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HIGHLIGHTS
e Demonstration of mcr-1 circulation in poultry birds in a wide area of Southeast
Nigeria.
e New allelic variant (mcr-1.22) detected.
e Among 22 mcr-1 positive E. coli, MLST distinguished 11 fingerprints, three of
them new.
e Urgent need for educational projects and strategies to regulate colistin use in

Nigeria.

ABSTRACT

Background — The resistance to colistin mediated by mobile elements had a broad
impact worldwide. There is an intensified call for epidemiological surveillance of mcrin
different reservoirs to preserve colistin for future generations. In Nigeria, the poultry
industry is a key livestock sector. This study was undertaken to screen putative colistin-
resistant Enterobacterales from poultry birds in Southeast Nigeria and determine the

genetic relatedness of mcr-harboring isolates.

Methods — Faecal and cloacal swab samples (n=785) were collected from chickens in
17 farms located in three contiguous states in Southeast Nigeria between March and
November 2018. After selective cultures, colistin-resistant Enterobacterales were
isolated. On these isolates, confirmation of colistin resistance, antibiotic susceptibility
tests, molecular detection of genes mcr-1 to mcr-10, strain typing by multilocus

sequence typing (MLST), and randomly amplified polymorphic DNA (RAPD) were
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carried out. A questionnaire was distributed to investigate the chicken farm caretakers’

knowledge and colistin use.

Results — Forty-five (5.7%) out of the 785 samples evaluated were positive for 48
colistin-resistant Enterobacterales, and among them, 23 harbored the mcr-1 gene (22
E. coli, 1 Klebsiella pneumoniae). In two E.coli isolates, a new allelic variant (mcr-1.22)
was detected. RAPD allowed for the identification of 11 different fingerprints. MLST

also revealed 11 STs, three of them new.

Conclusion — Mcr significantly spread in poultry birds of Southeast Nigeria, which
poses worrisome risks to veterinary and human health. Strategies to prevent the
indiscriminate use of colistin in farms should be quickly adopted before colistin

resistance becomes a huge global health issue.

1.0 - INTRODUCTION

The global spread of multi-drug resistant Gram-negative bacteria (GNB) has led to a
significant limitation in the therapeutic options available. Colistin (CST) has been
considered the last option to treat severe infections caused by multi-drug resistant
(MDR) Pseudomonas aeruginosa, Acinetobacter baumannii and carbapenem-resistant

Enterobacterales [1].

Until recently, CST resistance was always thought to be chromosomally encoded and
mutationally acquired, allowing vertical transmission only, and thus, by its very nature,
rare and self-limiting [2]. A plasmid-mediated mcr-1 gene, encoding for a

phosphoethanolamine transferase, was recently described [3], and this mechanism of
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resistance was quickly reported worldwide [4]. In recent years, a growing number of
mcr genes (namely, from mcr-2 to mcr-10) have been characterized, allowing to
postulate a rapid evolution of the mcr family under selective pressures, which raise

global health concerns [5].

There is an intensified call for epidemiological surveillance of mcr in different
reservoirs to devise effective strategies for curbing the spread of superbugs and

preserving CST for future generations [6].

Sub-Saharan Africa is a hotspot for the development and spread of resistant
microorganisms because the countries are major culprits engaging in practices that
stimulate antimicrobial resistance [7]. Poultry and their products are important

reservoirs of mcr-harboring Enterobacterales worldwide, including in Africa [8].

In Nigeria, the poultry industry is a key livestock sector, providing 25% of animal
protein and huge employment opportunities for the burgeoning population, but the
industry has been constrained by invasive intestinal infections/diseases involving MDR
or extensively-drug resistant (XDR) GNB [9]. There are many reports on the isolation of
extended-spectrum beta-lactamases (ESBL) and AmpC-producing Enterobacterales

from poultry and poultry meat in Nigeria [10, 11].

Thus, detailed surveillance of mcr in the Nigerian livestock industry is urgently
warranted. This study was undertaken to screen putative colistin-resistant
Enterobacterales (CST-r-E) from poultry birds at farms in Southeast of Nigeria (SEN), by
evaluation of phenotypic antimicrobial susceptibility, detection of mcr genes (mcr-1 to

mcr-10), also determining the genetic relatedness of mcr-harboring isolates.
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2.0 — MATERIALS AND METHODS
2.1 — Collection of microbial isolates

Nonduplicate fecal and cloacal swab samples from chickens (broilers and layers) were
collected from March to November 2018 in three contiguous states in SEN: Enugu
(ENU), Ebonyi (EBO), and Anambra (ANA) (Figure 1). Seventeen poultry farms (stocking
capacity at these sites: 200-1000 birds) were sampled by convenience in ENU (7
farms), EBO (5), and ANA (5). From each farm, 5% of the total flock were randomly

selected.

Samples were transported in ice packs and processed on the day of collection in the
Veterinary Microbiology Laboratory, Department of Veterinary Pathology and
Microbiology, University of Nigeria. Swabs were inoculated on selective MacConkey
agar (MCA, Oxoid, UK), containing 4 ug/mL colistin sulfate (Sigma-Aldrich, St. Louis,
USA) and incubated at 37°C for 18-24 hours in ambient air. A single lactose-fermenting
colony per morphotype per sample was then picked up and subcultured on selective
MCA and incubated at 37°C for 18-24 hours. The isolates were later identified through
phenotypical tests such as citrate reaction, growth on triple sugar iron, and eosin

methylene blue agar.

The isolates grown on MCA with morphology suggestive for Klebsiella species (lactose-
fermenting, mucoid, large shiny and dark pink) or Escherichia coli (lactose-fermenting,
dry, donut shaped, dark pink) were selected and inoculated on nutrient agar slant and

stored at 4°C until their shipment to the reference laboratory (the Microbiology
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Laboratory of the IRCCS Arcispedale Santa Maria Nuova, Reggio Emilia, Italy). At their
arrival, the isolates were subcultured on Columbia blood agar (CBA) with 5% sheep
blood (Becton Dickinson, USA) and MCA (Becton Dickinson, USA), and pure cultures
were identified through the MALDI-ToF technology (Bruker Daltonics, USA) using the

protocols recommended by the manufacturer’s.
2.2 - Colistin resistance and antimicrobial susceptibility testing (AST)

Minimal inhibitory concentrations (MICs) of colistin for the different isolates were
evaluated by using a broth microdilution-based method, the ComASP™ Colistin
(Liofilchem, Italy) as previously described [1]. The quality control E. coli ATCC-25922"

was used as a control for all susceptibility testing.

Strains identified as susceptible to CST were tested for a second time, subculturing the
primary agar slant using a selective enrichment procedure. Briefly, 20 ul of 0.5
McFarland bacterial suspension were inoculated into 5 mL of Trypticase Soy Broth
(Becton Dickinson, USA), containing a 10 pg colistin disk (Oxoid Thermo Fisher, USA)
put into the broth 60 minutes before. These cultures were incubated overnight at 36°C
(ambient air), and one drop further subcultured on CBA and MCA (incubation: 18-20
hours, 36°C, ambient air). All the colonies grown were the identified using MALDI-ToF,
and their colistin MIC was determined using the ComASP™ Colistin (Liofilchem, Italy). If

the isolates were susceptible to CST, they were discarded from the study.

Isolates with MICs >2 ug/mL were considered resistant to CST and stored at -80°C in

microbeads (Microbank™, Pro-Lab Diagnostics, USA) for further analyses.
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Antimicrobial susceptibility tests were performed on all the CST resistant isolates using
the automated instrument Phoenix 100™ (Becton Dickinson, USA), according to the

manufacturer’s recommendations.
2.3 — DNA extraction

Whole genomic DNA was extracted using DNeasy UltraClean Microbial kit™ (Qiagen,
Germany) according to the manufacturer’s instructions, and then diluted to obtain a

final concentration of 40 ng/uL. The extracted DNA was stored at -20°C for further uses.
2.4 — Determining mcr presence and allelic variants

The presence of mcr genes from mcr-1 to mcr-5 was investigated using the multiplex-
PCR as described in Rebelo et al. [12], while mcr-6 to mcr-9 were studied using the

multiplex-PCR described in Borowiak [13]. Mcr-10 was examined by using a PCR based
on the paper of Xu et al. [14]. The protocols are detailed in the supplemental material

(“Supplemental material — Material and methods”).

To determine the allelic variant of the mcr-1 gene, all isolates found positive by PCR
underwent further amplification using the primers CLR5-int-F1 and CLR5-int-R1. The
primers and the amplification protocols are described in detail in the supplemental
material (“Supplemental material — Material and methods”). The PCR products were
then purified through an enzymatic method using exonuclease | (Exol) and shrimp

alkaline phosphatase (SAP), both manufactured by New England Biolabs, USA.

The purified amplicons were finally sequenced using the BigDye Terminator v3.1 Cycle
Sequencing Kit™ (ThermoFisher, USA). The resulting sequences were assembled and

compared to known mcr-1 allelic variants using BioEdit, version 7.2.6 [15].
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2.5 - RAPD analyses

RAPD experiments were performed on the mcr-1 positive E. coli. The primers NP2,
NP3, NP4, and NP5 were used, as previously described [16]. Two E. coli, previously
isolated from clinical samples in the reference laboratory, were included as controls
for the discriminatory power of the method. Two profiles were considered different if
they showed a single band of diverse size [17]; the bands’ intensity was also
considered discriminant, if double compared with others at the same molecular

weight.
Patterns were analyzed by both naked eyes and the software PyElph 1.4 [18].
2.6 — MLST analysis

It was performed on the mcr-1 positive E. coli according to the EnteroBase protocols
that use seven house-keeping genes as in

(https://enterobase.readthedocs.io/en/latest/mlst/mlst-legacy-info-ecoli.html) and

detailed in the supplemental material (“Supplemental material — Material and

methods”).

The PCR products of the seven different amplifications were then purified using the

enzymatic method described above.

The amplification primer pairs were then used for sequencing, as previously described
but with specific extension conditions; 60°C for 4 min (primers: gyrB, icd, mdh) or 55°C
for 4 minutes (primers adk, fumC, purA, recA). The sequences obtained were

assembled and analyzed using the software BioEdit, version 7.2.6 [15]. The allelic
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profile and subsequent sequence types were determined using the EnteroBase and the

Center for Genomic Epidemiology websites (https://cge.cbs.dtu.dk/services/MLST-2.0).

2.7 - Chicken farm caretakers’ knowledge of CST use

To investigate the caretakers’ awareness and knowledge about the use of CST in their
farms, they were asked to complete a survey questionnaire (12 items) about the CST
use during their farming practice. It was structured with both open-ended and closed-
ended questions and focused on CST. The questionnaire is available as supplemental

material (“Supplemental material — Questionnaire”).

2.8 — Data analysis

The results of the various tests were entered in a Microsoft Excel™ file. Data on the
occurrence of CST resistance, mcr-1-carrying Enterobacterales were exported to SPSS
(version 15.0) and Graphpad Prism statistical package (version 8.3.1) for analysis.
Freqguencies, percentages, and 95% Confidence Interval (CI95) of variables were
calculated as appropriate. Chi-square (x2) was used to determine the possible
association between variables and the awareness/knowledge and use of CST by

chicken farm caretakers.

3.0 - RESULTS

3.1 - Microbial isolates, colistin resistance and antimicrobial susceptibility testing

A total of 785 birds (498 broilers and 287 layers) were evaluated (ENU, n = 265; EBO, n

= 260; and ANA, n = 260).
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Seventy-five strains of Enterobacterales isolated from 45 samples (5.7%) were sent to
the reference laboratory on agar slants. They were isolated from all the three states,
but with a variable proportion from the farms in different locations: 7/7 (100%) in
ENU, 4/5 (80%) in ANA, and 3/5 (60%) in EBO states, respectively (Table 1). The
isolation rate of CST-r-E was significantly different among the location (x2 = 22.38; P <

0.0001), being significantly higher in ENU compared with the other locations.

The 45 samples yielded 48 CST-r-E, comprising 32 E. coli, 12 K. pneumoniae and 4
Enterobacter cloacae complex. The distribution of the isolates among the states is

shown in Table 1.
The MIC values of colistin for the 48 CST-r-E are presented in Table 2.

Forty-one (91.1%) of the 45 samples yielding CST-r-E were collected from broilers,
whereas 4 (8.9%) from layers. The carriage of CST-r-E was therefore significantly

different between broilers and layers (p<0.001).

Susceptibility tests demonstrate that the E. cloacae complex isolates did not express
AmpC but were resistant to cotrimoxazole (all the isolates) and to fluoroquinolones,
gentamicin and tobramycin (3 out of the four strains). For K. pneumoniae, no ESBL or
carbapenemase-producing strains were detected. Half of the isolates showed a wild-
type antibiotype (susceptible to all the antibiotics except for the intrinsically resistant
drugs); the others were resistant to cotrimoxazole (6 out of the 12 strains),

fluoroquinolones (4/12), gentamicin and tobramycin (3/12).

Finally, among the 32 E. coli tested, none was resistant to carbapenems. Three were

ESBL-producers. All the isolates showed various resistance traits: to aminopenicillins

10
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(30 out of the 32 strains), gentamicin and tobramycin (26/32), fluoroquinolones

(24/32), and cotrimoxazole (24/32).
3.2 — Mcr gene detection

The mcr-1 gene was detected in 23 strains (47,9%) out of the 48 CST-r-E analyzed,
comprising 22 (68.8%) of the 32 E. coli and 1 (8,3%) of 12 K. pneumoniae (Table 1). No
mcr-1 genes were found in E. cloacae. Thus, our results demonstrate a mcr-1 carriage
rate of 2.9% (23/785 isolates) across the Nigerian farming sites sampled. Among the 22
mcr-1 positive E. coli, the mcr-1.1 variant was identified in 20 isolates (90.9%), while a

novel mcr-1 variant (mcr-1.22) was detected in two (8.7%) (Table 1).

The sequence of novel mcr-1.22, deposited in GenBank with the accession number

MNO017134 (https://www.nchi.nlm.nih.gov/nuccore/MN017134), showed a single

nucleotide mutation in position 1277, with thymine instead of cytosine. This
nonsynonymous substitution (1277C>T) resulted in the replacement of serine with

phenylalanine coding S426F.

None of the CST-r-E was found to harbor mcr-2 to mcr-10 genes.

Eleven (52.6%) out of 19, 8/9 (88.9%) and 3/4 (75%) CST-r E. coli isolates from ENU,
ANA and EBO states, respectively, harbored mcr-1. The mcr-1-positive E. coli were
isolated from 6 out of the 7 farms sampled in ENU, from 4 out of the 5 farms in ANA,
and from 3 out of the 5 farms in EBO, respectively (Table 1). The mcr-1 positive K.
pneumoniae isolate was detected in ENU state. There was no association (x2 = 1.835; p
= 0.3995) between the occurrence of mcr-1 positive isolates and the state of sample

origin.

11
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3.3 — MLST and RAPD analyses

MLST allowed distinguishing 11 different STs. Eight were known (ST-398, ST-1286, ST-
34, ST-48, ST-155, ST-226, ST-6836 and ST-746), and 3 were new (Table 3,

supplemental material as “Supplemental material — MLST table”).

For recA, two new allelic variants were detected. The analysis performed using the
database of the Center for Genomic Epidemiology

(https://cge.chs.dtu.dk/services/MLST-2.0), demonstrated that the closest allelic

sequence to those detected was the #6.

In our isolates, three new sequence types were also determined. Again, according to
the results obtained using the database of the Center for Genomic Epidemiology, the
nearest STs are ST-4542 (for isolates EC-49 and KL-37), ST-168 (for EC-160) and ST-656

(for EC-29 and EC-540).

ST-1286 was the most common sequence type, with a frequency of 31.8% (7/22)
followed by ST-34 (3/22, 13.6%). The ST-656, ST-4542 and ST-746 were represented by
2 (9.1%) strains each. Six of these STs: ST-155, ST-226, ST-168, ST-6836, ST-48 and ST-

398 were represented by singletons (4.5%).

There was an overlap of ST-656, ST-1286, ST-34 and ST-746 among the states (Figure
2). More than one strain from the same farm belonged to ST-4542 and ST-1286 in ENU

and ANA states, respectively.

Twenty of the E. coli strains belonged to six known clonal complexes (CC), whereas two
strains belonged to undetermined CC. The CC most represented was CC-10, which

encompasses 15 strains (68.1%). One strain each (4.5%) belonged to CC-398, CC-155,

12
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CC-165, CC-168 and CC-226. The sequence type distribution among the states is shown

in Figure 2.

The MLST results were in agreement with those obtained with RAPD analysis:
regarding this technique, all the primers used were able to discriminate among the
isolates, resulting in different fingerprints when comparing the control strains and the
microorganisms analyzed. NP3 and NP4 were the most efficient in producing highly
discriminatory profiles (generation of many bands). The patterns generated by NP4 are
shown in Figure 3: 11 different fingerprints (A to K) can be recognized. The strain

clusterization was the same as for MLST.

The isolates with the allelic variant mcr-1.22 clustered together, having the RAPD
pattern J (figure 3) and the new MLST close to ST-4542, which possesses two new

allelic variants for recA.
3.4 — Chicken farm caretakers’ awareness and use of CST in SEN

Demographically, all the 17 farm caretakers were male, and 12 of them (70.6%)
possessed basic secondary school qualifications, 4 (23.5%) were diploma holders, while
1 (5.9%) was a Doctor of Veterinary Medicine. About two-thirds of the farmers had no
information about CST (64.7%), and almost all (94.1%) did not know about the CST
mechanism of action. There was no association (p >0.05) between knowledge about

CST/CST resistance and educational qualification, as well as location.

Concerning practices that can facilitate CST resistance, close to two-thirds (64.7%) of
the caretakers reported that drug sellers recommended CST-containing materials used

on their farms. The majority of the caretakers (88.2%) said that they use the CST-

13
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supplemented feed on their farm for treating intestinal infections (82.3%) and
administer CST-based drugs in birds’ drinking water (94.1%). The 88,2% of the farmers
declared that they still used CST-based drugs, irrespective of whether, following the
previous usage, the birds recovered (64.7%) or died (23.5%). However, more than one-
third of the farmers (47.1%) reported using CST-based drugs for prophylaxis. More
worrisome, some of them (23.5%) reported that CST-based drugs previously used in

their farms are no longer effective.

4.0 — DISCUSSION

Colistin is one of the few last-line antibiotics used in treating deadly infections. Thus,
CST resistance in GNB is a global public health crisis needing urgent surveillance in
diverse ecological niches to determine the occurrence and devise strategies for solving
this global menace. In this study, CST resistance in Enterobacterales colonizing
chickens at farm level in SEN was determined. Prior studies in Nigeria, performed
before the discovery of mobile resistance and not focused on CST resistance, did not
detect CST resistance among enterobacterial isolates from chickens [19]. Recently,

Authors reported the presence and the circulation of mcr genes in Nigeria [20, 21].

The occurrence of CST-r-E in the study samples is 5.7% (45 out of the 785 samples
analyzed), indicating that CST-r-E colonizes a sizeable percentage of chickens in SEN.
These results imply that CST resistance has emerged in Nigeria’s poultry industry,

mainly among broilers (41 out of the 45 CST-r samples), which have unrestricted access

14
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to antimicrobial supplemented feed and water), compared with layers, which are fed

twice daily in all the farms sampled.

As stated by some authors, the development of CST resistance may correlate with the
frequent/habitual use of CST in the poultry sector [22]. It could be postulated that this
resistance trait might have been spreading in Nigeria a long time ago. Veterinary drug
formulations containing CST, e.g., Keproceryl®, which contains vitamins and CST
(imported from Europe) has been in use in Nigeria for more than 30 years. The delivery
of similar products may have exposed the birds to a sub-therapeutic concentration of
CST, which was demonstrated to select CST resistance [23, 24], exerting a selective

pressure in the poultry sector in SEN.

There is currently no enforced regulation on the importation, marketing, sales, and use
of antimicrobials in Nigeria. In this report, we analyzed the farmers’ knowledge about
CST resistance using a questionnaire. The data collected and detailed in the
supplemental materials highlighted that only 35,3% of the farmers knew CST, and only
one of them (a veterinarian) in depth. These findings and observations call for
immediate attention because of the possible impact of CST resistance on public health.
The use of colistin for prophylaxis, metaphylaxis, and growth promotion in livestock
production (especially poultry and pigs) is responsible for mobilizing mcr in Gram-
negative bacteria [25]. Strategies to prevent indiscriminate use of CST in farms should
be adopted, and farmers should receive adequate training before CST resistance

becomes a huge global health issue.

15
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The occurrence of CST-r-E in the present study cannot be easily compared with data
published in other experiences from other countries, because the prevalence is very
heterogeneous due to variation in sample type and size, and methods used for primary
isolation of the CST resistant organisms, as well as health status and rate of
colonization of the birds, and usage of antimicrobial agents in the study areas [26].
Reported prevalence ranged from 0% in chicken reported by El-Garch et al. in Europe,

to 52.4% in chicken meat samples analyzed in Brazil [27-31].

In our experience, mcr-1 was detected in 23 out of the 48 CST-r isolates, suggesting
that the gene is widely spread among Enterobacterales colonizing chickens in SEN.
Higher mcr-1 detection rates among CST-r-E were observed in Italy (88.1%) [32],
whereas lower detection rates were reported from China (1.1%) [33] and Romania
(12%) [34]. Regarding mcr diffusion among different bacteria, also in our setting, mcr-1
spread widely among E. coli colonizing chickens. Only 8,3% CST-r K. pneumoniae
carried mcr genes, which suggested a suboptimal transmission of this plasmid to this
genus. E. coli possesses the greatest propensity for the acquisition of mcr-1, and this

result is consistent with previous studies [33, 35].

The detection of a novel allelic variant in the present study (mcr-1.22), detected in two
different isolates from farm #4 in Enugu State, may suggest that the poultry sector
could act as a reservoir for mcr-1 variants and a potential source for dissemination.
The emergence of new allelic variants (their appearance, stabilization, and replication
among different hosts, even if in the absence of increasing bacterial virulence or

resistance) should be of concern for public health, especially in countries such as

16
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Nigeria, where antimicrobial agents, including the critically-important ones like CST,

are used unregulated [36, 37].

In this study, none of the CST-r isolates harbored mcr-2 to mcr-10, unlike what has
been reported in CST-r-E from poultry elsewhere [13, 38-40], probably because those
genes are restricted in their distribution in terms of bacterial host species or region
[13]. Alternatively, resistance mechanisms not mediated by plasmids, could be

postulated.

Regarding the genetic similarity among the isolates, the MLST showed that mcr-1-
positive E. coli in this study belonged to four singletons, four CCs, and two
undetermined CCs, thus demonstrating that there was a large genetic diversity among
the organisms isolated in different farms and states. Despite this diversity, STs of CC-10
were repeatedly identified among different isolates from farms in the three states,
suggesting the successful spread of this particular lineage in SEN. In this study, the
dominance of CC-10 meant successful clonal dissemination of this CC in poultry in SEN.
Other studies have shown that most mcr-1-positive E. coli from poultry belong to CC-

10 [25, 28].

The overlapping of some STs (ST-656, ST-1286, ST-34, and ST-746) among states may
suggest that mcr-1-carrying E. coli from different farms are clonally-related, probably
emerging from similar lineages. Cross-contamination of the farms with the strains
through vectors such as flies, human carriers, or poultry birds may explain this finding.

It is also possible that birds were colonized by the overlapped clonal strains which

17
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originated from the same parent stocks or hatcheries (as day-old-chicks), previously

contaminated [41].

Interestingly, the two mcr-1.22 carrying E. coli belonged to CCs not yet on the
Enterobase website, showing a new allelic variant for recA. Unfortunately, we could
not have a definition of the new CCs, since the sequences’ data are processed by

Enterobase only if provided by using next-generation sequencing methods.

The RAPD fingerprints confirmed the high genetic diversity of mcr-1 positive E. coli.
The wide variety of RAPD clusters (11) demonstrates the dissemination of mcr-1 via
plasmids [27]. The RAPD profiles agreed with the MLST, showing an excellent

discriminatory power of the primers selected.

The present study has as a significant limitation the lack of a WGS approach. This did
not allow an in-depth investigation of our isolates, making impossible the extensive
characterization of the STs (mostly new STs), the study of the genetic backbone, as
well as the plasmid type of the isolates. Moreover, the strain selection was initially
focused only to Escherichia coli and Klebsiella pneumoniae, which were the
microorganisms most frequently harboring mcr-1 or mcr-3. Recently discovered mcr
genes have been often isolated in Enterobacterales belonging to other genera (e.g.,
mcr-10 in Enterobacter species), and therefore our study may underestimate the
epidemiology of these genes. Finally, the questionnaire could have been improved,
including more general questions about bacterial resistance and on the knowledge of

how resistant isolates are generated and spread, and not being focused only on CST.

18
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Except for 3 E. coli isolates, which were ESBL positive, the CST-r-E isolated in our
setting did not express other important antimicrobial resistance traits. It would be
desirable that this favorable situation is preserved, e.g., through the establishment of
antibacterial stewardship programs. If this is not urgently done, the possible
emergence of enterobacteria coproducing mcr, ESBL, AmpC and/or carbapenemases
would definitely result in difficult-to-treat diseases capable of causing outrageously

high economic losses in animal and public sectors in Nigeria.

In conclusion, chickens raised in SEN are potential reservoirs of CST-r-E. The new STs
and CCs found in our settings could be new E. coli lineages, capable of spreading mcr
genes, including novel ones, posing worrisome risks to the health of the birds, other
animals, and the public. The food animal sector is a potential source for disseminating
superbugs to the human-environmental ecosystem in Nigeria. Individuals who make
direct contact with these birds, such as the caretakers/handlers, veterinarians,
slaughterhouse personnel, and meat sellers, are at greater risk of acquiring these
organisms and then transferring them to their households/the public. Further studies

involving human isolates are needed.
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Table 1 — Study synopsis

ENUGU ANAMBRA EBONYI TOTAL
Farms included (nr.) 7 5 5 17
Farms with isolation of CST-r (nr, %) 7 (100%) 4 (80%) 3 (60%) 14 (82%)
Samples collected (nr) 265 260 260 785
Broilers 160 160 150 470
Layers 105 100 110 315
N. positive samples (%) 29 (10.9%) 12 (4.6%) 4 (1.5%) 45 (5.7%)
Broilers 27 10 4 41
Layers 2 2 0 4
N. isolates resistant to Colistin 31 12 5 48
E. coli 19 9 4 32
K. pneumoniae 11 1 0 12
E.cloacae 1 2 1 4
N. mcr-1.1 positive isolates 10 8 3 21
E.coli 9 8 3 20
K.pneumoniae 1 0 0 1
N. mcr-1.22 positive isolates 2 0 0 2
E. coli 2 0 0 2
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Table 2 - MIC values of the isolates showed to be resistant to colistin

Colistin MIC values (pg/ml)
4 8 16 216
Enterobacter cloacae
complex 0 0 0 4
Escherichia coli 20 10 4 0
Klebsiella pneumoniae 1 0 4 7
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Table 3 — Molecular characterization of the mcr-positive E. coli isolated in the study

Location (nr. of  Source Strain RAPD MLST Clonal complex

strains) ID cluster

Enugu (11) 1-1 KL13 C ST34 10
1-1 EC11-A B ST1286 10
1-1 EC15 D ST155 155"
1-2 EC18 F ST226 226'
1-3 EC19 B ST1286 10
1-3 EC29 G ST656* 10
14 KL37* J ST4542%* ND
14 EC49° J STA542* ND
1-5 EC160 E ST168* 168"
1-6 EC100 A ST398 398"
1-6 EC131-A C ST34 10

Anambra (8) 2-1 EC377 H ST6836 165
2-2 EC400 | ST746 10
2-3 EC540 G ST656* 10
2-3 EC602 B ST1286 10
2-3 EC603 B ST1286 10
2-3 EC605 K ST48 10
2-3 EC601 B ST1286 10
2-5 EC612 B ST1286 10

Ebonyi (3) 31 EC700 K ST746 10
3-2 EC734 C ST34 10
3-5 EC791 B ST1286 10

Legenda - * new sequence types: it is shown the ST that has the nearest
correspondence according to the Center for Genomic Epidemiology; t = singleton; # =

mcr-1.22-carrying strain; ND = not determined
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Figure 1 — Geographical setting of the study. The red line defines the Southeast region

of Nigeria. The blu points indicate the three States where the study was performed.

Figure 2 — Geographical distribution of the 11 STs of the 22 mcr-positive E. coli
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© Enugu state
) Anambra state
O Ebonyi state

Figure 3 — RAPD fingerprinting obtained with primer NP4. M = molecular weight
markers. Left side, 100-3000 bp (bright bands at 500bp and 1000bp); right side, 100-
600 bp (more bright, band at 400bp). IC1 and IC2, isolates used as internal controls. C-,
negative control. In the different wells, the analyzed isolates and, bottom, the

fingerprint differentiation (as capital letters).
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