass through a series of mesh screens, that
remove the pollen from their rear legs. The pollen drops down through the screens into pollen drawer and can
be harvested without opening the hive. This pollen trap can virtually occupy all the area of hive to promote
good ventilation for dry pollen. The trap can be removed easily when not needed.

https://doi.org/10.1371/journal.pone.0183208.9001

100 20

W Precipitation —&—Temperature —O—Humidity

40 -8

Temperature (°C)
Relative Humidity (%)
Precipitation (mm/day)

30 A -6

RN SV N B

0 IIIIIIIIIIII.IIIIIIIIIIIIIIII.III.II.IIIIIIIIIIIIIIII -0

t t t t t t t t t
1 st 2nd 3l‘d 41]1 5[]1 6th 71]1 8th 9th
Days and sampling times

Fig 2. Meteorological data. Data were registered during the pollen collection period by the closest meteorological station of the
“Regional Agro-meteorological Center”.

https://doi.org/10.1371/journal.pone.0183208.g002
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Culture-dependent microbiological analysis of bee pollen

Fresh, dried and frozen pollen samples were investigated for the following microbiological
parameters: mesophilic total viable count (MTVC), yeast and moulds (YM), lactic acid bacteria
(LAB), Enterobacteriaceae, Clostridium perfringens, Bacillus cereus, Escherichia coli, Staphylo-
coccus aureus, Salmonella and Listeria monocytogenes. According to the ISO 6887-6, 10 g of
each bee pollen sample were decimally serially diluted in quarter strength Ringer solution
(Oxoid) and used for MTVC, YM, LAB and Enterobacteriaceae analysis. MTVC was per-
formed on Standard Plate Count Agar (PCA, Oxoid) at 30°C for 24 h. YM were counted at
22°C for 48 h on Yeast Extract Peptone Dextrose Agar (YPD Agar, Sigma-Aldrich) added of
200 mg/1 of chloramphenicol (Sigma-Aldrich) after sterilization. LAB were cultured in de Man
Rogosa Sharp (MRS Agar, OXOID) plates incubated at 37°C in anaerobic condition for 48 h.
Enterobacteriaceae were counted on Violet Red Bile Glucose Agar (VRBGA, Oxoid) at 32°C
for 24-48 h. For detection of B. cereus, E. coli and S. aureus, bee pollen samples were five fold
serially diluted in quarter strength Ringer solution. B. cereus was counted at 37°C for 24-48 h
on Bacillus cereus Selective Agar Base (Oxoid) supplemented after sterilization with 100,000
IU/1 of Polymixin B (Oxoid) and 50 ml/l of Egg Yolk Emulsion (Oxoid). Dilutions of samples
were treated before inoculum at 80°C for 10 min in water bath to destroy vegetative cells. E.
coli was counted on Tryptone Bile X-Glucoronide Medium (TBX Agar, Oxoid) at 37°C for 48
h according to the ISO 16649-2. Baird Parker Agar Base (Oxoid) supplemented with 50 ml/1 of
Egg Yolk Tellurite Emulsion (Oxoid) and incubated at 37°C for 24-48 h was used for detection
of S. aureus colonies. Presence of Salmonella was ascertained according to the ISO 6579.
Briefly, 25 g of each sample were diluted in 225 ml of Buffered Peptone Water (Oxoid) and
incubated for pre-enrichment at 37°C for 20 h. After this period an aliquot of 0.1 ml was trans-
ferred in 10 ml of Rappaport-Vassiliadis Broth (Oxoid) and incubated at 37°C for 24-48 h.
Finally, 0.1 ml of culture was spread plated on Xylose Lysine Desoxycholate Agar (X.L.D.
Agar, Oxoid). C. perfrigens was detected by diluting 25 g of sample in 225 ml of Buffered Pep-
tone Water (Oxoid) and incubated for pre-enrichment at 37°C for 24 h. Culture was decimally
serially diluted in Buffered Peptone Water and 0.1 ml of each dilution was spread plated on
Perfrigens Agar Base (Oxoid) added with 12 ml/] of Perfringens Supplement (SFP) and 50 ml/1
of Egg Yolk Emulsion (Oxoid) after sterilization at 37°C for 24 h in anaerobic condition. For
detection of L. monocytogenes 25 g of each sample were diluted in 225 ml of Listeria Enrich-
ment Broth added of Listeria Selective Enrichment Supplement (Oxoid) and incubated at
30°C. After 1, 2 and 7 days of incubation undiluted aliquots of 0.1 ml and aliquots diluted 1:10
(v/v) in 0.5% potassium hydroxide were spread plated on Listeria Selective Agar, Oxford for-
mulation (Oxoid) added of the appropriate Listeria Selective Supplement (Oxoid) and aerobi-
cally incubated at 37°C for 24-48 h.

Some typical colonies from all growing media, with exclusion of PCA, YPD and VRBGA,
were streaked on Tryptone Soy Broth (TSB, Oxoid) supplemented with 5 g/ of Yeast Extract
(Oxoid) and 15 g/l of agar (Agar n° 1, Oxoid) and incubated at optimal growth conditions.
Resulting cultures were characterised on the base of cell morphology, Gram reaction, catalase
and oxidase test. Some cultures responding to typical characteristics of each presumptive spe-
cies were randomly picked and stored at -18°C in glycerol for further investigations.

Identification at species level of isolates from bee pollen

Bacterial cultures isolated as above described were identified by 16S rDNA sequencing. DNA
extraction was carried out from a single colony by using an InstaGene Matrix (Bio-Rad Labo-
ratories, Hercules, CA) following the conditions described by the supplier. About 25 ng of
DNA were used for PCR amplification. Synthetic oligonucleotide primers described by
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Weisburg et al. [19] fD1 (5'-AGAGTTTGATCCTGGCTCAG-3') and rD1 (5'-AAGGAGGTG
ATCCAGCC-3') (E. coli positions 8-17 and 15401524, respectively) were used to amplify the
16S rDNA. PCR mixture was prepared as previously reported [20]. PCR conditions consisted
of 30 cycles (1 min at 94°C, 45 sec at 54°C, 2 min at 72°C) plus one additional cycle at 72°C for
7 min as a final chain elongation. The presence of amplicons was verified by agarose (1.5% w/
v) gel electrophoresis, at 100 V for 2 h, and bands purified by using a QIAquick gel extraction
kit (Qiagen S.p.A., Milan). The DNA sequence was determined by the dideoxy chain termina-
tion method by using the primer fD1 [19]. DNA sequence alignment was performed using the
National Center for Biotechnology Information (NCBI) online GenBank tools [21]. Sequenc-
ing data were deposited in the GeneBank database of the NCBL.

High Throughput Sequencing

Fresh bee pollen samples collected at 1** sampling time from FT, WT and BT were suspended
in quarter strength Ringer solution (Oxoid, Milano, Italy) in 1/5 ratio. Microbial DNA extrac-
tion was directly performed from the pellet (12000 g) obtained from 3 ml of the suspension
using the Biostic Bacteremia DNA isolation kit (MoBIO Laboratories, Inc. Carlsbad, CA).
DNA was quantified by using the Nanodrop Instrument (Spectrophotometer ND-1000,
Thermo Fisher Scientific, Milan, Italy) and it was standardized at 60 ng/ul. The microbial
diversity was studied amplifying V1-V3 region of the 16S rRNA gene by using primers and
PCR condition previously described [22]. PCR samples were purified by the Agencourt
AMPure kit (Beckman Coulter, Milan, Italy) and quantified using the Plate Reader (Eppendorf
AF2200). The equimolar amplicon pool of PCR templates was used for pyrosequencing by
Titanium chemistry on a GS Junior platform (454 Life Sciences, Roche, Monza, Italy) accord-
ing to the manufacturer instructions.

Raw reads were first filtered according to the 454 processing pipeline. Sequences were then
analysed and further filtered by using QIIME 1.9.0 software and a pipeline previously
described by De Filippis et al. [23]. Briefly, raw reads were demultiplexed and further filtered
through the split_library.py script of QIIME. To guarantee a higher level of accuracy in terms
of Operational Taxonomic Units (OTUs) detection, the reads were excluded from the analysis
if they had an average quality score of lower than 25, if there were ambiguous base calls, if
there were primer mismatches and if they were shorter than 300 bp. OTUs defined by a 97% of
similarity were picked against the Greengenes database 16S rRNA gene [24]. Any remaining
sequences that were of chloroplast or mitochondrial origin were removed.

All of the sequencing data were deposited in the Sequence Read Archive of the NCBI
(accession number SRP077038).

Data analysis

To ascertain statistical differences among the observations a one-way Anova was performed by
using Stata v.13 for Mac OSX v.10.10.3.

Results and discussion
Pollen production

Trend of bee pollen production during the 9 weeks period is reported in Fig 3. The quantity of
pollen collected during the whole period was 13.0, 15.8 and 12.5 Kg for FT, WT and BT,
respectively. Therefore, FT and BT gave a reduced yield of about 20% with respect to WT.
However, the graph shows a similar trend for all traps used, with the maximum yield at 4th
sampling point followed by the yields at 5th and 6th sampling point. Noteworthy, about 50%
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Fig 3. Trends of bee pollen production through 9 weeks for each trap system.

https://doi.org/10.1371/journal.pone.0183208.9003

of entire bee pollen production was registered within these 3 weeks. Interestingly, increase of
production was registered just after a raining period. It could be related to the low activity of
forager bees during raining days and to the consequent their increased activity to recover the
pollen supply.

Results of culture-dependent microbiological analysis on fresh, frozen
and dried bee pollen

Fresh bee pollen. We took into account both qualitative (MTVC, YM, LAB, Enterobacter-
iaceae, and E. coli) and safety parameters (CI. perfringens, B. cereus, S. aureus, Salmonella and L.

monocytogenes). Trends of bacterial load for the qualitative parameters are depicted in the Figs
4-6. Moreover, in the Fig 7 is represented a box plot with the total data set registered during
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Fig 4. Trends of microbial loads of qualitative parameters in fresh bee pollen collected from hives

mounting the front trap. MTVC: mesophilic total viable count; YM: yeast and moulds; LAB: lactic acid
bacteria.

https://doi.org/10.1371/journal.pone.0183208.g004
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mounting the wall trap. MTVC: mesophilic total viable count; YM: yeast and moulds; LAB: lactic acid
bacteria.

https://doi.org/10.1371/journal.pone.0183208.9005

the 9 weeks period for each microbial group within the different bee pollen traps. Results for
microbiological safety parameters are reported in Table 1.

Our results show that the same microbiological qualitative parameter has a similar trend in
all types of traps, with slight differences in WT, despite results of one-way Anova analysis, per-
formed considering the single sampling point as a replicated sampling, showed no significant
difference (p>>0.05) in bacterial load for each qualitative parameter among the three different
traps (Fig 7).

Generally, the higher contamination level for each bacterial population was found in the
samples collected in the middle period (4™-6™ sampling). As expected, MTVC is the parame-
ter showing higher values in all samples with some exceptions. In fact, higher values than
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Fig 6. Trends of microbial loads of qualitative parameters in fresh bee pollen collected from hives
mounting the bottom trap. MTVC: mesophilic total viable count; YM: yeast and moulds; LAB: lactic acid
bacteria.

https://doi.org/10.1371/journal.pone.0183208.g006
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MTVC were registered i) for LAB at the end of 2" week in all traps and at the end of 5™ week
in WT, ii) for YM at the end of 6™ week in WT. MTVC ranged between about 4.0 and 6.0 log
cycles and trends of all pollen traps showed a peak at 1" and 6™ sampling point. On the con-
trary, lowest bacterial load was registered at 2"¢ sampling for FT and BT and at 7 sampling
for WT. In regard of YM population, only three samples showed absence of colonies, BT at the
end of 2" and 9" week and WT at the end of 8" week, while the maximum value was found at
the end of 6™ week in WT with 7.6 log cycles. Out of these samples, YM contamination ranged
between about 2.5 and 5.5 log cycles with lowest values in the first and last week and higher
values at 5™ and 6™ sampling point. All samples were contaminated by LAB with a bacterial
load ranging between about 4.0 and 6.0 log cycles with the maximum level at 6™ sampling in
all traps. All the samples were contaminated by Enterobacteriaceae, whose concentration ran-
ged between 4 and 5 log cycles in most of the samples, with a rather constant trend. Relevant
contamination by E. coli was registered in several samples; in particular it reached about 4 log
cycles at 6™ sampling for WT. However, in all trap systems E. coli was under detection limit at
7™, 8™ and 9" sampling time. Comparing trends of bacterial loads with trends of meteorologi-
cal parameter it seems that higher level of bacterial loads were especially registered after the
raining period. After that, increasing of about 3-4°C in temperature in last period might be
related to a general reduction of bacterial load.

Results of safety parameters showed that typical colonies of B. cereus and S. aureus were
always isolated in the first 4 sampling times (excepted at 2" sampling time for WT). On the
contrary, in the remaining times only few samples showed the presence of these microorgan-
isms. Furthermore, positive result for CI. perfiringens was registered only in the samples
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Table 1. Evaluation of microbiological safety parameters (cfu/g for B. cereus and S. aureus; presence/absence in 25 g for Cl. perfringens, Salmo-
nellaand Listeria) of fresh bee pollen samples from hives mounting front trap (FT), wall trap (WT) and bottom trap (BT).

Parameter Sampling time
1st 2nd 3rd 4th 5th 6th 7th 8th 9th
FT B. cereus 2.01 4.23 3.98 4.62 u.d.l.? u.d.l. u.d.l. u.d.l. u.d.l.
S. aureus 3.00 0.95 2.08 3.95 u.d.l. 3.2 u.d.l. u.d.l. u.d.l.
Cl. perfringens b - - +° - - - - -
Salmonella + - + - - - - - +
Listeria - - - - - - - - -
WT B. cereus 3.00 4.83 3.04 4.41 u.d.l. u.d.l. u.d.l. u.d.l. u.d.l.
S. aureus 2.02 u.d.l. 2.62 3.57 u.d.l u.d.l. u.d.l. u.d.l. u.d.l.
Cl. perfringens - - - - - - - - -
Salmonella - - + - - - - - -
Listeria - - - - - - - - -
BT B. cereus 2.98 3.18 4.30 4.49 2.65 u.d.l. u.d.l. u.d.l. d.l.
S. aureus 3.78 2.08 2.64 3.08 u.d.l. 3.2 u.d.l u.d.l u.d.l.
Cl. perfringens - - - - - - - - +
Salmonella - - - - - - - - +
Listeria - - - - - - - - -

Values are means of three independent replicates and standard deviation was always less then 1% of mean value.
u.d.l.: under detectable limit of 10 cfu/g.

b_: absent in 25 g of pollen.

°+: present in 25 g of pollen.

https://doi.org/10.1371/journal.pone.0183208.t001

collected at 4™ and 9™ week for FT and BT, respectively. Instead, 5 samples, 3 for FT and 1 for
BT and WT, showed the presence of typical colonies of Salmonella. Finally, typical colonies of
Listeria were never isolated.

According to our results on viable count of MTVC and LAB, it is clear that most of the bac-
terial population of bee pollen is constituted by LAB species. Although few works explored the
microbial population of bee pollen, our findings are in agreement with results reported by
other authors. As a matter of fact, Corby-Harris et al. [25] and Anderson et al. [26] found, by
using a genomic approach, that corbicular bee pollen was mainly contaminated by Lactobacil-
lus species and in particular by Lactobacillus kunkeei. Unexpectedly, other authors who carried
out microbiological analysis of bee pollen were missing to investigate the contamination by
LAB. On the other hand, MTVC and YM are the microbiological parameters taken into
account for the evaluation of general quality of bee pollen, as reported by Estevinho et al. [12],
Feas et al. [13] and Hani et al. [14]. However, only the latter analyzed fresh bee pollen, while
early two analyzed bee pollens after a no fully described drying process. Accordingly, our
results are in agreement with the findings of Hani et al. [14], who reported a contamination
level by MTVC and YM of fresh pollen collected in Algeria ranging from 3.0 (collected by
hand from date palm) to 6.0 (bee pollen) log cycles. Recently, Nardoni et al. [10] investigated
the occurrence of potential toxigenic fungi from fresh bee pollen collected in Central Italy.
They highlighted the potential risk for human health in bee pollen consumption due to the
high contamination level by these moulds. As a matter of fact, Medina et al. [27] demonstrated
that bee pollen is a substrate that stimulates the production of ochratoxin A by Aspergillus
ochraceus. A high contamination of Enterobacteriaceae in fresh bee pollen was confirmed by
the work of Corby-Harris et al. [25], who reported high percentage of OTUs belonging to this
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Table 2. Bacterial load (cfu/g) after 1-4 months of storage at -18°C of samples collected at 1!, 4" and 9" time from hives mounting the front trap.

Week of sampling Microbial parameters Initial load Months of storage at-18°C
1 2 3 4
1st MTVC 5.54 4.48 4.48 4.40 4.30
YM 4.20 3.00 2.93 2.48 2.48
LAB 4.59 4.30 3.30 3.00 2.30
Enterobacteriaceae 4.08 4.00 3.89 3.00 3.00
Bacillus cereus 2.01 1.00 1.00 u.d.l u.d.l.
Staphylococcus aureus 3.00 2.75 2.18 u.d.l u.d.l.
Escherichia coli u.d.l.? u.d.l u.d.l. u.d.l u.d.l
Salmonella spp. +° - - - -
Clostridium perfringens - - - - -
4th MTVC 5.43 5.24 5.48 5.48 5.2
YM 3.15 3.12 3.48 3.48 3.00
LAB 4.48 4.85 4.48 4.48 2.88
Enterobacteriaceae 5.23 5.51 5.60 3.26 2.30
Bacillus cereus 4.62 3.28 3.00 u.d.l. u.d.l.
Staphylococcus aureus 3.95 2.51 u.d.l u.d.l u.d.l
Escherichia coli 3.61 2.95 u.d.l. u.d.l u.d.l.
Salmonella spp. - - - - -
Clostridium perfringens + + - - -
9th MTVC 5.90 5.00 5.08 5.48 5.60
YM 2.60 3.54 3.00 4.88 4.79
LAB 4.70 4.20 4.30 3.28 3.20
Enterobacteriaceae 5.00 4.70 4.30 4.30 4.30
Bacillus cereus u.d.l u.d.l. u.d.l. u.d.l. u.d.l.
Staphylococcus aureus u.d.l. 3.00 u.d.l. u.d.l. u.d.l.
Escherichia coli u.d.l u.d.l. u.d.l. u.d.l. u.d.l.
Salmonella spp. + - - - -
Clostridium perfringens - - - - -

Values are means of three independent replicates and standard deviation was always less then 1% of mean value.

u.d.l.: under detectable limit of 10 cfu/g.
®4+: present in 25 g of pollen.
°-: absentin 25 g of pollen.

https://doi.org/10.1371/journal.pone.0183208.t002

microbial group. Even the load of coliforms and S. aureus we found is in agreement with
results by Hani et al. [14].

Frozen bee pollen. Freezing of the samples, collected at the beginning, middle and at the
end of collection period, showed to slightly affect microbial composition of pollen for the most
of microbiological parameters investigated with no remarkable differences among three trap
systems. Results of viable counts of frozen samples from FT, WT and BT during 4 months of
storage at -18°C are reported in Tables 2, 3 and 4, respectively. From an overall view, most of
the microbiological indicators of pollen quality analyzed were still detected at the end of frozen
storage. Samples from the three traps showed after four months of storage an unchanged load
for MTVC or never below 4 log CFU/g starting from an average initial load of about 6 log
CFU/g. Same trends were found for Enterobacteriaceae that recorded an overall reduction of 2
or 3 log cycles from an initial load within 4 and 5.5 log cycles. Also LAB population persisted
in samples with a final load between 2.3 and 3.9 log CFU/g after the frozen storage.
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Table 3. Bacterial load (cfu/g) after 1-4 months of storage at -18°C of samples collected at 1!, 4" and 9" time from hives mounting the wall trap.

Week of sampling

1st

4th

9th

Microbial parameters Initial load Months of storage at-18°C

1 2 3 4
MTVC 6.48 6.48 6.48 4.51 4.48
YM 3.40 2.00 3.36 4.48 4.00
LAB 4.94 u.d.l? 4.36 3.78 3.70
Enterobacteriaceae 4.48 4.00 3.59 3.00 3.00
Bacillus cereus 3.00 2.70 u.d.l u.d.l. u.d.l.
Staphylococcus aureus 2.02 1.54 1.00 3.95 u.d.l.
Escherichia coli 2.61 u.d.l u.d.l. u.d.l. u.d.l.
Salmonella spp. - - - - -
Clostridium perfringens - - - - -
MTVC 5.93 5.48 5.48 5.48 5.48
YM 2.93 3.00 3.30 2.30 3.00
LAB 5.04 5.40 3.95 3.00 3.11
Enterobacteriaceae 5.59 3.95 3.40 2.30 2.30
Bacillus cereus 4.41 2.83 u.d.l. u.d.l. u.d.l.
Staphylococcus aureus 3.57 2.08 u.d.l u.d.l u.d.l
Escherichia coli 3.08 2.11 u.d.l. u.d.l. u.d.l.
Salmonella spp. - - - - -
Clostridium perfringens - - - - -
MTVC 5.88 4.90 4.00 4.48 4.60
YM 1.90 2.54 3.00 4.70 4.70
LAB 3.90 411 4.00 3.28 3.18
Enterobacteriaceae 4.70 4.50 4.30 4.00 3.00
Bacillus cereus 1.00 u.d.l. u.d.l. u.d.l u.d.l.
Staphylococcus aureus u.d.l. u.d.l. u.d.l. u.d.l. u.d.l.
Escherichia coli u.d.l. u.d.l. u.d.l. u.d.l. u.d.l.
Salmonella spp. - - - - -
Clostridium perfringens - - - - -

Values are means of three independent replicates and standard deviation was always less then 1% of mean value.

u.d.l.: under detectable limit of 10 cfu/g.
b-: absent in 25 g of pollen.

https://doi.org/10.1371/journal.pone.0183208.t003

Interestingly, samples collected at the end of 9™ week from all traps showed the most persistent
LAB population, which decreased of just 1.5 log cycles with respect to 2.5 log cycles of reduc-
tion recorded for all other samples. Based on this result, we hypothesize a different composi-
tion of LAB population contaminating bee pollen according to the seasonal period.
Noteworthy, the load of yeasts and molds population remained constant or slightly decreased
in FT and in BT along the storage while it increased in WT, suggesting, also in this case, a dif-
ferent composition of contaminating population in terms of strains and species, according to
the trap system or more probably the position of the hives in the apiary. On the other hand,
this condition of storage strongly affected the load of B. cereus, S. aureus and E. coli population
that were not detected at the end of the storage with exception of B. cereus that was found in
the sample collected at the 1°* and 4™ time of sampling from BT. Furthermore, frozen samples
were negative for presence of Salmonella spp. even when it was present in the fresh sample
indicating that freezing affected Salmonella spp. viability. Differently, a typical colony
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Table 4. Bacterial load (cfu/g) after 1-4 months of storage at -18°C of samples collected at 1!, 4" and 9'" time from hives mounting the bottom

trap.
Week of sampling

1st

4th

9th

Microbial parameters

MTVC

YM

LAB
Enterobacteriaceae
Bacillus cereus
Staphylococcus aureus
Escherichia coli
Salmonella spp.
Clostridium perfringens
MTVC

YM

LAB
Enterobacteriaceae
Bacillus cereus
Staphylococcus aureus
Escherichia coli
Salmonella spp.
Clostridium perfringens
MTVC

YM

LAB
Enterobacteriaceae
Bacillus cereus
Staphylococcus aureus
Escherichia coli
Salmonella spp.
Clostridium perfringens

Initial load

6.91
5.53
5.48
5.60
2.98
3.78

u.d.l.
b

6.15
4.11
5.70
5.30
4.49
3.08
3.08

5.54
u.d.l.
4.50
4.52
3.48
1.00
u.d.l.
C

+
+

6.48
2.00
4.54
5.00
4.46
3.41
3.54

5.97
4.88
4.60
4.25
3.18
2.04
2.41

5.48
3.30
5.08
3.00
3.00
1.00
1.00

Months of storage at-18°C

2
6.48
3.08
4.43
4.88
3.00
2.92
2.26

5.48
4.54
3.60
4.54
u.d.l.
1.00
u.d.l

4.90
3.00
4.00
3.00
3.00

u.d.l.
u.d.l.

Values are means of three independent replicates and standard deviation was always less then 1% of mean value.
2u.d.l.: under detectable limit of 10 cfu/g.

b-: absent in 25 g of pollen.
°+: present in 25 g of pollen.

https://doi.org/10.1371/journal.pone.0183208.t004

3
5.78
2.18
3.28
4.00
2.78

u.d.l.?
u.d.l.

5.48
4.30
2.48
3.30
u.d.l.
u.d.l.
u.d.l.

4.48
3.79
4.18
4.48
u.d.l.
u.d.l.
u.d.l.

4.48
2.30
3.08
4.00
2.30
u.d.l.
u.d.l

5.48
4.80
2.30
3.30
4.85
u.d.l
u.d.l.

4.48
3.73
3.95
4.43
u.d.l.
u.d.l
u.d.l

ascribable to CI. perfringens was found also after the first month of storage, as confirmed by

genotypic analysis, in a sample collected from FT.

To the extent of our knowledge, no previous study aiming the microbiological characteriza-
tion of frozen bee pollen is available and more in general, no previous work focused on micro-
bial characterization of fresh and frozen Italian bee pollen. Ka¢aniova et al. [15] carried out an
analysis on Slovakian pollen to see the difference in microscopic fungi and mycotoxin profile
in dried, frozen and UV treated pollen concluding that none of these three procedures was effi-
cacious in reducing this kind of contamination in pollen. Further microbiological data on fro-

zen bee pollen were reported in an abstract presented on 2012 to the Annual Meeting of the
International Association for Food Protection by Hervatin et al. [28]. These authors very con-
cisely highlight the presence of potential pathogens in fresh and frozen Brazilian bee pollen.
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Dried pollen. Differently from freezing, the dehydration procedure completely affected
all microbial communities of bee pollen. Microbiological characterization of dried pollen has
been reported in many papers [12, 13] but only in few of them parameters (time and tempera-
ture) of dehydrating treatment are reported [15]. Finding from other authors showed that
MTVC and YM load of dried pollen collected in different world regions (Portugal, Spain, Bra-
zil, Slovakia) ranged between <10 CFU/g and 10* CFU/g, the level of coliforms was between
<1 and 30 UFC/g while E. coli, Salmonella, sulphite-reducing clostridia and S. aureus were
generally absent in all the sample analyzed [12, 13, 29, 30]. The absence of all microorganisms
researched in our dried pollen samples could be attributed mainly to the different conditions
performed for samples dehydration and also to the diversity in microflora present on pollens
of different botanical and geographical origins.

Molecular identification of pure cultures

Molecular identification based on the amplification of 16S rDNA tract confirmed the presence
of some potentially pathogenic microorganisms (Table 5). Only the sequences with a cutoff
level of 98% similarity with 16S rDNA sequences available in gene bank have been included in
the results. According to the results it was clear that, even though the isolation was carried out
on selective media, some bacteria not ascribable to the species investigated in this study have
been identified. Several genera of bacteria belonging to Enterobacteriaceae family were found
and they have been identified as saprophytic species in the environment, reasonably associated
to pollen. However, in some cases we cannot univocally attribute the 16S rDNA sequence to a
species. Among these some colonies were identified as Klebsiella oxytoca/Raoultella ornithino-
Iytica/Citrobacter freundii, all potentially pathogenic microorganisms. For instance, Klebsiella
and Citrobacter have been associated to urinary tract infection [31, 32], while Roultella ornithi-
nolytica is associated to aqueous environment, soil, trees and insects and it has been recognized
as implicated in cases of human infection [33]. Also the species Serratia marcescens was
detected in bee pollen samples, and the presence of this opportunistic pathogen has been previ-
ously demonstrated by Brindza et al. [11] in Slovakian pollen samples.

Noteworthy, molecular analysis revealed the presence of bacteria identified as Escherichia/
Salmonella. None of the bacteria isolated on BP was identified as S. aureus, whereas other spe-
cies of Staphylococcus genus were found such as S. saprophyticus, S. sciuri and S. gallinarum, all

Table 5. Results of phenotypical analysis and molecular identification of typical colonies isolated from bee pollen samples on selective media.

Species attribution (accession number) Phenotypical characteristics

Bacillus cereus/thuringiensis (MF800964)
Serratia marcescens/Enterobacter soli/asburiae (MF801302) -
Enterobacter aerogenes (MF801304)
Enterobacter ludwigii/ cancerogenus/ xiangfangensis (MF860828) -
Escherichia coli/hermanii/Shigella sonnei (MF801305) -

Gram Catalase Oxidase
+ + +

+ |+ |+ |+

Klebsiella oxytoca/ Raoultella ornithinolytica/ Citrobacter freundii (MF801306) - - -

Cronobacter zurichensis/ Erwinia tasmaniensis (MF801307) -

+

Escherichia hermannii/Salmonella enterica (MF860829) - + -

Clostridium argentinense (MF801308)

Weissella cibaria/ confusa (MF801309)
Staphylococcus gallinarum/succinus (MF801310)
Staphylococcus sciuri (MF801311)

Staphylococcus saprophyticus/succinus (MF801312)

https://doi.org/10.1371/journal.pone.0183208.t005

+ 4+ |+ |+ |+
.
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species classified in the group of coagulase-negative Staphylococci and generally considered
pathogen of urinary tract. Similar situation occurred for bacteria isolated on SFP since no Clos-
tridium identified as perfringens was detected. Instead, one isolate was identified in the patho-
genic species of Cl. argentinense and it was found both in fresh and in frozen pollen samples.
Molecular analysis also confirmed the presence of B. cereus species that was present in fresh
and frozen pollen.

High Throughput Sequencing

A total of 4729 raw reads were obtained after 454 processing pipelines. Among which 2749
reads passed the filters applied through QIIME, with an average value of 916 reads/sample.
The rarefaction analysis and the estimated sample coverage (Table 6) indicated that there was
satisfactory coverage for all samples (ESC above 98% for all the samples). Also, the richness of
the samples varied across samples from a minimum of 62 to 95 OUT’s. In Fig 8 all the OTU’s
are shown. Proteobacteria was the major OTU in BT and WT with 81.3% and 88.6% of relative
abundance, respectively. Instead, Proteobacteria in FT reaching at 36.7%. Lactobacillus sp.
occurred only in FT at 49.1%, but at low percentage in BT and WT (12.3% and 1.78% respec-
tively). Acinetobacter sp. occurred only in FT and WT at very low percentage (3.7% and 1.5%,
respectively), on the other hand Lactococcus sp. was found only in FT at 3.9%. The others
OUT’s reported in Fig 8 were occurred in all the samples but at low relative

abundance < 0.1%. The alpha-diversity index showed a more microbial complexity in FT and
WT (Table 6).

Conclusions

As it can be expected, microbiological analysis of fresh pollen revealed the higher levels of con-
tamination reported until now for all the parameters here investigated in comparison with
contamination level of processed pollen. For its nutritional and chemical composition pollen
is an ideal matrix for bacterial colonization and growth. Some critical moments in pollen pro-
duction like the collection and manipulation by beekeepers as well as the storage can favour
the spoilage by some microorganisms. Because fresh pollen samples were positive for the pres-
ence of some pathogenic species and also levels of MTVC, YM, LAB and Enterobacteriaceae
were relevant a high health risk could be associated to the consumption of fresh bee pollen.
Same assumptions are also referred to consumption of frozen bee pollen while dried pollen
remains the safest form of consumption of this high nutritional value product.
Microbiological profile of pollens is a fundamental aspect to guarantee a safe use in human
consumption of this product. Many world countries have national standards for pollen, in par-
ticular, as reported by Campos et al. [1], pollen standards existed at that time in countries such
as Brazil, Bulgaria, Poland and Switzerland, while bee pollen has not to be considered like food
supplement within EU but like a standard food, hence subjected to standard food legislation.

Table 6. Number of sequences (Reads), observed diversity and estimated sample coverage (ESC) for 16S rRNA amplicons analyzed.

No. of reads oTu? Chao1 index Shannon index ESC (%)
Front 1132 95 99.75 3.72 98.32
Wall 655 83 83.95 3.71 98.65
Bottom 952 62 71.50 2.31 98.90

Shannon index, Chao1 and Goods coverage were calculated by QIIME at distance level of 3%.
80TU: Operational Taxonomic Units.

https://doi.org/10.1371/journal.pone.0183208.t006
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Fig 8. Relative abundance of OUT’s based on 16S rRNA gene by pyrosequencing analysis of DNA

from pollen samples.

https://doi.org/10.1371/journal.pone.0183208.9008

At best of our knowledge this is the first work conducted in Italy on a comprehensive microbi-
ological evaluation of bee pollen, both in its fresh and processed form.

From the results of our analysis it is clear that a more extensive biological hazard analysis
should be conducted on bee pollen for human consumption and that biological contamination
levels of areas in which hives are positioned should be taken into account from beekeepers.

Author Contributions
Conceptualization: GM AD GD EC.
Data curation: GM AD GD ALS EC.
Formal analysis: GM AD GD ALS EC.
Investigation: GM AD GD ALS EC.
Methodology: GM AD GD EC.
Project administration: GM EC.
Resources: GM EC.

Software: GM EC.

Supervision: GM EC.

Validation: GM AD GD ALS EC.
Visualization: GM AD GD EC.
Writing - original draft: GM AD GD ALS EC.
Writing - review & editing: GM AD.

References

1. Campos MGR, Bogdanov S, de Almeida-Muradian LB, Szczesna T, Mancebo Y, Frigerio C et al. Pollen
composition and standardization of analytical mothods. J Apicult Res. 2008; 47:154—61.

PLOS ONE | https://doi.org/10.1371/journal.pone.0183208 September 21,2017

15/17


https://doi.org/10.1371/journal.pone.0183208.g008
https://doi.org/10.1371/journal.pone.0183208

@° PLOS | ONE

Microorganisms in bee pollen

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

de Arruda SVA, Pereira AAS, Estevinho LM, de Almeida-Muradian LB. Presence and stability of B com-
plex vitamins in bee pollen using different storage conditions. Food Chem Toxicol. 2013; 51:143-48.
https://doi.org/10.1016/j.fct.2012.09.019 PMID: 23022013

De Grandi-Hoffman G, Eckholm BJ, Hua-Huang M. A comparison of bee bread made by Africanized
and European honey bees (Apis mellifera) and its effects on hemolymph protein titers. Apidologie 2013;
44:52-63.

Cabrera C, Montenegro G. Pathogen control using a natural Chilean bee pollen extract of known botani-
cal origin. Cienc Investig Agrar. 2013; 40:223-30.

Raja S, Waghchoure ES, Mahmood R Sarwar G, Iftikhar F, Munawar S. Comparative study on improve-
ment in Pollen Collection Technology. Halteres, 2010; 1:1-6.

Pidek IA. Preliminary results of pollen trapping in the region of the Roztocze National Park (SE Poland).
Annales Universitatis Mariae Curie-Sklodowska Lublin Polonia. 2004; 59:143-9.

de Almeida-Muradian LB, Pamplona LC, Coimbra S, Barth OM. Chemical composition and botanical
evaluation of dried bee pollen pellets. J Food Compos Anal. 2005; 18:105—11.

Dimou M, Thrasyvoulou A, Tsirakoglou V. Efficient use of pollen traps to determine the pollen flora used
by honey bees. J Apicult Res. 2006; 45:42—-46.

Delaplane KS, Dag A, Danka RG, Freitas BM, Garibaldi LA, Goodwin RM et al. Standard methods for
pollination research with Apis mellifera. J Apicult Res. 2013; 52:1-28.

Nardoni S, D’Ascenzi C, Rocchigiani G, Moretti V, Mancianti F. Occurrence of moulds from bee pollen
in Central Italy—A preliminary study. Ann Agr Env Med. 2016; 23:103-5.

Brindza J, Grof J, Bacigalova K, Ferianc P, Toth D. Pollen microbial colonization and food safety. Acta
Chim Slovaca. 2010; 3:95-102.

Estevinho LM, Rodrigues S., Pereira AP, Feas X. Portuguese bee pollen: palynological study, nutri-
tional and microbiological evaluation. Int J Food Sc Tech. 2012; 47:429-35.

Feas X, Vazquez-Tato MP, Estevinho L, Seijas JA, Iglesias A. Organic bee pollen: botanical origin,
nutritional value, bioactive compounds, antioxidant activity and microbiological quality. Molecules.
2012; 17:8359-77. https://doi.org/10.3390/molecules17078359 PMID: 22785265

Hani B, Dalila B, Saliha D, Daoud H, Mouloud G, Seddik K. Microbiological sanitary aspects of pollen.
Adv Environ Biol. 2012; 6:1415-20.

Kacaniova M, Juracek M, Chlebo R, Kiiazovicka V, Kadasi-Horakova M, Kunova S et al. Mycobiota and
mycotoxins in bee pollen collected from different areas of Slovakia. J. Env. Sc. Health, Part B 2011;
46:623-29.

European Food Safety Authority. Towards an integrated environmental risk assessment of multiple
stressors on bees: review of research projects in Europe, knowledge gaps and recommendations.
EFSA Journal. 2014; 12:3594.

Collin S, Vanhavre T, Bodart E, Bouseta A. Heat treatment of pollens: impact on their volatile flavor con-
stituents. J. Agric. Food Chem. 1995; 43:444-8.

Canale A, Benelli G, Castagna A, Sgherri C, Poli P, Serra A, et al. Microwave-assisted drying for the
conservation of honeybee pollen. Materials. 2016; 9.

Weisburg WG, Barns SM, Pelletier DA, Lane DJ. 16S ribosomal DNA amplification for phylogenetic
study. J Bacteriol. 1991; 173:697-703. PMID: 1987160

Blaiotta G, Ercolini D, Mauriello G, Salzano G, Villani F. Rapid and reliable identification of Staphylococ-
cus equorum by a species-specific PCR assay targeting the sodA gene. System Appl Microbiol. 2004;
27:696-702.

Altschul S. F., Madden T. L., Schaffer A. A., Zhang J., Zhang Z., Miller W., Lipman D. J.: “Gapped
BLAST and PSI-BLAST: a new generation of protein database search programs”. Nucl. Ac. Res. 1997;
25:3389-3402.

Ercolini D, De Filippis F, La Storia A, lacono M. “Remake” by High-Throughput Sequencing of the
microbiota involved in the production of water buffalo Mozzarella cheese. Appl Environ Microbiol. 2012;
78:8142-45. https://doi.org/10.1128/AEM.02218-12 PMID: 22941080

De Filippis F, La Storia A, Stellato G, Gatti M, Ercolini D. A selected core microbiome drives the early
stages of three popular Italian cheese manufactures. PLoS ONE. 2014; 9:e89680. https://doi.org/10.
1371/journal.pone.0089680 PMID: 24586960

McDonald D, Price MN, Goodrich J. Nawrocki EP, DeSantis TZ, Probst A, et al. An improved Green-
genes taxonomy with explicit ranks for ecological and evolutionary analyses of bacteria and archea.
ISME J. 2012; 6:610-8. https://doi.org/10.1038/ismej.2011.139 PMID: 22134646

Corby-Harris V, Maes P, Anderson KE. The bacterial communities associated with honey bee (Apis
mellifera) foragers. Plose One 2014; https://doi.org/10.1371/journal.pone.0095056 PMID: 24740297

PLOS ONE | https://doi.org/10.1371/journal.pone.0183208 September 21,2017 16/17


https://doi.org/10.1016/j.fct.2012.09.019
http://www.ncbi.nlm.nih.gov/pubmed/23022013
https://doi.org/10.3390/molecules17078359
http://www.ncbi.nlm.nih.gov/pubmed/22785265
http://www.ncbi.nlm.nih.gov/pubmed/1987160
https://doi.org/10.1128/AEM.02218-12
http://www.ncbi.nlm.nih.gov/pubmed/22941080
https://doi.org/10.1371/journal.pone.0089680
https://doi.org/10.1371/journal.pone.0089680
http://www.ncbi.nlm.nih.gov/pubmed/24586960
https://doi.org/10.1038/ismej.2011.139
http://www.ncbi.nlm.nih.gov/pubmed/22134646
https://doi.org/10.1371/journal.pone.0095056
http://www.ncbi.nlm.nih.gov/pubmed/24740297
https://doi.org/10.1371/journal.pone.0183208

@° PLOS | ONE

Microorganisms in bee pollen

26.

27.

28.

29.

30.

31.

32.

33.

Anderson KE, Carrol MJ, Sheehan T, Brendon MM, Maes P, Corby-Harris V. Hive-stored pollen of
honey bees: many lines of evidence are consistent with pollen preservation, not nutrient conversion.
Mol Ecol. 2014; 23:5904-17. https://doi.org/10.1111/mec.12966 PMID: 25319366

Medina A, Gonzalez G, Saez JM, Mateo R, Liménez M. Bee pollen, a substrate that stimulates ochra-
toxin A production by Aspergillus ochraceus Wilh. Syst Appl Microbiol 2004; 27:261-7. https://doi.org/
10.1078/072320204322881880 PMID: 15046315

Hervatin H, Grossman MJ, da Silva N, de Arruda Silveira N, Nascimento M, Durrant LR. Microbiological
characterization of unprocessed, processed and retail samples of commercial Brazilian bee pollen for
human consumption. J Food Prot Suppl. 2012; 75:P3-79.

De-Melo AAM, Estevinho LM, Almeida-Muradian LB. A diagnosis of the microbiological quality of dehy-
drated bee-pollen produced in Brazil. Lett Appl Microbiol. 2015; 61:477-83. https://doi.org/10.1111/
lam.12480 PMID: 26280091

Nogueira C, Iglesias A, Feas X, Estevinho LM. Commercial bee pollen with different geographical ori-
gins: a comprehensive approach. Int J Mol Sci 2012; 13:11173-87. https://doi.org/10.3390/
ijms130911173 PMID: 23109845

Podschun R, Ullmann U. Klebsiella spp. as nosocomial pathogens: epidemiology, taxonomy, typing
methods, and pathogenicity factors. Clin Microbiol Rev. 1998; 11:589-603. PMID: 9767057

Metri BC, Peerapur BV. Antibiotic resistance in Citrobacter spp. isolated from urinary tract infection.
Urol Ann. 2013; 5:312-13. https://doi.org/10.4103/0974-7796.120295 PMID: 24311921

Seng P, Boushaba BM, Romain F, Gouriet F, Bruder N, Martin C, et al. Emerging role of Raoultella
ornithinolytica in human infections: a series of cases and review of the literature. Int J Infect Dis. 2016;
45:65-71. https://doi.org/10.1016/}.ijid.2016.02.014 PMID: 26921549

PLOS ONE | https://doi.org/10.1371/journal.pone.0183208 September 21,2017 17/17


https://doi.org/10.1111/mec.12966
http://www.ncbi.nlm.nih.gov/pubmed/25319366
https://doi.org/10.1078/072320204322881880
https://doi.org/10.1078/072320204322881880
http://www.ncbi.nlm.nih.gov/pubmed/15046315
https://doi.org/10.1111/lam.12480
https://doi.org/10.1111/lam.12480
http://www.ncbi.nlm.nih.gov/pubmed/26280091
https://doi.org/10.3390/ijms130911173
https://doi.org/10.3390/ijms130911173
http://www.ncbi.nlm.nih.gov/pubmed/23109845
http://www.ncbi.nlm.nih.gov/pubmed/9767057
https://doi.org/10.4103/0974-7796.120295
http://www.ncbi.nlm.nih.gov/pubmed/24311921
https://doi.org/10.1016/j.ijid.2016.02.014
http://www.ncbi.nlm.nih.gov/pubmed/26921549
https://doi.org/10.1371/journal.pone.0183208

