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Abstract

Prolonged and widespread in-feed use of antimicrobials as either growth promoters or to
treat bacterial infections in commercial poultry production contributed to the emergence of
resistant bacterial strains globally. A total of 3544 avian pathogenic Escherichia coli strains
isolated from commercial broilers in South Africa between 2009 and 2015 were tested for
susceptibility against eight classes of antimicrobials. Time series analyses were conducted to
assess seasonal and general trends in antibiotic resistance. Seasonal trends were seen in the
tetracyclines, with peaks of resistance in the winter months when respiratory diseases are
at their worst. Resistance to quinolones peaked in 2012 after which there was an overall
decreasing trend in resistance. Colistin resistance increased gradually from 2009 with a
drastic rise to 12.08% in 2015, but its use in feed was stopped in 2016. Florfenicol also
showed a sharp increase in resistance from 2.36% in 2009 to 6.63% in 2015. Resistance to
trimethoprim-sulphadiazine decreased sharply by the end of 2015, as did spectinomycin and
fosfomycin and amoxicillin. The overall prevalence of multidrug resistance (MDR) was 80.6
(95% confidence interval, 0.743-0.819), but the years 2013, 2014, and 2015 showed a
significantly lower level of MDR compared with 2009. This study is the first detailed analysis
of antimicrobial resistance in poultry production in the country, and constant monitoring of
resistance data should be continued to aid in the judicious use of antimicrobial compounds.

Introduction
Poultry meat and eggs are one of the most affordable protein sources worldwide, and

improving production in the developing world has a great potential to stimulate economies
and ensure food security (FAO, 2015). The South African poultry industry dominates



regional production in the Southern African Development Community (SADC), accounting
for 80% of total broiler production and 66% of egg production among the 15 member states
(FAOstats, 2017). Poultry is the largest single contributor to the agricultural sector in South
Africa, comprising 15% of total agricultural gross value in 2016. A total of 988.7 million
broilers were produced for slaughter in 2016, and the laying hen population was estimated
at 24.8 million (SAPA, 2016). Global poultry production has improved remarkably in the last
few decades because of genetic selection, improved feeding, and health management
practices such as the in-feed use of antimicrobials as either growth promoters or to treat
bacterial infections (Apata, 2009). First-generation tetracyclines, for example,
chlortetracycline and oxytetracycline, were historically widely used as growth promotors,
while second-generation tetracyclines, for example, doxycycline, is used for prophylactic
and therapeutic treatments (Ljubojevic et al., 2016).

Prolonged and widespread use of antimicrobials leads to the emergence of resistant
bacterial strains (Chopra and Roberts, 2001), and antimicrobial resistance (AMR) in poultry
production has become a worldwide concern. European countries took an early lead in
regulating antimicrobial growth promotors in food-producing animals, decreasing their use
by up to 65% in Sweden (Kiers and Connolly, 2014). By 2006 all antimicrobial growth
promotors were banned from feed, and the resistance to tetracyclines in broilers in Europe
dropped to 50% (EFSA, 2016). The annual usage of antimicrobials for therapeutic purposes,
however, increased in some countries (Cogliani et al., 2011).

In South Africa, antimicrobials intended for use in animals are listed in the Medicines and
Related Substances Control Act 101 of 1965 as a Schedule 4 substance, that is, prescription-
only medicines that are available from a pharmacy dispensary, for example, colistin, and can
only be prescribed by a veterinarian. However, the Fertilizers, Farm, Feeds, Agricultural and
Stock Remedies Act (Act 36, 1947) makes provision for certain antimicrobials to be
purchased over-the-counter without a prescription, such as tetracyclines, sulphonamides,
trimethoprim, to be used as growth promotors (Mendelson et al., 2018). The use of
tetracyclines is especially widespread in South African poultry because the drugs are readily
available and inexpensive.

Colibacillosis, caused by Escherichia coli strains, causes major annual losses in the poultry
industry worldwide (Barnes et al., 2003). Likewise, E. coli is generally considered the leading
cause of poultry losses in South Africa, and as such, only E. coli isolates have been cultured
by veterinary laboratories on a routine basis. In this study, time series analysis was used to
determine antimicrobial susceptibility trends and seasonality in E. coli in South African
poultry over a 7-year period, 2009—-2015, for eight antimicrobial classes that are of
veterinary importance.

Materials and Methods

Sample collection

Sampling was undertaken between January 2009 and December 2015 in intensive
commercial broiler operations. The broiler chickens were Ross® 408-type kept in open
houses with average flock sizes of 15,000 chickens, or closed houses with flock sizes



between 30,000 and 40,000 chickens. Six of the nine provinces were sampled with the
distribution of sampling sites as follows: Mpumalanga Province (n = 3), Gauteng Province
(n=4), Limpopo Province (n = 4), Western Cape Province (n = 3), Free State Province (n = 3),
and KwaZulu-Natal Province (n = 1) (Fig. 1). Postmortem examinations were performed by
consulting veterinarians on diseased chickens and fresh fatalities. A sterile swab was taken
from any organ showing pathological lesions, for example, purulent exudates or
inflammation of the air sacs, and shipped on ice packs to the laboratory.
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FIG. 1. Distribution of broiler production in South Africa and sampling in the present study. The numbers
represent the provincial boiler chicken population in millions. Production in the Northern Cape province is
minimal (SAPA, 2017).

Bacterial isolation and identification

All microbiological analyses were performed at Deltamune (Pty) Ltd. in Pretoria. Isolation
and identification of E. coli was done within 36 h after sampling, by standard bacteriological
methods (Clinical and Laboratory Standards Institute [CLSI], 2018), with samples stored at
4°C until testing. Briefly, isolation was performed on Oxoid blood tryptose agar with 5%
horse blood and Oxoid MacConkey agar without salt and crystal violet (both Thermo Fisher
Scientific, Hampshire, United Kingdom), with incubation at 37°C for up to 24 h. Biochemical
identification to presumptive level was performed with Selecta-media Hugh-Leifson tubes
(Thermo Fisher Scientific) for oxidation fermentation; Kovack's reagent (Merck, Darmstadt,
Germany) for indole production; and oxidase reagent (Merck).

Antimicrobial susceptibility testing

Axenic E. coli cultures were used for antimicrobial sensitivity determination. Minimum
inhibitory concentrations (MICs) were determined by broth microdilution method in



Mueller—Hinton medium and agar (Difco, Thermo Fisher Scientific) (Caprioli et al., 2000;
CLSI, 2018). MIC was defined as the lowest concentration of antimicrobial that prevented
growth. The E. coli strains were tested for susceptibility to tetracyclines (oxytetracycline,
doxycycline, chlortetracycline), quinolones (enrofloxacin, norfloxacin), polymyxcin (colistin),
phosphonic antimicrobial (fosfomycin), amphenicols (florfenicol), potentiated
sulphonamides (trimethoprim-sulphadiazine), aminoglycosides (heomycin and
spectinomycin), and B-lactam (amoxicillin). All antimicrobials were supplied by VTech (Pty)
Ltd. (Midrand, South Africa). Resistance breakpoints were as per CLSI guidelines (2018).
Multidrug resistance (MDR) is defined as resistance to at least three antimicrobial classes
(Tenover, 2006).

Statistical analyses

The MIC data were collated into a pivot table (Microsoft Excel, 2007) and resistance
percentages were calculated. Where the MIC equaled the break point, the isolate was
classified as intermediate. The “zoo0” and “xts” packages and the “stl” function of the “stats
package of the R Software® (version 3.3.3 for Mac) were used to decompose time series.
Data were averaged per month, and if no data were recorded for a specific month, the
missing mean was filled using seasonal Kalman filter (Cleveland et al., 1990). Local
polynomial regression smoothing was applied to the data after the effect of seasonality was
extracted. The same method was applied to the data (without seasonality) to obtain the
trend (Cleveland et al., 1990). The result of the stepwise analysis of the data into seasonal,
trend, and remainder components was obtained after several iterations of this process. To
test the goodness of fit, the autocorrelation function (acf) of the “remainders” (residues)
was analyzed, and the Augmented Dickey—Fuller (adf) test allowed to check for stationarity,
using the “adf.test” function of the package “tseries” of the R software. A simple logistic
regression was used to determine the overall prevalence of AMR and MDR. Next, the
seasonal effect was confirmed with a logistic regression using a generalized mixed model
applying seasons as the explanatory factor and including the farms as random variable to
remove the cluster effect. Logistic regressions were done using the “Ime4” package of the R
software.

”

Results

Annual and seasonal trends in antimicrobial susceptibility

In total, 3544 isolates collected between January 1, 2009 and December 31, 2015 were
analyzed for AMR, which encompassed 12 commonly prescribed antibiotics in eight classes.
Generally, resistance was seen to increase with the usage of antimicrobial compounds by
the poultry industry (Table 1). Tetracyclines showed peaks of resistance in the winter
months of June to August (Fig. 2a—c). The highest prevalence of resistance to
chlortetracycline was in 2009 (Fig. 2b), but there was a slight improvement in sensitivity in
2011. Resistance to oxytetracycline was high, but sensitivity improved slightly in 2014,
although resistance remained above 60% (Fig. 2c). Quinolones showed the highest
resistance in 2012. After 2012 there was however an overall decreasing trend in resistance
to enrofloxacin (Fig. 2d) and norfloxacin (Fig. 2e). Colistin (Fig. 2f) displayed a gradual
increase in resistance from 2009 to 2015, with resistance increasing dramatically from 3.9%



(5/127) to 12.08% (100/828) in 2015. Florfenicol, similar to colistin, showed an increase in
resistance from 2.36% (3/127) in 2009 to 6.63% (55/829) in 2015 (Fig. 2h and Table 1).
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FIG. 2. (a-I) Time series decomposition data for 12 commonly used antimicrobial substances in South Africa.
In each figure, the top bar represents the average monthly MIC value; the second bar, the seasonal trend; the
third, the general trend; and the bottom bar, the remainder component. MIC, minimum inhibitory
concentration.



Table 1. Antimicrobial Resistance in Escherichia coli Isolated from Broiler Flocks

Antimicrobial class Antimicrobial agent®

Tetracyclines Doxycycline (16 pg/mL)

Chlortetracycline (16 pg/mL)

Oxytetracycline (16 pg/mL)

Quinolones Enrofloxacin (2 pg/mL)

Norfloxacin (16 ug/mL)

Polymyxins Colistin (2 pg/mL)

Phosphonic Fosfomycin (16 pug/mL)
antimicrobials

Year

2009
2010
2011
2012
2013
2014
2015
2009
2010
2011
2012
2013
2014
2015
2009
2010
2011
2012
2013
2014
2015
2009
2010
2011
2012
2013
2014
2015
2009
2010
2011
2012
2013
2014
2015
2009
2010
2011
2012
2013
2014
2015
2009
2010

No.

susceptible

(%)
43 (33.85)
16 (23.19)
32 (44.12)
169 (28.08)
300 (35.7)
290 (30.85)
308 (37.15)
2 (1.58)
1(1.45)
17 (12.51)
25 (4.15)
32 (3.79)
22 (2.38)
53 (6.43)
2(1.57)
5(7.25)
40 (29.14)
92 (15.28)
122 (14.56)
167 (17.72)
247 (29.86)
nt
nt
nt
248 (48.06)
523 (62.11)
626 (66.21)
591 (71.29)
107 (84.25)
59 (86.97)
115 (84.56)
374 (62.07)
616 (73.39)
657 (69.83)
nt
120 (94.5)
60 (88.24)
130 (95.59)
565 (93.85)
801 (95.36)
816 (97.14)
663 (80.07)
42 (33.08)
25 (36.23)

No.

intermediate

(%)
38(29.92)
24 (34.78)
26 (19.12)
147 (24.42)
337 (40.07)
277 (29.04)
181 (21.85)

0
4 (5.80)
18 (13.24)
29 (4.82)
62 (7.33)
45 (4.76)
27 (3.27)
0
0
0
13 (2.16)
6(0.71)
32(3.51)
5 (0.60)
nt

nt

nt
57 (11.05)

73 (8.67)
65 (6.91)
63 (7.6)
11 (8.66)
1(1.45)
12 (8.82)
62 (10.3)
28 (3.33)
49 (5.21)
nt
2 (1.58)
3(4.41)
1(0.74)
17 (2.82)
19 (2.26)
49 (5.21)
66 (7.97)
5(3.94)
2 (2.90)

No.
resistant
(%)

46 (36.22)
29 (42.02)
50 (36.76)
286 (47.51)
204 (24.24)
374 (39.76)
339 (41.01)
125 (98.4)
63 (92.75)
101 (74.25)
548 (91.03)
747 (88.88)
874 (92.86)
748 (90.3)
125 (98.43)
63 (92.75)
96 (70.86)
497 (82.56
712 (84.73)
742 (78.86)
576 (69.55)
nt
nt
nt
211 (40.89)
246 (29.22)
253 (26.89)
175 (21.11)
9 (7.09)
8(11.6)

9 (6.62)
166 (27.6)
196 (23.31)
235 (24.97)
nt
5(3.93)
6 (8.82)

5 (3.68)
20(3.32)
20(2.38)
76 (8.08)
100 (12.08)
80 (62.98)
41 (60.87)

Total
tested

127
69
136
602
840
941
829
127
69
136
602
840
941
829
127
69
136
602
840
941
829

516
842
941
829
127
69
136
602
840
941

127
69
136
602
840
941
829
127
69



Table 1. Antimicrobial Resistance in Escherichia coli Isolated from Broiler Flocks

Antimicrobial class Antimicrobial agent® Year No. No. No. Total
susceptible  intermediate resistant tested
(%) (%) (%)
2011 49 (36.03) 4(2.94) 83 (61.03) 136
2012 238(39.49) 29 (4.75) 336 (55.76) 602
2013 nt nt nt —
2014 nt nt nt —
2015 nt nt nt —
Ampbhenicols Florfenicol (32 ug/mL) 2009 122 (96.06) 2(1.57) 3(2.36) 127
2010 60 (88.24) 5(7.35) 3(4.41) 69
2011 127 (93.38) 2(1.47) 7 (5.15) 136
2012 561 (93.13) 11 (1.83) 30 (4.98) 602
2013 789 (93.71) 17 (2.02) 36 (4.28) 840
2014 835 (88.74) 53 (5.63) 53 (5.63) 941
2015 729 (87.94) 45 (5.43) 55 (6.63) 829
Potentiated Trimethoprim- 2009 63 (49.61) 4 (3.15) 60 (47.24) 127
sulphonamide sulphamethoxamole 2010 23(33.33) 5(7.25) 40 (59.42) 69
(18 pg/mL) 2011 68 (50) 7 (5.15) 61(44.85) 136
2012 291 (48.42) 17 (2.83) 293 (48.75) 602
2013 405 (48.27) 32(3.81) 403 (47.92) 840
2014 519 (55.18) 23 (2.45) 399 (42.37) 941
2015 709 (85.68) 21 (2.55) 97 (11.77) 829
Aminoglycosides Spectinomycin (16 pg/mL) 2009 28(22.05) 34 (36.77) 65 (51.18) 127
2010 3 (4.35) 20 (28.99) 46 (66.67) 69
2011 6 (4.41) 35 (25.74) 95 (69.85) 136
2012 73(12.13) 145 (24.55) 381 (63.29) 602
2013 95(11.30) 252 (29.96) 494 (58.74) 840

2014 168 (17.85) 247(26.25)  526(55.90) 941
2015 127 (15.32) 317(38.24)  385(46.66) 829

Neomycin (16 pg/mL) 2009 97 (76.38) 4 (3.15) 36 (20.47) 127
2010 57 (82.61) 1(1.45) 11 (15.94) 69

2011 108 (80.00) 0(0.00) 27 (20.00) 136

2012 71 (82.56) 2(2.33) 86 (15.12) 86

2013 nt nt nt —

2014 nt nt nt -

2015 nt nt nt —

Penicillins Amoxycillin (32 ug/mL) 2009 83 (65.35) 5(3.94) 39 (30.71) 127
2010 45 (66.18) 0 (0.00) 23 (33.82) 69

2011 85(62.50) 13 (9.56) 38 (27.94) 136

2012 302 (50.17) 20(3.32) 280 (46.51) 602

2013 479 (57.02) 33(3.93) 328 (39.05) 840

2014 557 (59.19) 22 (2.34) 262 (38.47) 941

2015 501 (60.51) 22 (2.66) 305 (36.84) 829

aMIC breakpoint CLSI (2018).

MIC, minimum inhibitory concentration; nt, not tested.



In 2010 the resistance to trimethoprim-sulphadiazine was the highest with 59.4% (40/69) of
the isolates tested being resistant (Fig. 2i), but in 2015, results showed a decrease in
resistance to just 11.8% (97/829). Amoxicillin (Fig. 2j) did not show any significant seasonal
trends. The MIC data for the aminoglycoside neomycin (Fig. 2k) are only available from 2009
to mid-2012, after which it was no longer used (Table 1). Spectinomycin did not show any
significant seasonal trends (Fig. 2j), and neither did amoxicillin (Fig. 11) that was used only
sporadically because of the risk of anaphylaxis in humans.

MDR to antimicrobials

The overall prevalence of MDR was 80.6% (95% confidence interval, 79.3—-81.9) (Table 2).
The years 2013, 2014, and 2015 showed a significantly lower level of MDR compared with
2009 (Table 3). This trend, visible on the time series analysis in Figure 3, was confirmed with
the general linear mixed model (glmm) using the months as random variable to remove the
effect of seasonality. The seasonal nature of MDR was also evident with the time series
analysis (Fig. 3). Using a similar approach, we confirmed the seasonality with glmm using the
year as random effect to exclude the trend. The predominant MDR profile from 2009 to
2014 was oxytetracycline/chlortetracycline/fosfomycin/trimethoprim-
sulphadiazine/amoxicillin. In 2015 the profile changed to predominantly
oxytetracycline/chlortetracycline/doxycyline/fosfomycin/amoxicillin.
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FIG.3. Time series decomposition data for MDR Escherichia coli in commercial broiler farms in South Africa.
MDR, multidrug resistance.



Table 2. Overall Prevalence of Antimicrobial Resistance

Prevalence of resistance (%) 95% Confidence interval

Doxycycline 37.1 35.5-38.7
Chlortetracycline 90.4 89.4-91.3
Oxytetracycline 78.9 77.6-80.2
Enrofloxacin 28.6 27.0-30.2
Norfloxacin 20.2 18.9-21.6
Colistin 4.5 3.8-5.2

Fosfomycin 53.8 52.1-55.4
Flofenicol 5.2 4.6-6.0

Trimethoprim-sulphadiazine 41.7 40.1-43.3
Spectinomycin 56.6 54.9-58.2
Neomycin 18.6 15.3-22.4
Amoxycillin 38.8 37.2-40.4
MDR 80.6 79.3-81.9

MDR, multidrug resistance.

Table 3. Percentage of Escherichia coli Isolates Exhibiting Multidrug Resistance to Various Numbers of
Antimicrobials for Each of the Years in the Study Period

No. of antimicrobial classes to which isolate was 2009 2010 2011 2012 2013 2014 2015
resistant

1 079 000 514 498 475 7.01 1146

2 9.45 435 588 6.15 9.03 956 12.42
3 21.26 11.59 13.24 1229 10.81 10.52 18.58
4 14.17 10.14 18.38 13.62 17.10 18.17 15.32
5 18.11 18.84 1691 17.28 20.78 15.62 17.25
6 22.05 2029 14.71 15.28 1437 14.56 9.29
7 9.45 2464 1324 1130 926 871 5.07
8 236 290 221 930 736 733 422
9 157 0.00 074 664 237 478 0.60
10 000 000 074 100 036 085 1.21
Discussion

In the past the use of antimicrobials in food-producing animals in South Africa was generally
unrestricted, and prophylactic treatment was given as an “insurance” to prevent the
outbreak of coli-septicemia secondary to chronic infections from Mycoplasma gallisepticum
and Mycoplasma synoviae, as well as viral infections such as Newcastle disease (ND). Today
this practice is uncommon, but metaphylactic treatment is still used in some operations to
prevent the outbreak of coli-septicemia due to known stresses such as vaccinations. This
study is the first to report AMR trends in South African poultry. E. coli strains isolated from
commercial poultry under intensive production across the country between 2009 and 2015
were tested for susceptibility against eight antimicrobial classes that are commonly used for
therapy in the local industry.



An increase in poultry respiratory diseases is usually observed in the winter months of June
to August (unpublished laboratory data). The South African poultry industry experienced a
severe outbreak of exotic virulent ND caused by a sub-genotype Vllh strain that started in
late August 2013 in the Limpopo and North West Provinces and was widespread throughout
the country by October 2014 (Abolnik et al., 2018). At the time many poultry veterinarians
used enrofloxacin in the drinking water as a first line of treatment to avoid secondary
infection by E. coli, because the MIC profiles, which were continually monitored for the
affected farms at the time, showed the best susceptibility to this drug. Enrofloxacin is a
broad-spectrum antibiotic that is well absorbed in poultry after oral administration and
widely distributed to various tissues, resulting in adequate target tissue concentrations. The
affected houses could be medicated immediately via the water, and serum levels could be
attained in the diseased birds within hours of application. From Figure 1d it is apparent that
the overall resistance to enrofloxacin remarkably decreased during the period of ND
outbreak. This unexpected trend might be due to the rigorous MIC monitoring at the time
and judicious use of enrofloxacin on the affected farms.

In-feed administration of antimicrobial compounds is convenient, but florfenicol usage in
the feed showed poor results (unpublished laboratory data; V-Tech [Pty] Ltd.). For this
reason, a water-soluble florfenicol solution was formulated by V-Tech (Pty) Ltd. Since the
peak serum concentration of florfenicol is measured within 30 min after oral gavage (EMEA,
1999), it was advised that florfenicol be administered to the diseased birds in their water
over a 4- to 6-h period. The results of the present study showed the correlation between the
increase in florfenicol use and an increased number of isolates showing resistance.

Fosbac (BUPO Animal Health, Silverton, Pretoria, South Africa), whose active ingredient is
fosfomycin, was registered over 30 years ago in South Africa and was the antimicrobial of
choice for many years, which led to the development of high levels of resistance. From 2009
to 2012 we, however, detected a reduction in the levels of resistance from 80/127 (63%) to
336/602 (55.7%), and from the time series analysis, the trend continued to the end of the
study period (Fig. 2g). If the improvement in sensitivity continues, fosfomycin could in
future, under stricter control, again become an option for the treatment of E. coli
septicemia in poultry.

The emergence of carbapenemase-producing bacteria (CPE) worldwide and in South Africa
has led hospitals to use colistin as a last-line antimicrobial; where resistance to colistin
already exists, the CPE infection is untreatable (Nguyen et al., 2016; Mendelson et al., 2018).
In late 2015, the emergence of the mcr-1 gene, a plasmid-bound resistance to colistin found
in Enterobacteriaceae of people, chickens, and pigs was reported in China (Lui et al., 2016;
published online 2015) and Denmark (Hasman et al., 2015). In a South African study, mcr-1
was found in 19 out of 20 colistin-resistant APEC from 2015 (Perreten et al., 2016). These
strains originated from six geographically distant broiler operations throughout South Africa,
suggesting a locally widespread distribution. The widespread use of compounded colistin
was immediately stopped in January 2016, and later that same year the Registrar of
Medicines released a statement to veterinarians strongly discouraging the use of colistin in
food-producing animals (Mendelson et al., 2018). Colistin may be used if the consulting
veterinarian can justify its use based on a sensitivity test (i.e., MIC), and that it is used as the
last resort to treat diseased animals. Colistin was widely included in medicated feed over
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the entire trial period from 2009 to 2015. Our study showed that colistin-resistant E. coli
increased sharply in the second half of 2015, which can be attributed to the emergence of
the mcr-1 gene in South African poultry operations. Since the usage of colistin was stopped
in January 2016, the resistance has dropped to <1.77% of the 443 E. coli strains tested in the
surveillance program during 2017 (unpublished laboratory data; V-Tech [Pty] Ltd.).

Increases or decreases in resistance can clearly be correlated with use in poultry, for
example, due to a higher prevalence of resistance seen with trimethoprim-sulphadiazene in
2014, veterinarians opted not to utilize it in feed during 2015, and consequently a
substantial decrease in resistance against trimethoprim-sulphadiazine was seen toward the
end of 2015. MIC profiles for doxycycline showed a reduction in resistance in 2013 that
similarly was attributed to a reduction in use, but resistance increased during 2015 when
doxycycline use again increased for in-feed medication based on the efficacy against
mycoplasma, which was of great concern within the poultry industry at that time (Beylefeld
etal., 2018).

The emergence of populations of bacteria resistant to multiple antimicrobials is a worldwide
concern (Witte, 1998). A prior but limited study in South Africa reported a high prevalence
of MDR (71.5%) and extended-spectrum B-lactamase resistance in E. coli from 2010 to 2011
(Ott, 2012). The time series analysis in the present study showed a clear trend of decrease in
MDR E. coli isolates in South Africa from 2010 to 2015 (Fig. 3), but it is concerning that a
large proportion of isolates in 2015 (77%) was MDR. In comparison, the prevalence of MDR
in E. coli in the European Union in 2014 ranged from 1.5% to 86.4% depending on the
country, with an average of 54.6% (EFSA, 2016).

Conclusions

Although the results of this study reveal, for the first time, that AMR was widespread in E.
coli in commercial South African poultry between 2009 and 2015, drastic measures such as
the immediate ban on the use of antibiotic growth promotors in the short or medium term
could prove disastrous to the local industry and, consequently, to the food security in the
SADC region. This is because profit margins are narrow, and the potential to expand poultry
production in South Africa is limited because of factors such as a lack of government
subsidies that are the privilege of wealthy nations, the severe droughts that, from time to
time, affect maize production used for feed, the constant economic threat from
international poultry meat dumping practices, and disease outbreaks. Reus (2011) modeled
the economic effects of antibiotic reduction at broiler farm level, taking into consideration
the additional costs as a result of the presence of disease. The model estimated that total
disease costs for an average farm would increase by 16% when antibiotic usage was reduced
by 20%, and when antibiotic usage was reduced by 100%, disease costs would increase by
81%. The costs of additional management measures, for example, changes in stocking
density, health and technical management, would further increase the production costs to
farmers who face pressure to reduce antimicrobial usage. As South Africa endeavors to align
with global practices in attaining the objectives of the World Health Organization (WHO,
2015) Global Action Plan on Antimicrobial Resistance, and support the development of
National Action Plans (OIE, 2016), this study is the first detailed analysis of AMR in poultry
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production in the country. Constant monitoring of MIC data should be continued to aid in
the judicious use of antimicrobial compounds in poultry production.

Acknowledgments

Funding was provided by V-Tech (Pty) Ltd. Poultry producers' AMR data were used with
permission. S.T. was funded by a Health and Welfare Sector Education and Training
Authority bursary. V-Tech (Pty) Ltd, represented by D.G., is a major supplier of antimicrobial
compounds in South Africa; to avoid conflict of interest, D.G. was not involved in the
statistical analysis of the data.

Disclosure Statement

No competing financial interests exist.

References

Abolnik C, Mubamba C, Wandrag DBR, Horner R, Gummow B, Bisschop SPR. Tracing the
origins of genotype VIlh Newcastle disease in Southern Africa. Transbound Emerg Dis
2018;65:393—e403.

Apata DF. Antibiotic resistance in Poultry. Int J Poult Sci 2009; 8:404—-408.

Barnes HJ, Valliancourt JP, Gross WB. Colibacillosis: Diseases of Poultry, 11th ed. Ames, IA:
lowa State Press, 2003, pp. 631-652.

Beylefeld A, Wambulawaye P, Bwala DG, Gouws JJ, Lukhele OM, Wandrag DBR, Abolnik C.
Evidence for Multidrug Resistance in Nonpathogenic Mycoplasma Species Isolated from
South African Poultry. App! Environ Microbiol 2018; 84:pii:e01660-18.

Caprioli A, Busani L, Martel JL, Helmuth R. Monitoring of antimicrobial resistance in bacteria
of animal origin: Epidemiological and microbiological methodologies. Int J Antimicrob Agents
2000;14:295-301.

Chopra |, Roberts M. Tetracycline antimicrobials: Mode of action, applications, molecular
biology and epidemiology of bacterial resistance. Microbiol Mol Biol Rev 2001;65:232-260.

Cleveland RB, Cleveland WS, McRae JE, Terpenning |. STL: A seasonal trend decomposition
procedure based on LOESS. J Off Stat 1990;6:3—73.

[CLSI] Clinical Laboratory Standards Institute. Performance Standards for Antimicrobial
Susceptibility Testing. CLSI Supplement M100S, 28th ed. Wayne, PA: Clinical and Laboratory
Standards Institute, 2018.

Cogliani C, Goossens H, Greko C. Restriction of antimicrobial use in food animals: Lessons
learnt from Europe. Microbe 2011;6:274-279.

12



[EFSA] European Food Safety Authority. European Union summary report on antimicrobial
resistance in zoonotic and indicator bacteria from humans, animals and food in 2014. EFSA J
2016;14:4380.

[EMEA] European Agency for the Evaluation of Medicinal Products. Veterinary Medicines
Evaluation Unit. 1999; Florfenicol, Summary report (3). Available at
https://www.ema.europa.eu/documents/mrl-report/florfenicol-extensionchicken-
summary-report-3-committee-veterinary-medicinalproducts_en.pdf accessed April 3, 2019.

[FAO] Food and Agriculture Organisation of the United Nations. Poultry development review,
2015. Available at: www.fao.org/docrep/019/i3531e/i3531e.pdf

[FAOstats] Food and Agriculture Organisation of the United Nations. 2017. Available at:
www.fao.org

Hasman H, Hammerum AM, Hansen F, Hendriksen RS, Olsen B, Agerso Y, Zankari E,
Leekircharoenphon P, Stegger M, Kaas RS, Cavaco LM, Hansen DS, Aarestrup FM, Skov RI.
Detection of mcr-1 encoding plasmid-mediated colistinresistanct Escherichia coli isolates
from human bloodstream infection and imported chicken meat, Denmark 2015. Euro
Surveill 2015;20:49.

Kiers A, Connolly A. Long term effect of reduced AFP usage: A worldview. 2014. Available at:
www.WATTag Net.com accessed April 3, 2019.

Ljubojevic D, Velhner M, Todorovic D, Pajic M, Milanov D. Tetracycline resistance in
Escherichia Coli isolates from Poultry. Arh Vet Med 2016;9:61-81.

Lui YY, Wang Y, Walsh TR, Zhang R, Spencer J, Doi Y, Tian G, Dong B, Huang X, Yu LF, Gu D,
Ren H, Chen X, Lu L, He D, Zhou H, Liang Z, Lui JH Shen J. Emergence of plasmid-mediated
colistin resistance mechanism MCR-1 in animals and humans beings in China: A micro-
biological and molecular biological study. Lancet Infect Dis 2016;16:161-168.

Mendelson M, Brink A, Gouws J, Mbelle N, Naidoo V, Pople T, Schellack N, van Vuuren M,
Rees H; South African One Health Stewardship Sub-Committee of the Ministerial Advisory
Committee on Antimicrobial Resistance. The One Health stewardship of colistin as an
antibiotic of last resort for human health in South Africa. Lancet Infect Dis 2018;18:
€288-e294.

Nguyen TN, Nguyen HM, Nguyen CV, Nguyen TV, Nguyen MT, Thai HQ, Ho MH, Thwaites G,
Ngo HT, Baker S, Carrique-Mas J. Use of colistin and other critical antimicrobials on pig and
chicken farms in southern Vietnam and its association with resistance in commensal
Escherichia coli bacteria. Environ Microbiol 2016;82:3727-3735.

[OIE] World Animal Health Organization. Antimicrobial Resistance OIE Strategy. 2016.
Available at: www.oie.int/antimicrobial-resistance accessed April 3, 2019.

13



Ott R. Antibiotic resistance in E. coli causing airsacculitis in poultry in South Africa. PhD
thesis, University of Bern, Switzerland, 2012.

Perreten V, Strauss C, Collaud A, Gerber D. Colistin resistance gene mcr-1 in Avian-
pathogenic Escherichia coli in South Africa. Am Agents Chemother 2016;60:4414—-4415.

Reus E. Costs and Benefits of Reduction of Antibiotic Use at Dutch Broiler Farms. Agricultural
Economics and Rural Policy Group, Wageningen University, 2011.

[SAPA] South African Poultry Association 2015 Industry Profile. 2016. Available at:
www.sapoultry.co.za/pdf-docs/sapaindustry- profile.pdf accessed April 3, 2019.

[SAPA] SAPA South African Poultry Association 2017 Industry Profile. 2017. Available at:
www.sapoultry.co.za/pdfdocs/sapa-broiler-industry-summary.pdf

Tenover FC. Mechanisms of antimicrobial resistance in bacteria. Am J Med 2006;119:S3—
S10; discussion S64—S73. Review.

[WHO] World Health Organization Global Action Plan on Antimicrobial Resistance, 2015.
Available at:

www.wpro.who.int/entity/drug_resistance/resources/global_action_plan_eng.pdf

Witte W. Medical consequences of antimicrobial use in agriculture. Science 1998;279:996—
997.

14



	Antimicrobial Resistance Trends in Escherichia coli in South African Poultry: 2009–2015
	Shannon Theobald,1 Eric Marcel Charles Etter,1–3* David Gerber,4 and Celia Abolnik1
	Abstract
	Introduction
	Materials and Methods
	Sample collection
	Bacterial isolation and identification
	Antimicrobial susceptibility testing
	Statistical analyses

	Results
	Annual and seasonal trends in antimicrobial susceptibility
	MDR to antimicrobials

	Discussion
	Conclusions
	Acknowledgments
	Disclosure Statement


