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Abstract
The last few decades have seen an

increase in intensive buffalo farms world-
wide. Such industrialized activity entails
human and animal potential health-related
hazards as well as for the environment. Given
the breadth of the issue, in this study we
focused on gathering microbiological air
sampling in the Southern Italian buffalo
farms in order to obtain further information
on airborne microbial flora. In details, we
evaluated the bio-aerosol concentration of
cultivable bacteria and fungi in ten different
buffalo farms. There are evidences showing
that exposure to organic dust may exacerbate
asthma, just as it may cause mucous mem-
brane irritation and chronic bronchitis.
Likewise, studies show that inhaling non-
infectious microorganisms and their compo-
nents may cause inflammation of the respira-
tory tract. As a result, this is a significant
health hazard to these farms’ workers as well
as to rural residents living closely to them.

Introduction
In Italy, approximately 200,000

Mediterranean water buffaloes (Bubalus
bubalis) are kept, mainly in the central and
southern regions, where they constitute an
important part of the animal industry in
terms of milk-derived products.1 The water
buffalo is a valuable species since it is con-
sidered a multipurpose animal with several
valuable features such as its meat, horns and
skin.2 Moreover, its rich and nutritious milk
is highly precious, and can be converted into

many kinds of cheese, primarily mozzarella,
which is one of the major economical reality
of Southern Italy. Modern agricultural meth-
ods have changed the way buffalo are
raised.3,4 To increase milk production and in
order to reduce farm-labour, the previous
methodology based on allowing animal to
graze in the fields has changed and animals
are now stocked in confinement buildings.
Buffaloes are managed within different types
of confinement sectors according to their
growth stage and operational process. The
stages of buffalos breeding can be catego-
rized as: i) lactating offspring, ii) nursery, iii)
growing, iv) milking.5

Microorganisms and their components
or products, deriving from organic waste
(feces and feed), are easily cumulated and
aerosolized in stables with high animal pop-
ulation density.6,7 Inhalation of airborne
microorganisms is considered an important
aspect in the prevalence of respiratory dis-
eases within the farming community.8,9 One
major problem is the inhalation of airborne
gram-negative bacteria and allergenic
fungi.5,10 Working in animal housings may
be correlated with more frequent exposure
to organic dust, microorganisms and bacte-
rial components present in animal wastes in
amounts which once inhaled are able to
cause respiratory diseases following induc-
tion of cellular and immunological respons-
es.11-13 The species composition and concen-
tration of airborne microorganisms can be
highly affected by environmental factors
such as climate and humidity, but an impor-
tant role is also played by the farm charac-
teristics, such as feeding and cleaning prac-
tices.14-16 To the best of our knowledge, no
information regarding the level of airborne
microorganisms in buffalo farm has been
previously reported. The major aim of this
study was to investigate the concentrations
of airborne microorganisms and to examine
the species composition in a vast number of
buffalo stables located in Southern Italy.17

Materials and Methods

Study site
Ten buffalo farms were selected. The

buffalo farms were located in Campania, a
region of Southern Italy with a
Mediterranean climate. Selected farms were
homogeneous in size and organization with
growing house and milking parlour natural-
ly ventilated, and open-air house. Each
growing house has the capacity to hold 400
buffaloes.

Collection of air samples
The bioaerosol samples were collected

with a Thermo-Scientific six-stage
Andersen Cascade Impactor, following the
method described by Andersen et al.3 The
Andersen sampler operated for 1 min to
obtain the total number of airborne aerobic
bacteria and for 20 min to obtain the num-
ber of airborne Gram-negative and Gram-
positive bacteria at an air-flow rate of 28.3
l/min. Samples of airborne culturable bacte-
ria, Gram-negative bacteria, and culturable
fungi were simultaneously collected 1.5 m
above the floor of the central walkway in
each stable of the examined buffalo farms.
In particular, 10 L of air were collected in
the stables and 50 L of air were collected in
the parlours before milking (when the
rooms had been cleaned) and after milking
(once all animals have left the parlour and
no cleaning has been performed yet). For
each farm, a series of three samples taken
from five different locations within each
stable were plated of the following media:
Rose Bengal Agar (RBA), Malt Extract
Agar (MEA), Mac Conkey medium
(MAC), Plate Agar Count or Sabouraud
dextrose agar. RBA (without streptomycin)
was prepared using Martin’s modification
of peptone dextrose agar. MEA was pre-
pared by using 25 g of malt extract per litre,
1 g of yeast extract per liter, and 16.5 g of
agar per liter.
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The grown colonies were counted on all
plates, and counts from dilution plates con-
taining 30-300 colony-forming units
(CFUs) were used in back-calculations to
determine the concentration of isolated bac-
teria per cubic meter of air within each buf-
falo stable.

Sample analysis
We analyzed bacterial and fungal air

samples collected with bioaerosol samplers
as described before. The temperature and
relative humidity were monitored through-
out the sampling periods and were 22±1°C
and 26±4% respectively. After sampling,
the plates were immediately incubated at
30°C for 24 to 36 h for mesophilic bacteria,
and at 37°C for 24 h to 36 h for coliforms.
For yeasts and moulds the cultures were
incubated at room temperature (23±3°C).
The plates were inspected after 4 days and
periodically up to 14 days after primary
exposure. The concentration of bacteria and
fungi per cubic meter of air were calculated,
and the most common genera of aerobic
bacteria present were identified by Gram
staining and biochemical methods using
bacterial identification kits (Becton
Dickinson Micro System), while the fungi
present were identified by examination of
colony morphology, followed by micro-
scopic examination of spores and hyphae.18

However, for the great majority of sam-
ples all bacterial and fungal types present
were identified and their concentration was
expressed as CFU/m3 of air. Actual plate
counts, not estimated counts, was used to
calculate the CFU/m3. Most fungi were
identified to the genus level according to
published references.19

Results
The concentration of bacteria and fungi

detected in the farms was determined by
using optimal sampling methods in a way
that would properly minimize colony mask-
ing bioaereosol. The results showed the
concentrations of cultivable microorgan-
isms in 10 farms in Southern Italy during
the year 2018 and relative to the four sea-
sons: winter, spring, summer and fall.

The concentration of cultured bacteria
in the air was significantly high in stables.
In Table 1 we report the minimum and max-
imum values of the bacterial concentration
found, ranging from 7.9×104 to 2.4×106

CFU/m3 during the summer, 6.5×104 to
1.1×106 CFU/m3 during the spring, 6.2×104

to 9.8×105 CFU/m3 during the fall and
6.3×103 to 3.2×105 CFU/m3 during the win-
ter. Likewise, the values for fungi are
9.1×102 to 4.1×103 CFU/m3 during the sum-

mer, 6.6×102 CFU/m3 to 3.3×103 during the
spring, 7.1×102 to 2.9×103 CFU/m3 during
the fall and 3.3×102 to 1.7×103 CFU/m3 dur-
ing the winter (Table 1).

For an immediate understanding the
results are shown in a histogram in Figure 1.
Analysis of variance showed no significant
difference in airborne fungi concentration
among buffalo stables (P=0.25).

However, a great variety of bacterial
and fungal species or genera were found in
the buffalo farms. Moreover, the bacteria
and the fungi identified in the stables were
characterized and the results are consistent
with the published literature on the subject.

In Figure 2 we represented, with a his-
togram, the families of gram negative bacte-
ria found in breeding farms. Among these,
the most numerous belonged to the follow-
ing species: Enterobacteriaceae,
Campylobacteriacae and
Pseudomonadaceae. Within the
Enterobacteriaceae, Escherichia coli and
Pantoea agglomerans were predominating
species. Regarding the Pseudomonadaceae,
the presence of Pseudomonas aeruginosa
was correlated with relative humidity of air.

Moreover, the high percentage of
Pseudomonadaceae in milking parlours
compared to stables could depend on the air
humidity following cleaning of milking par-
lours by water spraying performed routine-
ly. No obligate anaerobic Gram-negative
bacteria were isolated. The main airborne
concentrations of Gram-positive bacteria
were relatively high in the same stables and
among them the predominant genera identi-
fied were Bacillus, Enterococcus,
Corynebacterium and Clostridium (Figure
3). Significantly higher concentrations of
airborne fungi were measured in breading
houses. Candida, Saccharomyces,
Aspergillus and Cladosporium were the
most representative of the identified fungi
in all stables. The other species of fungi
found were Alternaria, Penicillium, and
Fusarium (Figure 4).

Low levels of cultivable fungi and bac-
teria were determined in the air of the milk-
ing parlours, especially during the stage
before milking. In milking parlours, during
the stage before milking the microbial con-
centrations ranged from 7.1×102 to 2.9×103

CFU/m3 during the spring, 9.1×102 to
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Figure 1. Concentration of bacteria and fungi in all the stable of all farms analyzed during
the four season of the year 2018. CFU, colony-forming unit.
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4.4×103 CFU/m3 during the summer,
6.1×102 to 3.2×103 CFU/m3 during the fall
and 2.3×102 to 1.9×103 CFU/m3 during the
winter for bacteria (Table 2) and from

2.3×102 to 1.1×103 CFU/m3 during the
spring, 3.1×102 CFU/m3 to 2.2×103 during
the summer, from 2.6×102 to 9.9×102

CFU/m3 during the fall and from 1.2×102 to

9.3×102 CFU/m3 during the winter for fungi
(Table 2).

Instead, inside milking parlours, in the
stage after milking, therefore once the buf-

                             Article

Table 1. Concentrations of airborne microrganisms measured in stables of 10 buffalo farms.

Season                Farm N°                         Culturable bacteria (CFU/m3)                                                    Culturable fungi (CFU/m3)
                                                             Range                Mean                      Ds                                     Range                Mean                 Ds
Winter

                                    1                                 9.3×104-2.3×105           1.26×105                       4.1×104                                    8.2×102-1.1×103           9.89×102               0.84×102

                                    2                                 1.5×105-2.5×105           1.91×105                      3.07×104                                   9,6×102-1.7×103           1.14×103                2.1×102

                                    3                                 6.3×103-9.5×104           4.31×104                      3.98×104                                   3.3×102-4.5×103           3.83 ×102               0.36×102

                                    4                                 9.4×104-2.1×105            1.4×105                       4.22×105                                   7.8×102-9.6×102          8.55 ×102              0.58×102
                                    5                                 9.8×103-1.9×104           1.47×104                      2.66×103                                   7.7×102-8.7×102           8.24 ×102               0.29×102

                                    6                                 9.8×104-2.1×105           1.52×105                      3.32×104                                   7.8×102-1.2×103           8.80 ×102                 1×102

                                    7                                 2.1×105-3.2×105           2.62×105                      3.67×104                                   1,1×103-1.7×103            1.3 ×102                 2 ×102
                                    8                                 7.5×104-8.4×104          7.96 ×104                      3,38×103                                   3.3×102-4.4×102           3.89 ×102               0.35×102

                                    9                                 1.2×105-2.2×105          1.74 ×105                      2.59×104                                  8.2×102-9.58×102          8.77 ×102               0.46×102

                                    10                               1.1×105-2,5×105          1.82 ×105                      4.19×104                                  7.78×102-9.38×10         8.61 ×102               0.56×102

Spring

                                    1                                 6.6×105-8.5×105           7.59×105                      7.33×104                                   8.1×102-2.4×103           1.65×103               5.32×102

                                    2                                 8.3×105-1.1×106           9.37×105                      6.60×104                                   1.5×103-3.3×103           2.46×103               6.25×102

                                    3                                 5.1×105-7.3×105           6.34×105                      7.02×104                                   6.6×102-8.9×102           7.69×102               0.75×102

                                    4                                 6.5×105-8.5×105           7.68×105                      7.52×104                                   9.5×102-2.4×103           1.73×103               4.97×102

                                    5                                 6.5×104-8.6×105           7.65×104                      7.42×103                                   9.6×102-2.7×103           1.72×103               4.93×102

                                    6                                 6.5×105-8.6×105           7.55×105                      6.95×104                                   9.7×102-2.3×103           1.70×103               4.46×102

                                    7                                 8.5×105-1.1×106           9.44×105                      6.38×104                                   1.6×103-3.3×103           2.49×103               6.11×102

                                    8                                 4.6×105-6.3×105           5.50×105                      6.20×104                                   7.1×102-9.1×102           8.26×102               0.72×102

                                    9                                 6.7×105-8.5×105           7.60×105                      6.70×104                                   9.6×102-2.6×102           1.74×103               4.74×102

                                    10                               6.4×105-8.7×105           7.65×105                      8.38×104                                   1.5×103-3.3×103           1.69×103               4.23×102

Summer

                                    1                                 7.6×105-1.1×106           9.01×105                      9.53×104                                   1.2×103-2.7×103           1.95×103               6.65×102

                                    2                                1.2×106-2.4×106          1.88×106                      3.33×105                                   2.7×103-4.1×103           3.50×103               4.57×102

                                    3                                5.6×105-7.6×105          6.79×105                      6.24×104                                   9.3×102-1.5×103           1.11×103               1.89×102

                                    4                                 7.8×105-9.7×105           8.95×105                      6.23×104                                   1.1×103-3.0×103           2.18×103               4.97×102

                                    5                                 7.9×104-9.4×105           8.66×104                      4.68×103                                   1.8×103-2.7×103           2.20×103               2.97×102

                                    6                                 8.6×105-9.8×105           9.22×105                      3.90×104                                   1.5×103-2.6×103           2.02×103               3.70×102

                                    7                                1.3×106-2.4×106          1.93×106                      3.52×105                                   2.8×103-4.1×103           3.39×103               4.16×102

                                    8                                 5.7×105-7.3×105           6.43×105                      4.98×104                                   9.1×102-1.3×103           1.02×103               1.23×102

                                    9                                 8.4×105-9.8×105           9.08×105                      4.29×104                                   1.6×103-2.6×103           2.01×103               3.29×102

                                    10                               8.5×105-9.6×105           9.10×105                      4.05×104                                   1.4×103-2.1×103           2.05×103               4.01×102

Fall

                                    1                                 6.2×105-8.7×105           7.20×105                      7.72×104                                   1.5×103-2.2×103           1.74×103               3.63×102

                                    2                                 8.3×105-9.5×105           8.91×105                      4.07×104                                   1.3×103-2.9×103           2.13×103               4.86×102

                                    3                                 5.2×105-7.1×105           6.02×105                      5.83×104                                   7.3×102-9.1×102           8.22×102               0.55×102

                                    4                                 6.4×105-8.7×105           7.84×105                      7.08×104                                   9.8×102-2.2×103           1.69×103               4.06×102

                                    5                                 6.2×105-8.7×105           7.67×104                      8.43×103                                   9.5×102-2.3×103           1.64×103               4.50×102

                                    6                                 6.2×105-8.8×105           7.61×105                      8.90×104                                   9.6×102-2.4×103           1.69×103               4.84×102

                                    7                                 8.1×105-9.8×105           8.87×105                      4.93×104                                   1.5×103-2.9×103           2.22×103               4.79×102

                                    8                                 4.1×105-6.6×105           5.38×105                      8.30×104                                   7.1×102-9.0×102            8.0×102                0.60×102

                                    9                                 6.3×105-8.5×105           7.70×105                      7.84×104                                   9.6×102-2.3×103           1.67×103               4.66×102

                                    10                               6.0×105-8.9×105            771,987                       8.36×104                                   8.3×102-1.9×103           1.66×103               4.70×102

CFU, colony-forming unit.
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falos had stationed in the rooms, the con-
centrations were considerably higher and
ranged from 1.2×103 to 7.2×103 CFU/m3

during the spring, 9.2×102 to 8.3×103

CFU/m3 during the summer, 9.2×102 to
7.6×103 CFU/m3 during the fall and 6.1×102

to 4.8×103 CFU/m3 during the winter for
bacteria (Table 3) and from 6.1×102 to

2.9×103 CFU/m3 during the spring, 7.9×102

to 3.7×103 CFU/m3 during the summer,
6.3×102 to 3.4×103 CFU/m3 during the fall
and 2.6×102 to 2.0×103 CFU/m3 during the

                                                                                                                              Article

Table 2. Concentrations of airborne microrganisms measured in stables of pre-milking of 10 buffalo farms.

Season                Farm N°                         Culturable bacteria (CFU/m3)                                                    Culturable fungi (CFU/m3)
                                                             Range                Mean                      Ds                                     Range                Mean                 Ds
Winter

                                    1                                  8.1×102-1.1×103           9.11×102                      0.77×102                                   3.3×102-5.6×102           4.28×102               0.65×102

                                    2                                  9.5×102-1.9×103           1.33×103                      3.39×102                                   7.5×102-9.3×102            8.3×102                0.54×102

                                    3                                  2.3×102-2.4×102           2.92×102                      0.29×102                                   1.2×102-2.4×102           1.79×102               0.38×102

                                    4                                  7.3×102-1.2×103           8.43×102                      1.10×102                                   3.7×102-4.6×102           4.08×102               0.28×102

                                    5                                  7.6×102-8.7×102           8.15×102                      0.34×102                                   3.6×102-4.5×102           3.99×102               0.32×102

                                    6                                  7.8×102-9.1×102           8.29×102                      0.34×102                                   4.1×102-5.4×102           4.75×102               0.36×102

                                    7                                   1×103-1.7×103             1.37×103                      1.86×102                                   7.3×102-8.4×102              8×102                  0.30×102

                                    8                                  2.7×102-4.1×102           3.46×102                      0.41×102                                   1.6×102-2.6×102           2.15×102               0.33×102

                                    9                                  8.1×102-9.3×102           8.76×102                      0.41×102                                   4.1×102-5.3×102           4.69×102               0.39×102
                                    10                                8.2×102-9.6×102           8.91×102                      0.48×102                                   3.8×102-5.4×102           4.56×102               0.45×102

Spring

                                    1                                  1.1×103-2.6×103           1.77×103                      1.06×103                                   6.2×102-9.7×102           8.04×102               0.65×102

                                    2                                  1.3×103-2.9×103           2.17×103                      1.13×103                                   8.2×102-1.1×103           9.26×102               0.54×102

                                    3                                  7.1×102-9.1×102           8.23×102                      1.41×102                                   2.3×102-4.2×102           3.26×102               0.38×102

                                    4                                  9.4×102-2.6×103           1.71×103                      1.17×103                                   6.1×102-9.7×102           8.03×102               0.28×102

                                    5                                  9.5×102-2.6×103           1.70×103                      1.17×103                                   6.2×102-9.7 ×102           7.87×102               0.32×102

                                    6                                  1.3×103-2.6×103           1.82×103                      9.19×102                                   6.3×102-9.5×102           8.09×102               0.36×102

                                    7                                  1.5×103-2.9×103           2.14×103                      9.90×102                                     8×102-1.1×103             9.29×102               0.30×102

                                    8                                  7.2×102-9.4×102           8.24×102                      1.56×102                                   3.3×102-4.6×102           3.92×102               0.33×102

                                    9                                  9.4×102-2.8×103           1.72×103                      1.31×103                                   6.3×102-9.6×102           8.04×102               0.39×102

                                    10                                1.1×103-2.7×103           1.82×103                      1.13 ×103                                   6.5×102-9.6×102           8.06×102               0.45×102

Summer

                                    1                                  1.3×103-2.6×103           1.88×103                      3.77×102                                   7.3×102-9.7×102           8.86×102               0.63×102

                                    2                                  3.3×103-4.4×103           3.85×103                      3.25×102                                   9.4×102-2.2×103           1.67×103                4.1×102

                                    3                                  9.2×102-1.3×103           1.02×103                      1.19×102                                   3.1×102-4.7×102           3.93×102               0.51×102

                                    4                                  1.6×103-2.3×103           1.95×103                      2.53×102                                   7.9×102-9.7×102           8.89×102               0.60×102

                                    5                                  1.7×103-2.6×103           2.15×103                      2.47×102                                   3.4×102-9.4×102           8.33×102               1.46×102

                                    6                                  1.4×103-2.3×103           1.83×103                      2.72×102                                   8.2×102-9.4×102           8.79×102               0.36×102

                                    7                                  3.1×103-4.1×103           3.62×103                      3.07×102                                   9.8×102-2.0×103           1.41×103               3.15×102

                                    8                                  9.1×102-1.2×103           9.92×102                      0.84×102                                   3.7×102-5.3×102           4.57×102               0.48×102

                                    9                                  1.4×103-2.4×103           1.86×103                      3.27×102                                   8.3×102-9.7×102           8.99×102               0.43×102

                                    10                                1.5×103-2.5×103           2.10×103                      2.98×102                                   8.1×102-9.6×102           8.88×102               0.43×102

Fall

                                    1                                  9.3×102-2.3×103           1.61×103                      4.65×102                                   6.3×102-8.4×102           7.61×102               0.66×102

                                    2                                  1.2×103-3.2×103           2.25×103                      6.25×102                                   7.9×102-9.9×102           9.13×102               0.59×102

                                    3                                  6.1×102-9.2×102           7.25×102                      0.84×102                                   2.6×102-4.0×102           3.36×102               0.48×102

                                    4                                  9.3×102-2.3×103           1.66×103                      4.82×102                                   6.3×102-8.4×102           7.59×102               0.66×102

                                    5                                  9.1×102-2.3×103           1.62×103                      4.69×102                                   6.3×102-8.5×102            7.6×102                0.65×102

                                    6                                  8.3×102-2.2×103           1.50×103                      4.46×102                                   6.8×102-8.6×102           7.68×102               0.74×102

                                    7                                  1.1×103-3.2×103           2.19×103                      6.98×102                                   7.8×102-9.9×102           9.02×102               0.67×102

                                    8                                  6.4×102-8.2×102           7.44×102                      0.60×102                                   3.2×102-4.3×102           3.79×102               0.37×102

                                    9                                  9.9×102-2.3×103           1.73×103                      3.86×102                                   6.4×102-8.6×102           7.64×102               0.70×102

                                    10                                9.3×102-2.4×103           1.63×103                      4.82×102                                   6.5×102-8.5×102           7.64×102               0.66×102

CFU, colony-forming unit.
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winter for fungi (Table 3). For an immediate
understanding the results are show in a his-
togram in Figure 3 for the mean value of
bacteria concentrations and in a histogram

in Figure 4 for the mean value of fungi con-
centrations. 

Many differences have been found as
regard the level of bacteria and fungi

observed between the different stables dur-
ing the examined period: in particular two
farms have constantly scored low levels of
contamination while two different farms

                             Article

Table 3. Concentrations of airborne microrganisms measured in stables of post-milking bacteria of 10 buffalo farms.

Season               Farm N°                          Culturable bacteria (CFU/m3)                                                    Culturable fungi (CFU/m3)
                                                          Range                  Mean                      Ds                                     Range                Mean                 Ds
Winter

                                   1                               1.7×103-2.6×103              2.15×103                      2.77×102                                   7.3×102-1.0×103           8.19×102               0.70×102

                                   2                               2.9×103-4.8×103              3.77×103                      6.17×102                                   9.6×102-2.0×103           1.35×103               4.08×102

                                   3                               6.1×102-9.5×102              7.24×102                      0.94×102                                   2.7×102-2.8×102           3.28×102               0.31×102

                                   4                               1.7×103-2.4×103              2.04×103                      2.47×102                                   7.3×102-8.4×102           7.75×102               0.34×102

                                   5                               1.3×103-2.4×103              1.84×103                      3.34×102                                   6.3×102-8.2×102           7.29×102               0.54×102

                                   6                               1.6×103-2.5×103              1.99×103                      2.77×102                                   7.4×102-8.6×102           8.02×102               0.38×102

                                   7                               2.9×103-3.8×103              3.27×103                      2.73×102                                   1.0×103-1.6×103           1.29×103               1.90×102

                                   8                               7.9×102-8.7×102              8.31×102                      0.25×102                                   2.6×102-3.9×102           3.36×102               0.43×102

                                   9                               1.1×103-2.2×103              1.56×103                      3.37×102                                   7.7×102-9.2×102           8.46×102               0.54×102

                                   10                             1.2×103-2.3×103              1.69×103                      3.57×102                                   7.2×102-9.2×102           7.96×102               0.52×102

Spring

                                   1                               3.7×103-4.6×103              4.09×103                      6.36×102                                   9.5×102-1.8×103           1.23×103               3.44×102

                                   2                               5.3×103-7.2×103              6.28×103                      1.34×103                                   1.3×103-2.9×103           2.35×103               5.05×102

                                   3                               3.4×103-4.6×103              4.07×103                      8.48×102                                   6.1×102-9.2×102           7.46×102               0.95×102

                                   4                               3.4×103-4.6×103              4.06×103                      8.48×103                                   9.5×102-1.9×103           1.25×103               3.45×102

                                   5                               3.4×103-4.6×103              4.06×103                      8.48×102                                   9.5×102-1.9×103           1.24×103               3.21×102

                                   6                               3.5×103-4.7×103              4.04×103                      8.48×102                                   9.5×102-1.9×103           1.17×103               2.94×102

                                   7                               5.3×103-7.1×103              6.39×103                      1.27×103                                   1.5×103-2.9×103           2.32×103               5.20×102

                                   8                               1.2×103-2.8×103              1.91×103                      1.13×103                                   7.1×102-9.2×102           8.19×102               0.61×102

                                   9                               3.5×103-4.7×103              4.08×103                      8.48×102                                   9.4×102-1.9×103           1.26×103               3.41×102

                                   10                             3.6×103-4.7×103              4.07×103                      7.78×102                                   9.4×102-1.9×103           1.33×103               3.66×102

Summer

                                   1                               4.2×103-5.5×103              4.96×103                      3.77×102                                   1.1×103-2.0×103           1.61×103               2.63×102

                                   2                               6.9×103-8.1×103              7.51×103                      3.80×102                                   2.6×103-3.7×103           3.06×103               3.54×102

                                   3                               9.2×102-1.2×103              1.41×103                      2.82×102                                   7.9×102-9.9×102           8.93×102               0.60×102

                                   4                               4.4×103-5.5×103              5.01×103                      3.33×102                                   1.3×103-2.3×103           1.81×103               3.16×102

                                   5                               4.3×103-5.4×103              4.92×103                      3.49×102                                   1.3×103-2.2×103           1.77×103               2.55×102

                                   6                               4.4×103-5.6×103              4.95×103                      3.41×102                                   1.2×103-2.2×103           1.71×103               3.03×102

                                   7                               6.7×103-8.3×103              7.47×103                      4.75×102                                   1.2×103-3.6×103           3.02×103               5.83×102

                                   8                               1.9×103-2.8×103              2.36×103                      2.95×102                                   8.3×102-9.6×102           9.01×102               0.39×102

                                   9                               4.2×103-5.6×103              4.85×103                      4.43×102                                   9.8×102-2.1×103           1.53×103               3.45×102

                                   10                             4.1×103-5.4×103              4.89×103                      3.99×102                                   1.1×103-2.1×103           1.58×103               2.89×102

Fall

                                   1                               2.9×103-4.3×103              3.79×103                      4.29×102                                   9.3×102-1.7×103           1.22×103               2.69×102

                                   2                               5.2×103-7.2×103              6.26×103                      6.49×102                                   1.7×103-3.2×103           2.28×103               4.72×102

                                   3                               9.2×102-2.1×103              1.41×103                      3.82×102                                   6.3×102-9.2×102           7.65×102               0.86×102

                                   4                               2.6×103-4.3×103              3.76×103                      4.88×102                                   9.1×102-1.7×103           1.25×103               2.88×102

                                   5                               2.8×103-4.3×103              3.75×103                      4.56×102                                   8.1×102-1.7×103           1.18×103               2.46×102

                                   6                               2.9×103-4.5×103              3.77×103                      4.68×102                                   9.6×102-1.6×103           1.22×103               2.39×102

                                   7                               5.4×103-7.6×103              6.48×103                      6.57×102                                   1.5×103-3.4×103           2.30×103               5.64×102

                                   8                               1.3×103-2.2×103              1.71×103                      2.74×102                                   6.9×102-8.5×102           7.80×102               0.58×102

                                   9                               2.7×103-4.3×103              3.77×103                      5.23×102                                   9.2×102-1.8×103           1.23×103               2.80×102

                                   10                             2.9×103-4.4×103              3.80×103                      4.76×102                                   9.7×102-1.5×103           1.30×103               1.96×102

CFU, colony-forming unit.
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have been constantly yielding high numbers
of microorganisms (data not shown). The
highest concentration was found in the sta-
bles number 2 and 7, which showed a sig-
nificantly statistical prevalence compared to
airborne levels of bacteria and fungi deter-
mined in the other stables. The data report-
ed are clear, so it is very important to rec-
ommend the dirty ones to improve on the
cleaning practices that should be performed
more in depth and with higher frequency. 

In our study, the highest concentrations
of microorganisms have always been found
in stables where adult animals are kept,
while the lowest concentrations have been
found in milking rooms, especially in the
stage before milking.

The values reported for samplings per-
formed during the post-milking stage were
considerably high so it is advisable for all
practitioners and workers in the farms to
carry out an accurate cleaning during this
phase. As regard to atmospheric conditions,
on windy days different microbial concen-
trations were obtained. We found that on
windy and wet days, the total flora levels
tended to decline, whereas on windy and
dry days numbers of microorganisms
reached higher levels. Moreover, the
amounts of airborne microorganisms
changed according to the animals’ diet,
indeed in stables hosting adult animals fed
with corn the Gram-negative bacteria con-
centration was significantly higher com-
pared to those farms where animals are fed
with hay. Furthermore, in the same farms
the yeast concentration was significantly
higher.

Discussion
This study was designed to obtain infor-

mation about the airborne microorganisms
present in buffalo farms of Southern Italy.
No bacteria were considered to be
pathogenic to the bovine respiratory system
and all fungi discovered were also consid-
ered to be non-pathogenic.20,21 However,
these techniques were frequently used in
bioaerosol field studies.22,23 Gas as NH3 and
CO2 and vapors can influence the vitality of
bacteria and fungi and it is likely that some
Gram negative bacteria were in a viable but
not in a cultivable state.24

The mean concentrations of bacteria
and fungi present in stables were conspicu-
ous respect to concentration reported for the
milking parlours, especially during the
stage before milking.25,26 The cleaning of
milking parlours by water spraying was per-
formed routinely before milking and this
practice probably decreased the concentra-
tions of airborne microorganisms obtained

                                                                                                                              Article

Figure 2. Gram negative bacteria founded in all areas and locations of the ten farms analyzed.

Figure 3. Gram positive bacteria founded in all areas and locations of the ten farms analyzed.

Figure 4. Yeast founded in all areas and locations of the ten farms analyzed.
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in milking parlours, increasing the differ-
ence between the two stage of milking and
between the milking parlour and the
stables.14 So, thorough cleaning is strongly
recommended during the post milking
phase. Our finding suggests that a scrupu-
lous control of sanitation of housing, equip-
ment and staff had an important role in min-
imizing the impact of the number of
microorganisms presented in stables and on
the hygienic quality of air. Air concentra-
tions of microorganisms were not signifi-
cantly affected by natural ventilation regi-
men. Species of airborne bacteria collected
in the present investigation have been iden-
tified in a follow-up study, in which
Micrococcus and Staphylococcus spp. were
identified as predominant. Generally, only
small quantities of culturable airborne
Gram-negative bacteria were isolated in
each of the animal houses.27 The environ-
mental factors affecting the stables may also
play a role in microbial recovery of viable
and cultivable microorganisms. The pre-
dominant genera were Enterobacteriaceae,
Pseudomonadaceae and Neisseriaceae. The
concentration of airborne Pseudomona -
daceae seems to directly related to our
humidity.  The airborne concentration of
Enterobacteriaceae in stables is likely to
increase during handling of manure and
excrements compared to milking parlours.
Fungal concentrations found in this study
were generally lower than the concentration
of bacteria. Cladosporium and Aspergillus
were always the predominant fungi in the
buffalo farms and among those identified in
the present study Aspergillus and
Penicillium are generally considered com-
mon allergens.

The high level of airborne bacteria and
the presence of potential dangerous fungal
genera implied the prospect of health haz-
ards for animals, workers and staff.28 As a
matter of fact, different components of cell
wall of bacteria and fungi can exert a toxic
effect and can be allergenic.29
Lipopolysaccharides (LPS) from Gram neg-
ative bacteria can be toxic and its effects are
known to persist for long periods (about for
26 h), therefore, it is possible that the effect
of LPS together with the irritant properties
of dust could predispose buffalo and also
operators and workers to respiratory health-
related problems.30

A further element enhancing the forma-
tion of aerosol is represented by the move-
ment by agricultural machines and animals,
which allows the persistence of microor-
ganisms in environmental air. Even the diet
to which animals are subjected plays a sig-
nificant role in the air composition of the
stables. No significant changes were
observed in the concentration of bacteria

and prevalent genera. Yet, as far as fungi are
concerned, a higher concentration was
observed in the air of stables where animals
were fed with a mostly corn-based diet. In
stables where animals were mainly fed with
hay, however, an increase of the Fusarium
and Alternaria species was observed.

Conclusions
In conclusion, the results show that in

stables where animals and workers are in
good health, no airborne aerosol particles
containing pathogenic microorganisms are
present.

The air however presents some
microorganisms that can, due to their com-
ponents (for example LPS) be potentially
harmful for animals and staff working in the
stables, as these items may induce inflam-
matory reactions in the mucous membranes
of exposed subjects. Continuous stimula-
tion and inflammation of respiratory tract
mucous membranes could prepare the way
for a rapid invasion by pathogenic organ-
isms. It would be strongly advised and use-
ful to reduce as much as possible, the con-
centration microorganisms from the air in
farm stables, even if these are not
pathogenic.
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