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Abstract

The paper provides a chronological review and analysis of the sensitivity test results for pathogenic
strains of Escherichia coli isolated from pigs to the most commonly used antimicrobial drugs (AMD) in
veterinary medicine for the period of 2006 — 2015.

The sensitivity of E. coli strains expressed in percentages from 51 to 100% in 2006-2010 was found
to be within the range of 9-10 (37.5-47.6%) AMD, and in 2011- 2015 in the range of 5-11 (average 33.3%)
AMD. The resistance of E. coli strains expressed in percentages from 51 to 100% in the first 5 years (2006
- 2010) rangedwithin 7-8 (33.3%) AMD, and during the period of 2011-2015 was within the range of 5 to
11 (33.3-41.7%) AMD.
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Pe3rome

B crarusita ce npaBu XpOHOJOTHYEH MPETIE] U aHAJIU3 Ha Pe3yJITaTUTE OT U3MUTBAHUATA 33 YyBCT-
BUTEJIHOCT HA U30JMPAHU OT MpaceTa MaToreHHu mamose Escherichia coli xbM Hali-uecTo ynoTpedsBaHU
BbB BETEpUHAPHOMEAMIIMHCKATA IIPAKTHKAa aHTUMUKpoOHU cpeactBa (AMC) 3a nepuona 2006 — 2015 1.

YcraHoBeHO €, ue YyBCTBUTEIHOCTTA Ha mamoBete E. coli, uzpazena B crenex ot 51 1o 100% mpes
2006 — 2010 roguHa ce kU B rpanunute Ha 9-10 (37.5-47.6%) or AMC, a nipe3 nepuona 2011-2015 .
B rpanunuTte Ha 5-11 (cpenno 33.3%) or AMC. Pe3uctentHocTTa Ha mamMoBeTe E. coli, u3pa3eHa B CTENEH
ot 51 o 100% npe3 mbpBuUTE 5 TONMHU ce ABUKH B pamkuTe Ha 7-8 (33.3%) ot AMC, a npe3 nepuona
2011-2015 r. B rpanunure ot 5 1o 11 (33.3-41.7%) ot AMC.

YcranoBeno e, ye nipes nepuoaa 2006-2015 r. ce 3ama3Ba TeHICHIIUTA 32 TOBUIIABAaHE HA PE3UCTEHT-
HOCTTa Ha mamoBeTe E. coli, u3oaupaHu OT mpacera, CIpsMo peructpupanara npes nepuoga 2003-2005
I, KbM aMOKCULIWIMH, aMIIMLWINH, CIIEKTUHOMUIMH, CTPENTOMHIIMH, OKCUTETPALIMKIINH, TOKCULIUKINH,
THUJIMUKO3WH, €PUTPOMUIINH, JIMHKO-CTIEKTHH, THAMYJIMH ¥ HAJIMIUKCOBA KUCEITHHA.

3a mbpBU BT PE3UCTEHTHU E. coli maMoBe KbM anpaMHILIMH, TUIMUKO3HUH, THJIBAJIO3UH, HAIUIUK-
COBa KUCellnHa, (JIyMEeKBHH, eHpO(IOKCAIH U nedokcanut, ca peructpupanu npe3 2006-2010 1. u kbM
11e(PKBUHOM, IIeOTaKCHM, KOIUCTHH U (ropdennxon npe3 2011-2015 r..

AHanM3upar ce eBeHTYaJHUTE MPUYMHU U CE MPENOPHUBAT MEPKH 32 HEAOMyCKaHe U OrpaHuYaBaHe
pa3npoCTpaHEHUETO Ha PE3UCTEHTHH E. coli mamoBe.

Introduction

Definition of colinfections

The group of colinfections combines sever- by various members of the species Escherichia coli
al clinically manifested diseases and subclinical- (Dimitrov, 1988; Bertschinger et al., 1992; Popova,
ly occurring infections, most commonly affecting  2009).
newborn and growing animals and humans, caused
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Colibacteriosis (CB), such as colienteritis and
edema disease of pigs

Colibacteriosis is one of the most widely
spread diseases in suckling and growing pigs in all
countries with advanced pig breeding. The disease
is widespread both in traditional and industrial pig
farms and causes great economic damage, entail-
ing serious problems for the sub-sector (Yordanov,
1982; Dimitrova, 2009; Dragoycheva et al., 2011;
Yordanov, 2014; Dimitrova et al., 2014; Petkova
and Yordanov, 2016; Petkova, 2017).

Out of 501 samples from pigs with gastroen-
teritis in the period 2003-2005, Dimitrova (2009)
obtained 245 isolates in the assay, 22.8% of which
were E. coli.

In the next period (2006-2010), Dragoycheva
et al. (2011) examined 335 samplesfrom pigs with
diarrhea and in 129 cases (38.5%) isolated enter-
opathogenic (EPEC), enterotoxigenic (ETEC) and
enterohaemorrhagic (EHEC) E. coli strains, more
often from industrial complexes (45.2 %) and less
often from traditional farms (37.8%) and private
farms (36.6%), the average rate rising from 31.9%
in 2006 to 58.6% in 2009. Lyutskanov (2012; 2013)
and Petkova et al., (2014) found that the incidence
of coli-infections in intensive pig production in
2012-2014 was 100%, and Petkova (2017) report-
ed that in the period 2011-2015, coli infections in
pigs in our country were caused by members of 12
hemolytic and non-hemolytic serogroups, of which
strains 0157, 0149, 020 and O74 were dominant,
and strains O8, 09, O74 and O78 were accepted as
new, reported in 2014.

Use of antimicrobial agents

In cases of CB in pigs, the antibiotics strep-
tomycin, neomycin, apramycin, spectinomycin and
chloramphenicol were used in the past with good
effect, but as some E. coli strains acquired resist-
ance against them, the aminoglycosides gentamicin,
kanamycin and amikacin; amphenicols - florfenicol
and thiamphenicol; quinolones - nalidixic acid, ox-
olinic acid and flumequine became more relevant
in the following years (Courvalen, 1994; Dunlop
et al., 1998; Yordanov et al., 1999; Plumb, 2002;
Popova and Dimitrov, 2001; Yordanov et al., 2005;
Sc¢uca, 2005; Popova, 2009; Vesti¢, 2012), and
second- and third-generation fluoroquinolones ac-
tive against a large number of gram-negative and
gram-positive bacteria: ciprofloxacin, norfloxacin,
pefloxacin, enrofloxacin (accepted as the "gold
standard"), marbofloxacin and orbifloxacin (Kan-
tardzhiev, 1998; Dimitrova et al, 2005; Popova and
Todorov, 2008; Dimitrova, 2009; Dimitrova et al.,
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2011; Popova, 2013; Dimitrova et al., 2014). There
is no resistance to fluoroquinolones just yet or re-
corded resistance is very low, which is why they are
referred to as strategic therapeutics (Georgiev et al.,
2010; Lyutskanov, 2012; Fraile, 2013; Yordanov
and Dimitrova, 2014; Petkova and Yordanov,
2016). In pig farms with permanent CB, in addi-
tion to the therapeutic course, metaphylactic course
of therapy is applied using medicated (antibiotic)
premixes, such as Colistin-premix, Nipoxim-pre-
mix, Fenivex-premix, Floron-premix, Oxytetracy-
cline-premix, Tetramutin-premix, etc. ffor treat-
ment of whole batches of pigs (Yordanov, 2014;
Dimitrova, 2009; Lyutskanov, 2013; Dimitrova et
al. 2016; Petkova, 2017).

Occurrence of resistant E. coli strains

The occurrence of resistant E. coli strains is
associated, on the one hand, with the frequency
of occurrence of genetically modified individuals
(mutations) and, on the other hand, with the wide-
spread use of certain antimicrobial drugs (AMD)
(Dimitrov et al., 1984; Courvalen, 1994). Many of
the agents used have already exhausted their ca-
pabilities due to the rapidly evolving resistance of
microorganisms, which requires particular care in
their selection (Dunlop et al., 1998; Habrun, 2010).
According to Drumev (2001) and Friendship and
Fraile (2013), both the poor choice of antimicrobial
agents (AMCs) and antibiotic prophylaxis without
a definite indication contribute to the development
of resistance in microorganisms.

Antimicrobials used in productive animals in
Europe are often the same, or belong to the same
classes as those used in human medicine. Therefore,
antimicrobial resistance (AMR) is a major undesir-
able side effect of AMD use both in humans and
animals. In this regard, some E. coli strains are an
example of zoonotic bacteria that can be ingested
by humans with food of animal origin (Close et al.,
2000; Zaharieva and Vassileva, 2019). According to
Bosch (2004), even with the best management, pigs
remain susceptible to bacterial infections, so the use
of AMD will remain an integral part of their con-
trol, but this requires control of circulating E. coli
strains and changes in their susceptibility to AMD.

In any event, the use of AMD should be based
on the proven sensitivity of the isolated pathogenic
strains to them (Drumev, 2001; Dimitrova, 2009;
Georgiev et al., 2010; Lyutskanov, 2012; Yordanov
and Dimitrova, 2014; Dimitrova et al., 2014; 2016).
According to Mos et al. (2010), the disk diffusion
method (DDM) is reliable in antibiotic testing, eas-
ily feasible and effective, and its results are compa-



rable to those of minimal inhibition concentration
(MIC).

Results of E. coli susceptibility tests in previous
periods

At the beginning of the new century, Dimi-
trova (2009) examined the susceptibility of E. coli
strains isolated from pigs from different farms
during the period 2003-2005, finding a sensitivity
higher than 50% to: gentamicin 77.8%, sulfameth-
oxazole + trimethoprim (SMZ+T) 75%, pefloxacin
66.7%, kanamycin and streptomycin 55.6% and
flumequine 50%. At the same time, resistance over
50% was demonstrated to erythromycin and lin-
co-spectin 100%,0xytetracycline 80%, tylosin and
tiamulin 75%, spectinomycin and nalidixic acid
60%, and doxycycline and tilmicosin 50%.

In a comparative susceptibility test for 16
AMD with 32 E. coli strains isolated from pigs in
2005, Yordanov et al. (2005) found that 75% of the
strains were sensitive and 18.7% were moderately
sensitive to enrofloxacin. Similar sensitivity (81.2%
and 6.3%) was reported only for gentamicin and to
some extent for kanamycin and flumequine. Signif-
icantly high resistance to other agents was found:
amoxicillin 100%, streptomycin 73.4%, tetracy-
cline 66.6%, ampicillin 65%, spectinomycin 60%.
It was confirmed that there was no cross-resistance
between enrofloxacin and representatives of other
antibiotic groups, as some of them, considered to be
effective until recently, have been reported to have
high resistance.

Gin et al. (2015) found that AMR was of-
ten detectable among E. coli isolates in cases of
post-weaning diarrhea of pigs (PWD) in France.
The highest percentage of resistant ETEC isolates
was found to amoxicillin (58.97%) and spectino-
mycin (48.08%), followed by apramycin (38.46%),
neomycin (37.18%) and gentamicin (14.74%).
Only 1.92% of the isolates were resistant to ceftio-
fur and none to amikacin and enrofloxacin. Increas-
inglylowersensitivity to colistin has been reported.
In fattening pigs, the highest levels of AMR were
found for tetracycline (52.1%), sulfamethoxazole
(SMZ) (42.4%), ampicillin (38.5%) and trimeth-
oprim (32.2%), with only 39.2% of E. coli isolates
fully sensitive to the range of AMD tested.

Purpose of the review.

We set out to do a chronological review and
analysis of the results of investigations on E. coli
pathogenic strains isolated from pigs in Bulgaria
for sensitivity to the most commonly used antimi-
crobial agents in the period 2006 - 2015.
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Results and Discussion
Survey for the period 2006 — 2010

In a pig-breeding complex with intensive
exploitation of the breeding herd

Forty-one E. coli strains from 6 serogroups,
relevant to both the complex and the country, were
isolated from suckling and weaned pigs (Dimitrova
et al., 2014). The isolated strains were tested for
susceptibility to 20 AMD. A sensitivity of more than
50% to 10 AMDs (47.6%), respectively to amino-
glycoside agents (amikacin 75-60%; gentamicin
and kanamycin 62.5-60%; streptomycin and apra-
mycin 50%); fluoroquinolones (enrofloxacin 62.5-
100% and pefloxacin 62.5-80%); quinolones (na-
lidixic acid and flumequine 50%); and SMZ+T
50-50% was recorded. High resistance, over 50%,
was reported against 7 (33.3%) AMC: ampicillin
75-80%; oxytetracycline 50-60%; doxycycline —
75-60%:; tylosin 62.5-60%; erythromycin 60-60%,
spectinomycin 62.5-60%, and streptomycin 50%
(Tables 1 and 2).

The analysis of the data revealed that, with the
exception of amikacin and kanamycin, the strains
were resistant against all other AMD. For the first
time, strains resistant to nalidixic acid, flumequine,
pefloxacin and enrofloxacin were reported. These
results are close to those found by Dimitrova et al.
(2011) and are in line with the opinion of Drumev
(2001) that both the poor choice of AMD and an-
timicrobial prophylaxis without definite indication
contribute to the emergence of resistance in micro-
organisms.

In industrial pig complex

Forty-seven E. coli strains isolated from in-
dustrially farmed pigs between 2006 and 2010
showed high sensitivity to 9 (37.5%) antibiotics
in susceptibility testing conducted by Dimitrova et
al. (2011) with 24 AMD: florfenicol (87.5%), en-
rofloxacin (76%), pefloxacin (78.7%), cefquinome
(71.4%), gentamicin (68.3%), flumequine (62.5%),
kanamycin (55.6%), amikacin (51.9%) and SMZ+T
(52.9%); average sensitivity to: apramycin (80%),
tilmicosin (53.1%), ampicillin (44.8%), oxytet-
racycline (44.4%), colistin (41%) and amikacin
(40.7%), and the highest resistance to 8 (33.3%)
of the agents: linco-spectin (100%), tylvalosin
(95.4%), oxytetracycline (87.9%), tylosin (80%),
doxycycline (68.42%), spectinomycin (60%) and
nalidixic acid (60 %).No resistance to enrofloxacin,
florfenicol, and cefquinome was recorded.

The data are largely in line with the findings
of Yordanov et al. (2005) and it is noteworthy that



Table 1. Sensitivity of E. coli strains, isolated from pigs in 2006 — 2015 in degree from 51 % to 100%

to used AMD

2014 2015

Antimicrobial
drugs
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2014
Yordanov
Petkova
2017

+

Amikacin

Apramycin

Gentamicin

+ [+ |+ |+

Kanamycin

+ [+ |+ |+

+ [+ |+ |+
+ [+ |+ [+
+ [+ |+ |+

Spectinomycin

Streptomycin

Amoxicillin

Ampicillin

O |00 ([N |O\|[UT | |W ([N |-

Oxytetracycline

—
(=]

Doxycycline

—_
—_

Cefquinome

Ju—
\8}

Cefotaxime

—
w

Erythromycin

—_
S

Tylosin

Tilmicosin

—
O3}

—
@)}

Tylvalosin

—
~N

Linco-spectin

—
oo

Colistin

Florfenicol

—
\©

[\
o

Nalidixic acid

o
—

Flumequine

Enrofloxacin

[\
[\

+ |+ |+ [+

[\
(O8]

Pefloxacin

)
~

Ciprofloxacin

Norfloxacin
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Tiamulin
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Num.| 10 9 8

10

11 11 11

% | 47.6 | 37.5 | 81.8 | 66,7

58.8

458 | 45.8 | 42.3 20 333 | 334 | 269

Dim. + - Dimitrova et al. (2014)

some ETEC strains in pigs are no longer sensitive
to tetracyclines, macrolides and linco-spectin. What
is striking is the rather high percentage (53.1%) of
medium-sensitive strains to tilmicosin, unlike the
other members of the group, which is in support of
what was already established by Dimitrova (2009).
The information about high resistance (60%) to na-
lidixic acid and spectinomycin is disturbing.
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In industrial pig complexes and pig farms from
different regions

In studies on colibacteriosis in suckling and
growing pigs in intensive pig production, Lut-
skanov (2013) tested the susceptibility of E. coli
strains isolated in the period 2006-2010 to 11 of the
most commonly used AMD, and found that with
the exception of doxycycline, to all others, it ranged
from 66.9% to 96.7%, as follows: amoxacillin and



Table 2. Resistance of E. coli strains, isolated from pigs in 2006 — 2015 in degree from 51 % to 100%

to used AMD

2014 2015

Antimicrobial
drugs

Petkova +
2014
Yordanov
Petkova
2017
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% | 40 292 [ 9.1 33.3

29.4

375 | 37.5 | 375 36 542 | 42.3 | 46.1

gentamicin 75.6%, neomycin 78%, spectinomycin
66.9%, tetracycline 83.4%, colistin 93.1% , flum-
equine 86.4, enrofloxacin 87.9%, and florfenicol
83.4%. The data differ from the results of Yordanov
et al. (2005) and Dimitrova (2009), which may be
due both to the origin of the isolates and to the an-
timicrobial agents and regimens used in the respec-
tive farms.

13

Survey for the period 2011 — 2015

In pig complex with total replacement of the
breeding herd

In 2010, in pig-breeding complexes with in-
tensive exploitation, after total replacement of the
breeding herd with gilts from only one reproduc-
tive base (RB), 10 E. coli strains were isolated from
two serogroups, one of which was new, and in 2011



19 strains were isolated from 4 serogroups, 3 of
which were new to the complex (Dimitrova et al.,
2014). Of the 12 (66.7%) E. coli strains tested,
8 (72.5%) were more than 50% sensitive to:
amikacin 80-100%; gentamicin 40-100%; kanamy-
cin 40-85.7%; cefquinome 80-85.7%; cefotaxime
60-85.7%; florfenicol 80-42.9%; enrofloxacin and
pefloxacin 40-100%. Evidently, with the exception
of florfenicol, sensitivity to the rest of AMD was
increased. Over 51% of the strains were resistant
to 7 kinds (58.3%) of AMD: streptomycin 60-
42.9%; spectinomycin 60-14.2%; ampicillin 80-
71.4%, oxytetracycline and doxycycline 60-42.9%;
erythromycin 80-71.4% and tylosin 50-42.5%. It
is evident that the resistance of all strains reported
in 2013 was reduced compared to that established
for 2012, with more than 50% for ampicillin and
erythromycin alone. These results are likely to have
been achieved through the repair of the breeding
herd and the replacement of circulating strains, as
well as the measures implemented for this purpose
recommended by Binek ef al. (1994), Courvalen
(1994), Drumev (2001) and Fraile (2013).

In a semi-industrial pig farm with import of
replacement pigs and fattening pigs from Western
Europe in 2012-2013

Dimitrova et al. (2013) isolated from healthy
and diseased pigs 37 strains of E. coli from 7 sero-
groups, of which O8, 0157, 0136 and 020 were
dominant. When tested for sensitivity to 17 AMD,
a sensitivity of 51 to 100% was found to 10 (58.8%)
AMD: aminoglycosides (amikacin, kanamycin,
gentamicin, apramycin), quinolones (flumequine),
fluoroquinolones (enrofloxacin, ciprofloxacin), am-
phenicols (florfenicol) and SMZ+T, which corre-
sponds to their pharmacological characteristics but
also shows some decrease due to their widespread
use during that period. Resistance data show that
out of 17 AMD, one was found in 9 (53%) of them,
and more than 50% in 5 kinds (294%) of AMD:
oxytetracycline (90%), streptomycin (90%), amox-
icillin (85%), tilmicosin (70%) and tiamulin (70%).
Oxytetracycline, colistin and especially streptomy-
cin (90%) are considered to be an indicator of ac-
quired resistance.

Resistance of E. coli strains in weaning pigs from
different regions in 2011-2015

In a longer study on the sensitivity of E. coli
strains isolated from pigs in the period 2011-2015,
Petkova (2017) found that out of the 24 AMD used,
the numberand the corresponding percentage of
susceptible and resistant strains varied in differ-
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ent years. In 2011, isolates were 51%-100% sen-
sitive to 7 (29.2%) AMD: gentamicin, kanamycin,
amikacin, florfenicol, enrofloxacin, pefloxacin and
SMZ+T, and resistant to 5 (20.1%) AMD; in 2012,
they were sensitive to 11 (45.8%) of the agents:
gentamycin, kanamycin, apramycin, amikacin,
cefquinome, cefotaxime, florfenicol, enrofloxacin,
pefloxacin, norfloxacin and SMZ + T, and resist-
ant to 8 (33.3%); in 2013, they were sensitive to 11
(45.8%) AMD: gentamicin, kanamycin, apramycin,
amikacin, cefquinome, cefotaxime, florfenicol, en-
rofloxacin, pefloxacin, norfloxacin and SM + T, and
resistant to 7 (29.2%). In 2014, they were sensitive
to 6 (25%) of the AMD: gentamicin, amikacin, flor-
fenicol, enrofloxacin, norfloxacin and SMZ + T,
and resistant to 9 (37.5%), and in 2015 sensitive
to 7 (29.2%) AMD: gentamicin, kanamycin, amik-
acin, florfenicol, enrofloxacin, pefloxacin and nor-
floxacin, and resistant to 11 (45.8%).

In summary, from 2011 to 2015, isolated E.
coli strains were sensitive to 20 (83.3%) of the
24 AMD used, but 51%-100%-resistant only to 8
kinds (33.3%): gentamicin, kanamycin, amikacin,
florfenicol, enrofloxacin, pefloxacin, norfloxacin
and SMZ + T, of which amikacin, kanamycin and
SMZ + T are rarely used in veterinary medicine. At
the same time, there was resistance to 22 (91.7%)
AMD, of which 51%-100%-resistant to 10 (41.7%):
ampicillin, amoxicillin, spectinomycin, oxytetracy-
cline, doxycycline, erythromycin, tylosin, tilmico-
sin, nalidixic acid and tiamulin, which is 8.4% more
than the sensitive and is a worrying trend in the de-
velopment of antimicrobial resistance of pathogen-
ic E. coli in pigs. The data confirm the findings of
GavrociC et al. (2011) that 50% of strains isolated
from pigs show multiple resistance and are in line
with the findings by Courvalent (1994) and Popova
(2013) that there is an increasing resistance of some
of the strains to AMD. The opinion of some authors
(Drumev, 2001; Dunlop et al., 1998; Georgiev
et al., 2010) confirms that, in addition to genetic
changes, the poor selection of antimicrobial agents
and their unnecessary use for no definite indication
or in inappropriate doses and courses contribute to
the emergence of resistance in bacteria.

Surveys for 5 consecutive years, 2011 — 2015
Sensitivity studies of 62 intestinal E. coli
strains isolated from pigs conducted by Yordanov
et al. (2016) showed that in 2011 the strains were
most sensitive to 7 AMD: enrofloxacin (100%),
pefloxacin and florfenicol (80%), followed by gen-
tamicin, kanamycin, amikacin and SMZ + T (60%).
The highest rates of resistant strains were found to



6 AMD: ampicillin (80%), oxytetracycline, doxy-
cycline, erythromycin, tylosin, and spectinomycin
(60%). In 2012, the E. coli strains tested were sen-
sitive to 9 of the agents: amikacin (93.3%), norflox-
acin, cefquinome, SMZ + T and florfenicol (80%),
followed by kanamycin (73.3%), gentamicin, enro-
floxacin and pefloxacin (66.6%). Most frequently,
E. coli continued to be resistant to 8 AMD: ampicil-
lin, oxytetracycline, erythromycin and spectinomy-
cin (80%); tiamulin (70%) and doxycycline, tilmi-
cosin and streptomycin (60%). The established re-
sistance, though still low (6.7%), to the members of
the quinolone and fluoroquinolone groups and, for
the first time, to florfenicol, is of concern because
these data differ from older results by Yordanov
et al. (1999) about the absence of strains resistant
to flumequine and florfenicol. These results con-
firm the opinion of Binek et al. (1994) that some
antibacterial agents have exhausted their capabili-
ties and there is a need to fight in two directions:
against the possibility of emergence of resistance
and against already existing resistance (Drumeyv,
2001; Georgiev et al., 2010; Vesti¢, 2012; Fraile,
2013). The data for 2013 show increased sensitivity
of E. coli to 9 of the AMD used: amikacin (100%),
gentamicin, kanamycin, enrofloxacin, pefloxa-
cin and cefquinome (85.7-88.2%); to cefotaxime
and apramycin (65%) and retention of norfloxacin
(80%), which is most likely due to the imposed re-
striction on the use of some of them. Some decrease
in sensitivity was found for SMZ + T (70.5%) and
florfenicol (64.6%), which in turn appeared to be
the replacements of the first ones. The strains were
most resistant to 7 (30.5%) of the AMD: amoxicil-
lin (80%), ampicillin, erythromycin, oxytetracy-
cline and tiamulin (70 - 71.4%) and to a large extent
(58.7%) to tilmicosin and spectinomycin, which on
the one hand, with the exception of spectinomycin,
is explained by their general characteristics and,
on the other, by the widespread use of tetracycline
agents. Close (2000) is of the opinion that this is a
natural and inevitable phenomenon, as well as that
there is a need to test pathogenic E. coli strains for
susceptibility, to select appropriate therapies and
metaphylactics, and to refrain from using certain
AMD for a specified period of time (Dimitrova,
2009; Lyutskanov and Urumova, 2010; Yordanov
and Dimitrova, 2014; Dimitrova et al., 2011, 2014).
In 2014, a decrease in E. coli strains sensitive to
the AMD was reported. All tested strains were only
sensitive (100%) to amikacin. Sensitivity to SMZ
+ T (77.8%), gentamicin, and florfenicol (61%)
and enrofloxacin and norfloxacin (50%) remained
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unchanged to some extent. In regard to quinolones
and fluoroquinolones, the reported sensitivity is less
than 50%. Inversely, resistant strains were found
to 18 of the agents, for 9 of them (39.1%) it was
from 51% to 100%, including amoxicillin, oxytet-
racycline, tiamulin, ampicillin, tilmicosin, colistin,
tylosin, doxycycline and spectinomycin. The rate
of resistance to: amoxicillin, oxytetracycline, am-
picillin, and tiamulin (71.4-88.9%), as well as to
tilmicosin, doxycycline, spectinomycin and tylosin
(58.3-66.7%) increased. Against this background,
the established resistance to florfenicol (5.6%) may
be considered low, but the fact that 33.6% of the
strains already have an average sensitivity to it sug-
gests a negative trend in this process. The findings
for 2015 show that of the 24 AMD only 12 kinds
(50%) of them were active against E. coli to varying
degrees. Only 7 kinds (29.2%) of them were report-
ed with higher sensitivity: enrofloxacin, florfenicol,
amikacin and kanamycin (85.7%) and gentamicin,
pefloxacin and norfloxacin (71.4%- 57.1%). Resist-
ant strains were identified to 16 of the agents, with
11 (45.8%) ranging from 51% to 93.9%, confirming
what was expressed by Gavroci€ ef al. (2011) that
multiple AMD resistance was established in 50% of
the strains isolated from pigs.

In pigs from different pig farms and pig-breeding
complexes

In a study by Dimitrova et al. (2016), 43 E.
coli strains isolated from pigs in the period 2012-
2014 were tested for sensitivity to 26 AMD. As a
result, sensitivity was found to 22 (84.6%) of them,
but only to 11 (42.3%) it was ranging from 51% to
100%, including to: amikacin 94.1%, ciprofloxacin
80%, kanamycin 73.7%, enrofloxacin 72.7%, SMZ
+ T 67.9%, gentamicin 67.5%, florfenicol 67.4%,
cefotaxime 66.7%, cefquinome 60.7%, apramycin
58.1% and pefloxacin 52.2%. Of the remaining 15
AMD, 11 (42.3%) were active in only 1% to 10% of
the cases. Resistant strains were established against
22 of the AMD, of which 9 were 51%-80.7% re-
sistantto: amoxicillin 80.7%, erythromycin 80%,
ampicillin 72.2%, oxytetracycline 72.2%, tiamu-
lin 70%, doxycycline 64.7%, streptomycin 63.1%,
tilmicosin 62.2% and tylosin 52.9%.

In weaned pigs

In their studies on E. coli infections in weaned
pigs, Petkova et al. (2014) found that E. coli strains
isolated in 2014 were more than 50% sensitive to
only 5 (20%) AMD: - amikacin (100%), kanamy-
cin (80%), gentamicin (77%), CMZ+T (71.4%) and
norfloxacin (66.7%); also moderately sensitive to



5 (20%): pefloxacin (66.7%), florfenicol (61.5%),
cefuroxime (60%), flumequine and nalidixic acid
(50%) and resistant to 9 (36%) AMD: amoxicillin,
ampicillin and tetracycline (100%), cefquinome
(80%), oxytetracycline, colistin (76.9%), tiamulin
(71.4), and tylosin and tilmicosin (60%). These
findings, compared with the results of Dimitrova et
al. (2013), showed that 100% sensitivity of E. coli
strains was observed only to amikacin, whereas to
gentamicin, enrofloxacin, pefloxacin, kanamycin
and cefuroxime, it decreased from 5.7% to 33%,
which is alarming. Moreover, as compared to 2013,
resistance to tetracycline and macrolide agents in-
creased from 17.1% to 27.1%, and to ampicillin
and erythromycin - by 28.6%, which, according
to Drumev (2001) and Yordanov and Dimitrova
(2014), contributes to their widespread and often
unjustified use in the treatment and metaphylactics
of many bacterial and viral diseases.

In weaned and growing pigs

Petkova (2017) studied the sensitivity of E.
coli strains isolated from weaned and growing pigs
in 2015 to 26 currently used AMD, finding that the
strains exhibited sensitivity to a total of 16 AMD, of
which 51-100% sensitivity to 7 (26.9%): amikacin,
kanamycin, gentamicin, florfenicol, norfloxacin,
enrofloxacin and ciprofloxacin. Resistant strains
were established to 23 (88.5%) AMD, of which
more than 50% to 13 (50.0%): amoxicillin, ampicil-
lin, spectinomycin, oxytetracycline, doxycycline,
cefquinome, cefotaxime, tylosin, linco-spectin,
colistin, nalidixic acid, flumequine and tiamulin.
The test data show that the sensitivity, compared to
the results of Dimitrova et al. (2013), is observed
only to amikacin, whereas for gentamicin, enro-
floxacin, kanamycin, and cefuroxime, it is severely
reduced, which is alarming. In addition, resistance
to tetracyclines, macrolides, linco-spectin and some
aminoglycosides increased from 17.1% to 28.6%,
which, according to Drumev (2001), Yordanov
and Dimitrova (2014), is most often due to their
widespread and not always justified application for
therapy and metaphylactics of certain bacterial and
viral diseases. The high sensitivity to ciprofloxacin
(100%), amikacin (97.4%) and kanamycin (77.8%)
is attributed to both their pharmacological charac-
teristics (Popova, 2009; Georgiev et al., 2010) and
to their limited use in veterinary medicine. Overall,
these results are largely consistent with the data of
Gin et al. (2015), whohave come to believe that an-
timicrobial resistance is often detectable among E.
coli isolates in cases of post-weaning diarrhea in

pigs.
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Conclusion

A review and analysis of the sensitivity and
resistance of E. coli strains isolated from pigs in
the period 2006-2015 to the most commonly used
AMD shows that:

The sensitivity of E. coli strains in the first
Syears ranges from 51% to 100%, to 9 to 10 kinds
(37.5-47.6%) of AMD: amikacin, gentamicin, kan-
amycin, spectinomycin, florfenicol, flumequine,
enrofloxacin, pefloxacin and SMZ+T., and in the
second 5 years to 5—11 (avg. 33.3%) AMDs, includ-
ing: amikacin, apramycin, gentamicin, kanamycin,
cefquinome, cefotaxime, florfenicol, enrofloxacin,
pefloxacin, ciprofloxacin, norfloxacin and SMZ+T.,
from 2011 to 2014 the sensitivity decreased mark-
edly from 10 to 5 AMD, in 2014 increased to 11 ,
and again decreased to 8 AMD in 2015.

The resistance of E. coli strains isolated from
pigs to the most commonly used AMD, ranging
from 51% to 100% in the first 5 years (2006-2010)
was manifested against 7-8 kinds (33.3%) of AMD:
apramycin, spectinomycin, ampicillin, oxytetracy-
cline, doxycycline, erythromycin, tylosin, tilmico-
sin, tylvalosin, linco-spectin and nalidixic acid, and
in the second 5 years (2011-2015) was against 5 to
11 kinds (33.3-41.7) of AMD, while in 2011, 2012
and 2013 was in the range of 5-8 AMD, and in 2014
and 2015 it increased to 11 , with higher resistance to
amoxicillin, cefquinome, cefotaxime, nalidixic acid,
colistin, tiamulin, flumequine and streptomicin.

It was found that in the period 2006-2015 the
tendency of increased resistance of E. coli strains
isolated from pigs to the existing AMD remained
unchanged in the period 2003-2005 to amoxicillin,
ampicillin, spectinomycin, streptomycin, oxytetra-
cycline, doxycycline, tilmicosin, erythromycin, lin-
co-spectin, tiamulin and nalidixic acid.

For the first time, in the years 2005-2010, re-
sistant E. coli strains isolated from pigs were recorded
chronologically to nalidixic acid, flumequine, apra-
mycin, spectinomycin, pefloxacin and enrofloxacin,
and in 2011-2015 to ampicillin, tilmicosin, tylvalosin,
colistin, florfenicol, cefquinome and cefuroxime.

The present review on the susceptibility of
E. coli strains pathogenic to pigs demonstrates the
need for awareness among human and veterinary
doctors, the public and farmers to take steps to pre-
vent the emergence and spread of resistant bacte-
ria that have become a challenge to humanity. The
implementation of new methods for monitoring
AMR, the reasonable and justified use and control
of the use of AMD should be a mandatory part of
the AMR strategies.
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