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ABSTRACT

In Switzerland, sanitation programs of dairy herds 
infected with the contagious mastitis pathogen Staphy-
lococcus aureus genotype B (GTB) have been estab-
lished for several years. In recent years, Streptococcus 
uberis and non-aureus staphylococci have emerged as 
the bacteria most frequently isolated from bovine milk 
samples. The latter cause subclinical mastitis, and some 
species are more persistent or pathogenic than others. 
The present study aimed to investigate the develop-
ments in the intramammary colonization spectrum of 5 
dairy herds undergoing a sanitation program for Staph. 
aureus GTB. We collected single-quarter milk samples 
aseptically from all lactating cows at 3-mo intervals 
during the sanitation period; after classical bacteriologi-
cal analysis, MALDI-TOF mass spectrometry was used 
to identify the isolates to the species level. Non-aureus 
staphylococci were found to be the bacterial group 
most frequently occurring on the selected farms, with 
Staphylococcus chromogenes and Staphylococcus xylosus 
being predominant. The present study demonstrated 
that GTB-infected cows treated with antibiotics lacked 
systematic recolonization with other bacteria during 
herd sanitation for the contagious Staph. aureus GTB.
Key words: dairy cow, intramammary colonization, 
non-aureus staphylococci, MALDI-TOF

Short Communication

The present study is part of a sanitation study for 
Staphylococcus aureus genotype B (GTB; Sartori 
et al., 2018), which is one of the most prevalent and 
contagious genotypes of Staph. aureus circulating 
in Switzerland and typically causes herd problems 
(Fournier et al., 2008; Graber et al., 2009). All other 
Staph. aureus genotypes are responsible for sporadic 

infections in single quarters and cows (Fournier et al., 
2008; Graber et al., 2009). Therefore, a sanitation pro-
gram of Staph. aureus GTB-positive dairy herds was 
established and performed in Switzerland (Sartori et 
al., 2018). The progressive eradication of Staph. aureus 
GTB from infected cows may open a new intramam-
mary biological niche, which could be recolonized by 
new bacteria, potentially representing a new udder 
health concern for the sanitized herds. In particular, 
non-aureus staphylococci (NAS) and Streptococcus 
uberis are among the bacteria most frequently isolated 
from the milk of cows with subclinical IMI (Bradley, 
2002; Taponen and Pyörälä, 2009; De Visscher et al., 
2015) and might therefore be possible recolonizers. Al-
though NAS are generally considered less pathogenic 
than Staph. aureus, they can contain virulence factors, 
leading to problems such as toxin production, increased 
adhesion to the bovine mammary gland epithelium, 
and biofilm formation (Taponen and Pyörälä, 2009; 
Vanderhaeghen et al., 2014). Furthermore, some NAS 
species (e.g., Staphylococcus chromogenes, Staphylococ-
cus simulans) were shown to persist in the mammary 
gland of infected cows causing increased SCC (Fry et 
al., 2014), and Staphylococcus epidermidis and Staphy-
lococcus haemolyticus were shown to be the species 
most resistant to several antibiotics typically used for 
the treatment of IMI in Europe, including penicillin, 
methicillin, macrolides, and aminoglycosides (Taponen 
and Pyörälä, 2009; Frey et al., 2013; Taponen et al., 
2016). The use of antibiotics for the sanitation of GTB 
might represent, therefore, a risk of selecting for IMI-
associated bacteria, particularly NAS. The aim of the 
present study was to investigate the developments in 
the bacterial intramammary colonization spectra of 5 
dairy herds, which participated in a sanitation program 
for Staph. aureus GTB.

Isolates were obtained between October 2013 and 
September 2017 during the sanitation study performed 
by Sartori et al. (2018), which included 19 initially 
Staph. aureus GTB-positive dairy herds. During the 
sanitation study, farmers had to follow a restricted 
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number of mandatory milking procedures. The most 
important one was the keeping of a strict and correct 
milking order based on the GTB status of the cows 
in the herd. Only cows infected with Staph. aureus 
GTB were systematically subjected to antibiotic treat-
ment during lactation or the dry cow period, or both, 
whereas IMI caused by NAS remained systematically 
untreated. Cows with acute or peracute mastitis were 
treated by the private veterinarian and were excluded 
from the study. The GTB-positive cows not responsive 
to antibiotic therapy were recommended to be culled as 
long as they were not pregnant.

To reduce laboratory work, 5 herds were selected 
for the present study, resulting in 2,640 milk samples. 
Aseptically collected, single-quarter milk samples of all 
lactating cows were bacteriologically evaluated at the 
first farm visit and 3 additional times at 3-mo inter-
vals (corresponding to the samplings 1, 3, 6, and 9). 
The within-herd prevalence of Staph. aureus GTB was 
determined for the samplings 1, 3, 6, and 9 (Table 1) 
by analyzing composite milk samples of each cow by 
real-time quantitative PCR for the unique target gene 
adlb as described by Sartori et al. (2017). The adlb gene 
is highly sensitive and specific for Staph. aureus GTB 
both at the analytical and the diagnostic level, enabling 
the very specific detection of the genotype of interest 
(Sartori et al., 2017). Bacteriological analysis was per-
formed according to the Laboratory Handbook on Bovine 
Mastitis of the National Mastitis Council (NMC, 1999). 
In brief, 10 μL of milk were plated on sheep blood agar 
(BA) plates (Biomérieux Suisse SA, Geneva, Switzer-
land), and bacterial cultures (morphology, hemolysis, 
catalase activity, Gram stain) were evaluated after 24 
and 48 h of aerobic incubation at 37°C. Corynebacte-
rium spp. were identified at the genus level based on 
typical growth after 48 h, typical morphology on BA, 
and catalase activity (NMC, 1999). All other bacterial 
species than Corynebacterium spp. showing a growth of 
at least 103 cfu/mL (10 cfu/10 μL) on BA were isolated 
and conserved in skim milk at −20°C until they were 
analyzed by MALDI-TOF MS as described by Dolder 
et al. (2017). In brief, a toothpick was used to directly 
smear a small amount of each colony onto the target 
plate (Bruker Daltonics GmbH, Bremen, Germany), 
followed by adding 1 μL of 70% formic acid and 1 μL 
of α-cyano-4-hydroxycinnamic acid-matrix (Bruker 
Daltonics GmbH). The MALDI-TOF MS analysis was 
then performed using the Microflex LT (Bruker Dalton-
ics GmbH) using an expanded database (Dolder et al., 
2017). In this expanded library, 2 species were found 
to be related to Staphylococcus warneri and to Staphy-
lococcus devriesei by 16S rRNA and rpoB or dnaJ se-
quences and were considered as Staph. warneri-like and 
Staph. devriesei-like, respectively (Dolder et al., 2017). 

Isolates with scores ≥2.0 were identified at the species 
level according to the manufacturer’s guidelines (www 
.bruker .com).

Data were expressed as counts or frequencies or pre-
sented as median, minimum, and maximum. Statistical 
data evaluation was performed using the Systat 13.1 
software (Systat Software, San Jose, CA).

An overview of the Staph. aureus GTB sanitation 
results is provided in Table 1; during the observation 
period of 9 mo, herds 12, 15, and 19 were completely 
sanitized. Farm 11 still had 2 cows infected at sampling 
9 (5% of the cows), and farm 16 could not be sanitized 
until the end of the sanitation program because 6 cows 
(21%) were still GTB-positive at sampling 9 (Table 1). 
Cows infected with other genotypes of Staph. aureus 
were exclusively found on farms 11 and 15 during the 
sanitation study (Table 1). Corynebacterium spp. were 
found on all farms at all samplings. Streptococcus uberis 
(n = 23) was isolated at low rates on all farms, whereas 
other Streptococcus spp. were found in single quarters 
and farms (Table 2). Enterobacteriaceae (n = 9) were 
found in single quarters on 4 farms (Table 2). Among 
the category others (n = 42), Aerococcus viridans (n = 
16) was isolated at low rates on 4 farms, whereas all 
other species were rarely detected in single quarters 
and farms (Table 2).

The group of species the most frequently isolated 
during the present sanitation study were NAS. Out 
of 306 NAS isolates, 12 different species were found 
on the selected farms (Table 2). Five main species oc-
curred more frequently during the observation time 
(Table 2), including Staphylococcus xylosus (n = 134), 
Staph. chromogenes (n = 82), and Staph. haemolyti-
cus (n = 13), which were found on almost all farms. 
In contrast, Staphylococcus sciuri (n = 45) was only 
found on farms 11 and 19, with 42 isolates (93%) found 
on farm 11 (Table 2). Similarly, Staph. simulans was 
mainly observed on farm 19 (8 out of 9 isolates). Other 
NAS were also found on the different farms, but at 
low frequencies (Table 2). Each herd was characterized 
by a farm-specific intramammary colonization pat-
tern: Staph. xylosus and Staph. sciuri were the bacteria 
mostly found on farm 11, particularly at 1st sampling 
(Table 2, Figure 1). On farm 12, Staph. chromogenes 
and Staph. haemolyticus were predominant, whereas 
Staph. xylosus was the main NAS species on farm 15 
(Table 2). Farm 16 was characterized by the presence 
of Staph. chromogenes and Staph. xylosus, and the same 
2 species together with Staph. simulans were typical for 
farm 19 (Table 2). Considering the total NAS quarter 
prevalence per farm over the 9-mo observation period, 
a rather constant course was observed for farms 12, 
15, and 16, with median values of 6 (range = 4–7%), 
10 (4–14%), and 7% (4–9%), respectively (Figure 1). 

www.bruker.com
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A singular pattern was observed for farm 11, which 
showed a strong decrease from sampling 1 to sampling 
9 (55 to 10%, respectively; Figure 1). On the other 
hand, an increase of the total NAS quarter prevalence 
was observed for farm 19, which reached a value of 11% 
at sampling 9 after having started with a prevalence of 
zero (Figure 1). Considering all farms, a convergence 
toward 10% was observed for the total NAS quarter 
prevalence at the end of the sanitation program (Figure 
1).

To evaluate a possible association between the posi-
tivity for Staph. aureus GTB at a previous point in 
time, and colonization of previously GTB-positive cows 
by NAS, we traced back the GTB status of cows that 
were NAS-positive at the end of the sanitation program 
at sampling 9 (n = 50; Table 1). Out of these 50 cows 
colonized with NAS, 8 were GTB-positive at 1st sam-
pling, and 7 were from farm 19. The other 42 cows were 
GTB-negative before becoming infected with NAS at 
a later point in time and had never been treated with 
antibiotics during the sanitation time.

The present study shows that during and after GTB 
sanitation NAS are by far the most frequent IMI-causing 
bacteria, whereas Streptococcus spp., Enterobacteria-
ceae, and other bacteria play a minor role. The initial 
quarter NAS prevalence and its course was highly herd 
dependent, but it always reached a value of about 10% 
at the end of the sanitation program. In the case of farm 
11, we found a high NAS quarter prevalence (55%) at 
first sampling that decreased over time to 10% (Figure 
1, Table 2). This decrease was spontaneous and was 
not the consequence of antimicrobial treatment. It coin-
cided, however, with the fact that an automatic milking 
system was replaced by a conventional milking parlor 2 
wk before starting the sanitation program. In contrast 
to farm 11, no NAS were initially found on farm 19, 
but the total NAS prevalence ended up in 11% after 
9 mo. In between, 3 farms had rather constant NAS 
prevalence over time, fluctuating around 10%. Whereas 
in 4 farms we found no indication for recolonization of 
a probable intramammary niche opened by the eradica-
tion of Staph. aureus GTB, such a phenomenon could 
be supposed for farm 19 at first glance. Indeed, at sam-
pling 9, seven initially GTB-positive and successfully 
treated cows were NAS-positive. At the same point in 
time, however, 8 further cows (initially GTB-negative) 
were NAS infected as well. These results clearly dem-
onstrate that NAS infection on this farm was not a 
specific problem of previously GTB-positive cows, but 
a general one that was introduced by the farmer during 
sanitation.

The presence of an own, specific intramammary colo-
nization pattern in each herd is in accordance with the 
results by Supré et al. (2011), who found that species T
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distribution is herd-specific. With regard to the preva-
lence of different NAS species in mastitis milk samples, 
our results are in line with those reported in literature. 
Frey et al. (2013) also found Staph. xylosus, Staph. 
chromogenes, Staph. sciuri, and Staph. haemolyticus be-
ing the staphylococcal species most frequently isolated 
from Swiss bovine milk. Similar results were reported 
in both a Belgian and a Canadian study on bovine IMI 
(Supré et al., 2011; Fry et al., 2014). These findings 
are in line with our results and demonstrate, therefore, 
that the outcome of the present study corresponds to 
a standard situation that is independent on the GTB 
sanitation itself.

In conclusion, the present study demonstrated that 
GTB-infected cows treated with antibiotics remained 
free from recolonization with other bacteria during 
herd sanitation for Staph. aureus GTB. However, farm-
specific factors may promote the recolonization of the 
mammary gland by NAS (particularly Staph. chromo-
genes) in some cases. Overall, Staph. xylosus and Staph. 
chromogenes were the bacteria the most frequently iso-
lated from cow milk on the selected farms. In contrast, 
other NAS species and bacteria were rarely detected 
and, therefore, played a minor role as IMI pathogens 
in dairy herds undergoing sanitation for Staph. aureus 
GTB.
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Figure 1. Quarter prevalence course of non-aureus staphylococci 
(NAS) in 5 herds participating to a sanitation program for the conta-
gious mastitis pathogen Staph. aureus genotype B (GTB). The x-axis 
indicates the samplings, which were carried out at 3-mo intervals dur-
ing the observation period. The y-axis reports the total NAS quarter 
prevalence (all species together). Different line colors highlight the 
different farms: red (farm 11), blue (farm 12), green (farm 15), pink 
(farm 16), and turquoise (farm 19).
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