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Abstract

Background There are few data on the epidemiology of infections caused by Streptococcus bovis (Sb). Some studies suggest
that both residence in rural areas and contact with livestock could be potential risk factors.

Methods We performed a retrospective study for the period 2005-2016 of all cases of bacteremia caused by Sb in Galicia
(aregion in the northwest of Spain). The association between the incidence rate of Sb bacteremia and the number of cattle
by province and district was analyzed.

Results 677 cases were included with a median age of 76 years, 69.3% males. The most frequent infections were endocarditis
(234 cases, 34.5%), primary bacteremia (213 cases, 31.5%) and biliary infection (119 cases, 17.5%). In 252 patients, colon
neoplasms were detected (37.2%). S. gallolyticus subsp. gallolyticus was the predominant species (52.3%). Mortality was
15.5% (105 cases). The annual incidence rate was 20.2 cases/10° inhabitants and was correlated with the density of cattle
(p<0.001), but not with rurality. When comparing the two provinces with a strong predominance of rural population, but with
important differences in the number of cattle, such as Orense and Lugo, with 6% and 47.7% of Galician cattle, respectively,
the rates were very different: 15.8 and 43.6 cases/10%, respectively, with an RR of 2.7 (95% CI, 2.08-3.71). Some districts
of the province of Lugo had rates higher than 100 cases/10° inhabitants.

Conclusions Our study shows a significant correlation between the rates of Sb bacteremia and cattle density, suggesting a
possible transmission of Sb from cows to people.
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Introduction Currently, the clinical associations of the different species

within this complex are well known. S. gallolyticus subsp.

Streptococcus bovis and Streptococcus equinus were
described a century ago as the predominant streptococci in
the intestine of cows and horses [1]. Since then, several spe-
cies and subspecies have been described within this group,
currently called Streptococcus bovis/Streptococcus equinus
complex (SBEC) and there have been numerous changes
in its taxonomy and nomenclature that have been recently
revised [2].

The list of participating centers and researches in GESBOGA—
Study Group of Streptococcus bovis bacteremia in Galicia—has
been provided in Acknowledgements.

< R. Rabuiial
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gallolyticus or S. bovis biotype I (S. gallolyticus) is mainly
associated with endocarditis and colon neoplasms [3, 4].
The two species formerly classified as biotype II, now called
S. gallolyticus subsp. pasteurianus (S. pasteurianus) and S.
infantarius, have been associated with infections of the bil-
iary tract, urinary tract, meningitis, neonatal sepsis, liver
disease and non-colorectal cancer [5-9]. On the other hand,
recent studies suggest not only a clinical association of S.
gallolyticus with colorectal cancer, but a possible etiological
role in it [10, 11].

Unlike the clinic, the epidemiology of these infections is
poorly understood. There are important geographical dis-
parities in their incidence and types of infection [3, 5, 12],
although their causes are unknown. Some studies suggest
that rural populations would have a higher incidence than
urban populations [13—15]. The proportion of endocarditis
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and the incidence of bacteremia caused by SBEC are higher
in France and in some areas of Spain [16, 17]. The incidence
of bacteremia by SBEC is approximately four times higher
in Lugo (rural area) than in Barcelona (urban area) [17].
While in the whole of Spain endocarditis caused by SBEC
accounts for 6.5% of the total [18], in the Lugo area they
represent 25% [19].

SBEC causes diseases in wild animals, farm animals and
pets. Some of these diseases are similar to those produced
in humans, which could indicate a possible zoonotic origin
[20, 21]. A close contact with animals or the consumption of
their products could be the source of human infection, as has
been demonstrated in other streptococci, such as S. suis or S.
equi subsp. zooepidemicus [22, 23]. Given that members of
the SBEC are isolated in almost 100% of the cattle in their
rumen [24], we have postulated in a previous work [17] that
the high rate of cases of SBEC bacteremia in our area could
be due to the high density of cattle in our environment.

The objective of this research is to study bacteremia by
SBEC in our geographical area to analyze in a well-defined
population the possible differences in the incidence of bac-
teremia by SBEC during a defined period (2005-2016), and
if these differences can be related to rural habitat and contact
with the cattle.

Methods
Social and geographic scope

Galicia is an autonomous community located in the north-
west of Spain, in southern Europe (Fig. 1). It has an area of
29,574 km?, and at the midpoint of the study period (year

Fig. 1 Map of Galicia, showing
the division into urban, semi-

urban and rural areas
A Coruiia
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2010) it had 2,772,457 inhabitants. Administratively, it is
divided into 4 provinces, 53 districts and 315 municipalities
(Figs. 1, 2). The population is unequally distributed. One-
third of the population lives in an urban environment, and
the rest lives in rural or semi-urban areas. The two Atlantic
provinces, Pontevedra and A Coruiia, are the most popu-
lated, with a predominantly urban population and concen-
trated along the coast. The two provinces of the interior,
Ourense and Lugo, have a lower population density, which
lives mostly dispersed in rural areas, with greater dedication
to agriculture and livestock and with a high percentage of
the elderly population (Table 1). Galicia is one of the com-
munities with the highest rurality index in Spain [25]. Of the
315 municipalities, only 7 are urban (Fig. 1).

Galicia, with 2,407,000 tons per year, is the leading
autonomous community producing milk in Spain [26]
and the second largest producer of cattle, with a census of
963,368 cattle in 2010 (Table 2). The farms are small, 50.3%
of the more than 45,000 census farms have less than ten ani-
mals [27] and their geographic distribution is irregular, with
predominance in the central zone of the province of Lugo
(Fig. 2a). Since the land ownership regime is a smallholding,
contact between animals and humans has traditionally been
very close, with the animals living very close to the houses.

Definition of cases

More than 99.6% of our population is covered by the
National Health System, which in Galicia has 15 public
hospitals. Eleven microbiology services provide coverage
to these centers, with which we contacted to collect all blood
cultures positive for SBEC isolated between January 2005
and December 2016. The blood cultures were processed

Classification of districts
(municipalities)

B Urban (n=7)
] Semi-urban (n=63)
] Rural (n=245)
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Fig. 2 Distribution by districts of the density of cattle (a) and of the rate per million inhabitants of bacteremia by Streptococcus bovis (b)

Table 1 Population characteristics of the Galician provinces

Characteristics Orense  Lugo A Coruiia  Pontevedra
Population (2010) 331,649 351,000 1,138,107 951,701
Population> 64 years 29% 28% 21% 19%
% of rural or semi- 93% 88% 69% 54%

urban municipalities
% of farmers 4.8% 9.6% 3.1% 1.7%

according to the standard criteria applied to all the partici-
pating microbiology laboratories.

The clinical histories of all patients were retrospectively
reviewed, collecting clinical, epidemiological and microbio-
logical data. The definition of bacteremia and endocarditis
was made according to previously published criteria [17].
All the protocols were reviewed and validated by two inves-
tigators not involved in the care of the corresponding case.

The incidence rate was calculated, expressed as the num-
ber of cases/10° inhabitants, dividing the number of episodes
recorded within the study years by the population of each
district at the midpoint of the study period (year 2010). An
ecological study was also carried out using each district

as a unit of study. The municipalities of each district were
grouped into three subgroups depending on the rurality
index of each one. Data of the population census and num-
ber of head of cattle grouped by provinces and by district
were extracted from the Web page of the Galician Institute
of Statistics (http://www.ige.es) [27]. To classify the areas as
rural, semi-urban or urban, the classification of the rurality
index established by the Galician autonomous government
was used [25].

Statistical analysis

The quantitative variables were expressed as mean + SD.
The qualitative variables were expressed as absolute number
and its percentage. We calculated case rates, both global and
by different socio-demographic groups (such as province,
sex, age) and relative risks were computed. The association
between the rate of SBEC bacteremia cases per district and
the number of bovines was analyzed using the Spearman
correlation test.

A regression of generalized additive models (GAM)
with a Poisson response was performed to determine the
association between the number of cases and different

Table 2 Livestock, in numbers,

. T X Year 2009 Avian Porcine Ovine Equine Bovine Bovine/human
in Galicia by provinces relationship
A Corufa 1,386,500 305,011 30,535 6026 344,003 0.30
Lugo 3,580,000 225,177 57,149 8414 454,483 1.29
Orense 5,654,428 399,745 74,191 2931 61,200 0.18
Pontevedra 4,082,071 223,870 24,175 2689 112,554 0.10
Total 14,703,000 1,154,403 186,050 20,060 963,316 0.34
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socio-demographic factors. The number of cattle, the rate
of inhabitants over 65, the rate of men, the province of
origin and the rurality were introduced as explanatory
variables in the model. It was adjusted for the size of the
population by incorporating the logarithm of the number
of inhabitants as an offset term for the GAM model.

All analyses were performed with the statistical soft-
ware IBM SPSS Statistics 19.0 and R 3.3.2.

Table 3 Types of infection and underlying diseases associated with
Streptococcus bovis bacteremia

Number of cases (%)

Type of infection

Endocarditis 234 (34.5%)
Primary bacteremia 213 (31.5%)
Biliary infection 119 (17.5%)
Abdominal 44 (6.5%)
Urinary 27 (4%)
Others 40 (5.9%)
Underlying diseases
Diabetes mellitus 166 (24.5%)
Non-colorectal cancer 154 (22.7%)
Colorectal neoplasia® 252 (37.2%)
Cirrhosis 54 (7.9%)
Chronic renal failure 53 (7.8%)
Immunosuppression 52 (7.6%)
Mean =+ SD

Charlson comorbidity index 2.7+2.1
Age-adjusted Charlson comorbidity index 5.6+2.6

4Includes adenomas and carcinomas

Results
Basic demographic data

During the study period, 677 episodes were detected with
positive blood cultures for SBEC. There were 11 reinfec-
tions, occurring between 5 and 53 months after the first
episode, and 5 recurrences. The median age was 76 +13.3
years, and 69.3% were males. Only four cases were pediat-
ric (0.6%). Hospital admissions did not follow a seasonal
distribution, and the annual distribution ranged from 36
cases in 2005 to 81 in 2014, with a progressive increase
throughout the study, from 156 cases in the first 4 years to
almost double in the last 4 years (300 cases).

Clinical and microbiological data

The most frequent types of infection and the main underly-
ing diseases are reflected in Tables 3 and 4. Colonoscopy
was performed in 418 patients (61.7%), with neoplasms
found in 60.2% (252 cases).

In 119 cases (17.5%), SBEC was isolated in a single
blood culture and in the rest in two or more, all consid-
ered clinically significant. Identification at the species
level improved throughout the study period, so that dur-
ing the first 4 years of the study it was only carried out in
46.8% of the isolates (73/156), while in the last 4 years, it
was performed in 85.3% (256/300). S. gallolyticus subsp.
gallolyticus was the predominant species, with 52.3% of
cases. 24.2% of bacteremias (164) were polymicrobial,
with E.coli being the most frequent microorganism, with
76.2% of these cases (Table 4).

Table 4 Isolates of S. bovis by

Year S. gallolyticus S. infantarius S. gallolyticus Others* S.bovis group Total
year of study subsp. gallolyticus subsp. pasteurianus
2005 9 6 3 2 16 36
2006 16 2 1 1 26 46
2007 9 2 1 1 23 36
2008 11 5 2 2 18 38
2009 6 2 4 1 30 43
2010 5 4 3 3 31 46
2011 19 4 9 2 28 62
2012 14 27 2 0 27 70
2013 28 14 6 2 20 70
2014 45 8 14 3 11 81
2015 35 17 18 1 7 78
2016 30 19 14 2 6 71
Total 227 110 77 20 243 677

8. equinus (5), S. alactolyticus (1) and S. bovis biotype 1I (14)
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Geographic distribution of cases

Only 2 cases were from outside the community. The distri-
bution of cases according to the place of residence followed
a distribution similar to that of the Galician population, with
226 cases being urban (33.4%) and rural or semi-urban: 449
cases (66.6%), with a rate of 18.8 and 20.8 cases/10° inhab-
itants, respectively (p=0.219). The overall rate was 20.2
cases/10° inhabitants, and in patients older and younger than
14 years, it was 22.8 and 1.0 cases/10° inhabitants, respec-
tively (» <0.001). The rate among men was 28.9 cases/10°
inhabitants, while among women it was 11.5 cases/10°
inhabitants (p <0.001).

In terms of spatial distribution, significant differences
were obtained in the case rate by province (p <0.001),

Table 5 Bacteremia by Streptococcus bovis

Comparison RR P

Lugo-A Coruiia 2.12 (1.76-2.55) <0.001
Lugo—Orense 2.76 (2.08-3.71) <0.001
Lugo—Pontevedra 3.39 (2.73-4.22) <0.001
A Coruiia—Orense 1.30 (1.01-1.72) 0.056
A Coruiia—Pontevedra 1.60 (1.31-1.96) <0.001
Pontevedra—Ourense 0.81 (0.61-1.10) 0.183

Rates for 10° inhabitants and relative risks by province

RR relative risks of the first province with respect to the second

with Lugo (almost 50% of Galician cattle) being the
province with the highest relative risk compared to the
other three (Table 5). Corufia also has a greater risk over
Ourense and Pontevedra. The eight districts with the high-
est rate of cases were from the province of Lugo, ranging
from 46.3 to 109 cases/10° inhabitants, in the Fonsagrada
district. This district had a ratio between cattle/humans of
2.8, surpassed only by the district of Meira (ratio 3.1). Of
the five districts with the lowest case rates, four were from
the province of Orense (only 6% of Galician cattle), rang-
ing from O to 5.6 cases/10° inhabitants. The distribution
of cases by districts is shown in Fig. 2.

Regarding the ecological study, the association of the
different socio-demographic factors with the ratio of the
number of cases using a GAM regression model is rep-
resented in Fig. 3. The association between the number
of cattle and the number of cases has a positive tendency
(p <0.001). The association with the male rate is not sig-
nificant (p =0.186), while with the rate of over 65 years, it
does not have a clear effect, although it presents a positive
trend. No significant differences were observed between
the rural and non-rural areas (p=0.175), and among the
provinces, Lugo was obtained as a significant risk factor
(»=0.002).

s(Log_Cattle,1./8)
05
s(Over65_rate,6.84)
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s(Men_rate, 1)
0
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Men_rate

Fig. 3 Estimated associations (95% CI) between the number of cases and socio-demographic factors
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Discussion

There are few multicenter studies on bacteremia by SBEC. A
limitation of them is that they provide few cases or include
few centers, they are not population studies, they analyze
mainly urban populations or they are limited to a partial
aspect of bacteremia, such as endocarditis [9, 16, 17, 28, 29].
The strength of our study is that it analyzes a wide series
of cases, compiled from many hospitals of different health
levels that include a well-defined population, with a strong
rural predominance, and that covers almost 100% of the
population. Furthermore, it contemplates all types of bac-
teremia caused by SBEC, not just endocarditis. This allows
us to exclude possible biases and give us a broad view of
the clinical spectrum and the epidemiology of the disease.
Our patients are of more advanced age, and with a lower
percentage of pediatric cases than in other studies [3, 5-7].
As in other previous studies [15, 17], the number of cases
has progressively increased throughout the study period. We
do not know the reasons, but the increase in the average
age of the population (it increased in 2 years throughout the
study) and, on the other hand, a greater awareness on the
part of the microbiology laboratories in the correct identi-
fication of streptococci isolated in blood cultures may have
contributed to this. Within the SBEC, S. gallolyticus was
the predominant species, doubling and tripling the number
of S. infantarius and S. pasteurianus, respectively. Due to
this, endocarditis and colon neoplasms were the most fre-
quent clinical associations [30]. In other studies, in which
the predominant species is S. pasteurianus, the underlying
infection and pathology types are markedly different [5-7].
We found a significant correlation between the density
of cattle and the incidence of SBEC bacteremia cases. The
rates were much higher in Lugo than the rest of Galicia.
When we compared the provinces of Ourense and Lugo,
both with a predominance of rural population and a high
proportion of the elderly, the differences in bacteremia rates
were marked: 15.8 vs. 43.6 cases/10%, respectively. Lugo has
47.7% of Galician cattle and Ourense 6%, although the latter
is nevertheless the Galician leader in sheep, pigs and poultry.
Our rates are difficult to compare with other studies in
our country, given that there are no population studies [9,
28, 31]. In a multicenter study conducted in Andalusia,
which includes a period of 9 years and seven hospitals
with a high reference population, the number of cases was
92, much lower than our 677 [28]. However, in a French
population study on endocarditis [13], the rate per 10° in
adults ranged from 11.6 in Ille de France, an urban area,
and 26.8 in Marne, a rural area. These figures are higher
than the Galician average, which was 7.7, but somewhat
lower than the rate of the central Lugo area, which was
28.3, and it includes 78% of the cattle of the province [27].

@ Springer

We do not know the reason for these differences, but a
recent study analyzed the risk factors of intestinal colo-
nization by S. gallolyticus in humans [32]. It showed a
significant association with close contact with animals and
the use of manure as fertilizer, but not with rural residence.
Although the route of SBEC transmission and its poten-
tial zoonotic potential is unknown, a case of a farmer has
recently been published, with an endocarditis caused by
S. gallolyticus, in which the same clone has been isolated
in the chickens of his farm [20]. These authors explain
the possible mechanisms of transmission between animals,
and from animals to man, through contaminated surfaces,
dust and inhalation or ingestion of bioaerosols [20]. These
findings could suggest that in rural areas with high den-
sity of cattle, such as Lugo and some areas of France,
which are among the maximum producers of beef and
milk from Spain and the European Union, respectively [26,
33], there could be a transmission of animals to humans,
which would justify these higher rates of SBEC infection.
In addition to cattle density, the cattle/human ratio may
be important, which in eight Galician districts (7 of them
in Lugo) oscillate between 2.2 and 3.1. This percentage is
close to that of Uruguay, one of the world leaders in the
number of bovines, and within them, the first in the rela-
tionship between cattle and inhabitants, which is 3.2 [33].

Another fact that could support our hypothesis is the
high incidence in the province of Lugo of tuberculosis
caused by Mycobacterium bovis. This zoonosis is trans-
mitted to humans mainly by cattle or by the ingestion of
their products. While in the rest of Galicia, M. bovis was
the cause of 0.64% of tuberculosis, with a rate of 2.1/10°,
in Lugo it caused 4.7%, with a rate of 9.5/10° (8 and 4.5
times higher, respectively) [34]. Taken together, all these
data suggest a causal relationship of cattle density with
infections caused by Mycobacterium bovis and Strepto-
coccus bovis.

Of the three species of SBEC that usually produce
infections in humans, S. gallolyticus was the predominant
species in our study, and S. pasteurianus the least frequent.
In other studies conducted in other European countries
in which there is a significant amount of cattle, also S.
gallolyticus was the species that was isolated more fre-
quently [12, 13, 35]. It is probable that in these areas and
in ours, this type of animals are the main reservoir of S.
gallolyticus, since it is capable of metabolizing a wide
range of complex carbohydrates and of detoxifying toxic
substances that are found in the rumen of cattle. The com-
parative study of the genome of S. gallolyticus with S.
pasteurianus and other members of the SBEC shows that
the latter have lost pathogenicity mechanisms and would
be less adapted to the intestine of ruminants [36-39]. In
geographical areas with a low amount of cattle, such as
some countries of East Asia, S. pasteurianus produce the
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majority of the bacteremia caused by SBEC [5-7], so the
reservoir and transmission mechanisms are probably dif-
ferent from those found in some European countries.

Although we have found a strong correlation between
the rate of bacteremia by SBEC and cattle, our data have
to be interpreted with caution since our study has several
limitations:

First of all, it is an ecological design study. These stud-
ies are very interesting, but they are very exposed to biases,
called “ecological fallacy”. In general, they serve to generate
hypotheses, but we must be very cautious with the conclu-
sions obtained from them, although given the close relation-
ship of the SBEG with ruminants in general and with cattle
in particular, our hypothesis seems totally plausible.

Secondly, it is a retrospective study, so it was not possible
to analyze possible individual risk factors, such as contact
with livestock, as a possible means of transmission. How-
ever, in certain areas of Galicia, contact with cattle is very
common among the rural population.

Third, we have only examined the possible relationship
of the infections caused by the SBEC group with cattle, but
not with other types of animals or food. In a study conducted
on farms in Germany, 91% of turkeys were colonized by
S. gallolyticus [40], so transmission to humans could also
be through birds. On the other hand, other members of the
SBEC group such as S. macedonicus have been isolated
in some varieties of Greek cheese [41] and in other types
of cheese from southern European countries. In addition,
different members of the S. infantarius group have been
isolated in fermented foods, such as dairy products, cere-
als or fish in several areas of Africa, Mexico, Bangladesh
or Thailand [21, 42]. These foods could be a hypothetical
transmission mechanism.

Fourth, the methods of microbiological identification
were not the same in all the hospitals, and in the same hos-
pital they varied over the years. Although in the last years
of the study period, most of the SBEC isolates were identi-
fied at the species and subspecies level in almost all the
participating hospitals, during the first years this was not
very frequent. The recent introduction of MALDI-TOF in
Galician hospitals may have contributed to this. It is very
important that the microbiology laboratories, both medical
and veterinary, as well as food control, correctly identify the
members of the SBEC, differentiating the different species
and subspecies according to the current taxonomy [31, 43],
to determine with greater precision if there are differences
in the epidemiology between the species that make up the
SBEC. This also has important health implications: on the
one hand, they can help us diagnose very serious diseases,
such as endocarditis or intestinal cancer [4, 30] and, on the
other, know the biosecurity of foods, given that there are
bacteria involved in their fermentation and are consumed by
millions of people in the world [21, 39]. They also produce

diseases in livestock that cause significant economic losses
[21].

Finally, to confirm our hypothesis, studies of the intestinal
microbiota of animals and humans are necessary to establish
whether they share the same species and the same clones.
The MSLT (multilocus sequence type) could be a powerful
tool to investigate the transmission of zoonotic pathogens
[44]. Previous studies suggest that there are specific clones
of animals and humans and others shared by both and could
explain the possible mechanisms of transmission between
animals and from animals to man [21].

In conclusion, our study demonstrates important dif-
ferences in the incidence rates of SBEC bacteremia cases
among predominantly rural population areas, and for the first
time, plausibly suggests a relation of these with the density
of cattle. More studies are needed to confirm this apparent
zoonotic potential of SBEC.
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