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Abstract  
This study aimed to evaluate the persistence (i) of two fluoroquinolones, enrofloxacin (ENR) and 

ciprofloxacin (CIP), and (ii) of CIP-resistant Enterobacteriaceae in soil after poultry manure 

application. The amounts of ENR and CIP in soil did not significantly change over the 48 day- 

experimental period. CIP (≤ 30 µg kg
-1

) was detected in weaker concentrations than ENR (20 to 250 

µg kg
-1

 of soil). The concentration of Enterobacteriaceae (10
2
-10

3
 CFU g

-1
) did not significantly 

decrease until Day 36. A total of 145 isolates were identified as belonging to E. coli and to 6 genera. 

The ciprofloxacin MIC of E. coli reached 32 mg L
-1

 whereas the other strains of Enterobacteriaceae 

had a MIC ≤ 0.25 mg L
-1

. The 71 strains of E. coli were classified in 12 ERIC-PCR genotypes. One 

genotype, corresponding to a resistant strain, was detected until Day 89. This study showed that 

enrofloxacin and CIP-resistant E. coli persisted at least 48 and 89 days, respectively, in soil. However, 

their presence did not increase the MIC of Enterobacteriaceae originating from soil. 

 

Introduction  

Poultry manure which is generally applied to soil may constitute an environmental risk because of the 

possible dissemination of pharmaceutical residues and bacteria resistant to antibiotics. Thus, 

fluoroquinolones (Fqs) which represent one of the most widely used classes of antibiotics in veterinary 

medicine [1] may be transferred to soil through poultry manure application. Among Fqs, enrofloxacin 

(ENR) and its metabolite ciprofloxacin (CIP) are highly effective broad-spectrum antimicrobials used 

to treat various veterinary infections, especially in the poultry industry. The prevalence of ENR in 

poultry manure ranges between 25% and 38% [2, 3] and the concentration of this antibiotic in soil 

impacted by manure application ranges between 17.4 and 370 µg kg
-1

 [2-4]. Because of their 

hydrophobicity, Fqs strongly adsorb to soil [1] and may thus persist in agricultural land after spreading 

manure. The aim of this study was to evaluate (i) the rate of degradation of ENR and CIP and (ii) the 

persistence of CIP-resistant Enterobacteriaceae in soil after poultry manure application. 

 

Material and Methods  

Poultry manure and manure application 

One day-old chicks (around 4000) were separated into 2 groups of equal size. One group (control) was 

not treated. At 27 days of age, the chickens of the 2
nd

 group (ie. treated group) were administered 

enrofloxacin (Baytril®, 10% oral solution) for 5 days at a dose of 10 mg/ kg body weight. The day of 

the departure of the animals (7 days after the end of the ENR treatment), manures (mixture of faeces 

and wood shavings) were transferred to an experimental field and applied to soil after 24 h of storage. 

The soil was a cambisol with a 2 % total organic carbon content. Manure application was performed 

on wheat crop at the end of the tillering stage. Manures were manually spread at a dose of 800 g.m
-2

 

on a field separated into two plots designated "soil T" (receiving manure from treated chickens) and 

"soil C" (receiving manure from control chickens). The two plots were subdivided into 6 equal 

subplots (6-m wide and 12-m long). Soil samples were taken from the 0-5 cm surface layer over a 3 

month-period (from February to April). The concentrations of Fqs and of Enterobacteriaceae were 

measured 7 days before spreading, at Day 0 (after the manure application), and at Days 5, 12, 19, 36 
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and 48. A supplementary sample was taken on Day 89 for bacterial counts. Each sample was a 

composite of 4 soil 100 cm
3
 cores randomly collected on each plot. 

 

Chemical and microbial analyses 

Fluoroquinolones extraction and analysis by LC-MS-MS were performed as described previously by 

Moraru et al. [5]. 

Enterobacteriaceae were enumerated on violet red bile glucose (VRBG) agar (OXOID, France) 

supplemented or not with CIP (1 and 8 mg L
-1

 CIP) as described in Moraru et al. [5]. After incubation 

for 24 h at 37°C, purple-red colonies identified as Enterobacteriaceae were enumerated. A total of 145 

colonies were randomly selected for further phenotypic and genotypic analyses. Colonies were 

streaked on TBX agar (OXOID, France) and incubated at 44ºC for 24 h. Characteristic colonies (β-

glucuronidase positive) of E. coli were confirmed using API 20E biochemical strips (bioMerieux, 

France), whereas other colonies (β-glucuronidase negative) were identified by sequencing of their 16S 

rRNA gene as described in Cunault et al. [6]. Isolates were analyzed by molecular typing using ERIC 

PCR technique [7].  

Ciprofloxacin MIC (minimum inhibitory concentration) values of isolates were determined according 

to EUCAST methodology. Isolates were classified as susceptible (MIC  0.5 mg L
-1

) or resistant (MIC 

> 1mg L
-1

) according to EUCAST clinical breakpoints for ciprofloxacin 

(http://www.eucast.org/mic_distributions/). 

 

Results  

Persistence of Fluoroquinolones in soil 

Average concentrations of fluoroquinolones in manure of treated chickens before land application 

were 13 mg. kg
-1

 for ENR and 1.6 mg. kg
-1

 for CIP (data not shown). ENR, the concentrations of 

which ranged between 14 and 518 µg. kg
-1

was still quantified in soil on Day 48 (Figure 1), suggesting 

a stability of the Fqs in the topsoil during the two months following the manure application. These 

results are in accordance with the persistence of ENR of several months reported by other authors [2, 

4, 8]. CIP was quantified, as expected, in much smaller quantities (≤ 30 µg kg
-1

 of soil) than ENR. 

However, the highest values of CIP were observed for the highest levels of ENR which may suggest a 

similar persistence of both Fqs in the topsoil. 
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Figure 1. Mean concentrations of enrofloxacin and ciprofloxacin in the soil before and after application of 

manure of chickens treated with fluoroquinolones. Bars indicate minimum and maximum values. 
 

It is noteworthy that most of the levels of ENR observed after poultry manure application were above 

the soil concentration trigger value of 100 µg kg
-1

 recommended for pharmaceutical residues by the 

European Commission [9].  

 

Persistence of Enterobacteriaceae in soil 

The concentrations of Enterobacteriaceae in both treated and control manures ranged between 1 10
5
 

and 4 10
5
 CFU g

-1
. They ranged between 10

1
 and 10

2
 CFU g

-1
 in soil before spreading. No significant 

decline of Enterobacteriaceae was observed until Day 36. Then, their levels significantly decreased 

(table 1). The decline of Enterobacteriaceae after Day 36 may be due to the rise in temperature over 

the period of experiment (February–May) as the average temperature increased by 11°C between Day 
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36 and Day 89. Indeed, temperature is one of the major environmental factors that impact the 

persistence of E. coli in manured soil [10, 11]. It is noteworthy that strains of Enterobacteriaceae 

present in soil T at Day 48 and Day 89 were identified as E. coli. The persistence of E. coli in this 

study  after manure application is consistent with that reported by Unc and Goss [10]. 
 

Table 1. Concentrations of Enterobacteriaceae in soil C and T  

Days of sampling Enterobacteriaceae (CFU g
-1

) 

 
control 

 
treated 

 
mean (sd) 

 
mean (sd) 

-7 5.10
1
 (3.2 10

1
) 

 
1.0 10

2
 (2.2 10

2
) 

0 9.6 10
1
 (7.4 10

1
) 

 
2.2 10

3
 (1.1 10

3
) 

5 2.2 10
2 
(2.3 10

2
) 

 
3.1 10

2
 (2.3 10

2
) 

12 7.6 10
2 
(5.5 10

2
) 

 
4.3 10

2
 (4.6 10

2
) 

19 4.1 10
3
 (3.0 10

3
) 

 
8.6 10

2
 (7.8 10

2
) 

36 1.6 10
3
 (4.0 10

2
) 

 
3.5 10

2
 (1.9 10

2
) 

48 -
a
 

 
3 (3) 

89 - 
 

10 (5) 
a
 Not detected  

 

The 145 strains isolated from chicken manure and soil were identified as belonging to E. coli and to 6 

genera (table 2). Strains of E. coli isolated from soil T exhibited high-levels of resistance to CIP (with 

MIC values up to 32 mg L
-1

). However, except a strain of Yersinia massiliensis isolated from soil T at 

Day 19 which had a MIC value of 0.25 mg L
-1

, the strains of Enterobacter, Rhanella, Buttauxiella, 

Raoutella and Serratia exhibited low MICs ranging from 0.004 to 0.064 mg L
-1

.  
 

Table 2. Maximal ciprofloxacin MIC (mg L
-1

) of Enterobacteriaceae isolated from manure and soil  

Matrix Day of sampling E. coli Enterobacter Rhanella Buttauxiella Raoutella Serratia Yersinia 

 
 

C
a
 T

b
 C T C T C T C T C T C T 

manure -1 1 32 0.016 - - - - - - - - - - - 

soil -7 -
c
 - 0.004 - - 0.032 0.032 - - 0.016 - 0.004 - - 

 0 - 32 0.004 - 0.004 - - - - - - - - - 

 19 - 1 0.008 0.008 - 0.064 - - - - - 0.032 - 0.25 

 36 - 2 0.016 0.008 - - 0.016 - - - - -  - 

 48 - 8 - - - - - - - - - - - - 

 89 - 8 - - - - - - - - - 0.032 - - 
a soil spread with manure of control chickens; b soil spread with manure of treated chickens; c not identified on VRBG agar 

Mechanisms involved in resistance to Fqs are mutations in chromosomal genes encoding for DNA 

gyrase and topoisomerase IV or plasmid mediated quinolone resistance (PMQR) which are 

horizontally transferable among bacteria [12]. Although PMQR has been identified among 

Enterobacteriaceae [13] and in E. coli chicken isolates [12], no attempt was made in this study to 

detect such PMQR genes in the resistant isolates. However, despite the persistence of Fqs in soils and 

the presence of Fqs-resistant E. coli in manure, there was no evidence of transfer of Fqs resistance 

from manure to soil Enterobacteriaceae throughout the experiment.  

According to the results of ERIC-PCR, 30 fingerprint profiles were identified among 145 isolates of 

Enterobacteriaceae. The 71 strains of E. coli were classified in 12 ERIC genotypes which were 

divided into 8 unique profiles (found only once) and 4 multiple profiles (A, G, H and L) (table 3). The 

profiles identified in manure of control chickens were susceptible or intermediate whereas the 3 

profiles identified in manure of treated animals were resistant (MIC ≥ 8 mg L
-1

). Among the 7 profiles 

found in manure, only one profile (G), present both in manure of control and treated animals, was still 

detected in soil after spreading. 
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Table 3. Distribution of fingerprint profiles of strains of E. coli isolated on VRBG agar in manure from 

control (C) and treated (T) chickens and in soil T according to the MIC. 

Matrix 
Day of  

sampling 

Nb profiles  

(nb strains) 
MIC (mg L

-1
) 

   <0.05 1 2 ≥8 

Manure (C) -1 7 (18) A
a
, B, C, D, E, F (4)

b
  G (9)   

Manure (T) -1 3 (18)    G (8), H (9), A 

Soil (T) 0 1 (10)    H (10) 

 19 1 (1)  I   

 36 3 (17) J, K  G (15)  

 48 1 (2)   L L 

 89 1 (5) L   L (4) 
a 

Letters indicate the code of the profiles (profiles found in more than one sample are in bold); 
b
 number of 

strains if different from 1. 

Our results are in agreement with those reported by Topp et al. [11] who also observed a shift in 

E. coli community fingerprinted by ERIC PCR between swine manure and manured soil. One profile 

(L), which corresponded to sensitive and resistant strains has been detected at Day 48 and at Day 89, 

suggesting the ability of this genetic profile to persist in soil.  
 

Conclusion 

These results showed that enrofloxacin persisted at least 6 weeks in manured soil without a significant 

decrease in concentration and that CIP-resistant E. coli can survive up to three months. However, Fqs 

and CIP-resistant E. coli brought by manure did not increase levels of CIP-resistance in 

Enterobacteriaceae originating from soil. 
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