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ABSTRACT

The emergence of antimicrobial resistance has 
become one of the major public health problems. Al-
though antimicrobial resistance naturally develops 
over time, its prevalence has increased due to the use 
of antimicrobial agents in the health sector and other 
contexts. This paper focuses on the rise in fosfomycin 
resistance of Escherichia coli isolated from poultry 
meat, coinciding with the excessive use of biocides dur-
ing the COVID-19 outbreak in Algeria. A total of 134 
E. coli isolates were identified from poultry meat sam-
ples purchased from the same butcher’s shops before 
and after the emergence of the COVID-19 outbreak. 
Univariate analyses were conducted using the ANOVA 
test for continuous variables and the chi-squared test 
for categorical variables. Odds ratios (OR) and 95 % 
confidence intervals (CI) were utilized for statistical-
ly significant risk factors. Multivariable analysis was 
performed with binary logistic regression to detect an 
independent predictor. A P-value of 0.05 was consid-
ered to indicate statistical significance. Poultry meat 
purchased after the COVID-19 appearance was found 
to be associated with fosfomycin-resistant E. coli; fos-
fomycin-resistant E. coli isolates were more prevalent 

after COVID-19 (15.56 %) than before the COVID-19 
outbreak (1.69 %). A significant difference in fosfomy-
cin E. coli resistance was observed before and after the 
COVID-19 emergence (P = 0.009; OR = 10.68; 95 % CI 
1.26–90.34). E. coli strains isolated from poultry meat 
are 10 times more likely to be fosfomycin resistant af-
ter COVID-19 than before the COVID-19 outbreak. It 
could be that the excessive use of biocides during the 
COVID-19 outbreak increased the risk of fosfomycin 
E. coli resistance in poultry meat.
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INTRODUCTION

The crisis of antimicrobial resistance (AMR) is one of 
the most serious issues facing us today. The fast devel-
opment and global spread of AMR regardless of the geo-
graphical location or community of origin is a truly global 
problem [42]. Antibiotic resistance-related fatalities will 
rise from 700,000 to 10 million per year by 2050, surpass-
ing cancer as the leading cause of death, according to the 
O’Neill report [28].
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Antibiotic resistance persists in spite of the restricted 
use of several key antibiotics, which indicates that there 
are components governing the evolution, dissemination 
and perpetuation of these resistance systems, many of 
which are independent of antibiotic usage [3, 41]. Recent 
studies suggest that the exposure to sub-inhibitory biocide 
concentrations facilitates the evolution of resistance to the 
biocide, and may also lead to co-resistance and cross-re-
sistance to other antimicrobial agents such as antibiotics 
[10]. Repeated exposure of bacteria to certain microbi-
cides (biocides) in vitro can result in decreases in antimi-
crobial susceptibility [9]. The inappropriate (over/misuse) 
use of antibiotics (and disinfectants/biocides) in many 
‘One Health’ areas such as human health and hygiene, ag-
riculture, animal husbandry and food production industries 
are major contributing factors in the emergence of AMR 
(or disinfectant/biocide resistance) in the last century [1].

The emergence of the COVID-19 (Coronavirus disease 
2019) pandemic has further complicated the current and 
future landscape of global AMR. The COVID-19 pandem-
ic is predicted to impact the transmission of bacterial in-
fections and the emergence of AMR [34]. The outbreak of 
COVID-19 in 2020 has contributed to the rising use of an-
tibiotics and biocides [13]. Intensified cleaning protocols 
during the COVID-19 pandemic specifically call for the 
increased use of disinfectants in homes and high-risk pub-
lic spaces, such as schools, health and other care facilities, 
and food service and work spaces [7].

Bacterial resistance to biocides used as antiseptics, 
dyes, and disinfectants is a growing concern in food prepa-
ration, agricultural, consumer manufacturing, and health 
care industries, particularly among Gram-negative Entero-
bacteriaceae, some of the most common community and 
healthcare-acquired bacterial pathogens [38]. Antibiotic 
resistance may occur after exposure of various Gram-neg-
ative species to sub-lethal concentrations of some biocidal 
agents such as benzalconium chloride, chlorhexidine or tri-
closan [18]. Escherichia coli organisms have increasingly 
become resistant to commonly used antimicrobial agents 
[21]. 	 The ability of E. coli to acquire and transfer antibi-
otic resistance and virulence genes makes them important 
in both human and animal health [37]. 

Within the livestock sector, poultry emerges as the 
most efficient sub-sector in its use of natural resources 
and providing protein to supply a global growing demand 
[26]. According to the FAO statistics, poultry has become 

the most widely consumed meat worldwide [12]. Chicken 
meat could serve as a reservoir for the spread of multidrug 
resistance E. coli strains harbouring resistance and viru-
lence genes through the food chain that could pose serious 
risks to human public health [5]. The plausibility of food-
borne transmission of antimicrobial-resistant E. coli to hu-
mans is supported by the finding that antimicrobial-resist-
ant E. coli from chicken carcasses widely contaminate the 
kitchen during meal preparation and can appear in the in-
testinal tract of individuals who prepare food dishes from 
the carcasses [23].

Fosfomycin-trometamol has a reasonable effective-
ness as a last-resort oral treatment for lowering urinary 
tract infection and stepdown treatment for upper urinary 
tract infection in kidney transplant recipients [40]. Fos-
fomycin-trometamol could be an alternative option to 
carbapenems in the treatment of multidrug-resistant En-
terobacterales infections for male urinary tract infections 
[4]. Fosfomycin have recently received research attention 
because of the rapid spread of multidrug-resistance [5]. 
The detection of mobile fosfomycin-resistant genes in 
Enterobacteriaceae has increased in recent years. Mobile 
fosfomycin-resistant genes have been detected in isolates 
of human, animal, food, and environmental origin which 
leads to a growing concern regarding the risk of the spread 
of such bacteria, especially E. coli at the human–animal–
environment interface [47]. 

With an increase in the biocidal product usage, the 
emerging bacterial resistance is possible [22], however, 
due to the insufficient investigative data and the lack of 
standardized protocols, the full magnitude of the possible 
impact of biocides on AMR in the long term remains diffi-
cult to assess [36]. The scientific research on the short- and 
long-term impact of the wide use of biocides for environ-
mental and personal disinfection, including cross resist-
ance to antimicrobials were called for in a recently editori-
al published in the WHO Bulletin [11].

The aim of this study was to examine the influence of 
the overuse of disinfectants and biocides during COV-
ID-19 emergence on the resistance in poultry meat of E. 
coli to fosfomycin. In Algeria, fosfomycin is prohibited 
for veterinary use [25]. So the risk of antibiotic resistance 
linked to its use in poultry farming is thus eliminated and 
the confusion bias is controlled.

This paper focuses on the increase in fosfomycin re-
sistance of Escherichia coli isolated from poultry meat 
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that accompanied the excessive use of biocides during the 
COVID-19 outbreak in Algeria.

MATERIALS AND METHODS

Sample collection
The research took place between January 2018 and 

July 30, 2020, in the Algerian city of Biskra, a total of 159 
diverse pieces of poultry meat samples were purchased 
from ten butcher shops. All samples were subjected to 
a bacteriological analysis. A total of 134 E. coli isolates 
were identified from poultry meat samples following the 
FDA’s Bacteriological Analytical Manual [8]. Ninety four 
E. coli strains were isolated from poultry meat samples 
which were bought from the butcher’s shops previous of 
the COVID-19 outbreak, between January 2018 to January 
2020, and an additional forty E. coli strains were isolated 
from poultry meat samples which were bought from the 
same butcher’s shops (10 shops) after the emergence of 
COVID-19 outbreak, between June 15, 2020 and July 30, 
2020.

Media for culture
Violet Red Bile Lactose Agar (VRBL), Triple sug-

ar iron Agar (TSIA), Mannitol-Mobility medium, Mul-
ler-Hinton and Simmons citrate medium (Himedia, India), 
Nutrient agar (Bioscan, Algeria), Mac Conkey Agar and 
Plate Count Agar (Liofilchem, Italy). Analytical Profile 
Index galleries (API 20 E) (Biomerieu, France), Antibit-
ic-disc fosfomycin 200 μg (Biomaxima, Poland), B-ga-
lactosidase disks (ONPG) and Oxidase discs (Himedia, 
India), were utilized for media culture.

Bacteriological analysis
Three to six representative colonies (purple-red colo-

nies that are 0.5 mm or larger in diameter and surround-
ed by a zone of precipitated bile acids) in VRBL (Violet 
Red Bile Lactose) agar from plates of each sample were 
picked on MacConkey agar and transferred each to a tube 
of BGLB (Brilliant Green Bile Broth with Durham Tube), 
according to the FDA’s Bacteriological Analytical Man-
ual (U.S. Food and Drug Administration). Bacteria from 
Durham tubes were evaluated for gas generation after a 
24- and 48-hour incubation period at 35 °C. Gram stain 
was used to establish that gas production was not due to 

Gram-positive lactose-fermenting bacilli. Additionally, 
biochemical tests on positive (gas) tubes were carried out 
(Triple SugarIron Agar (TSIA): acid/acid; gas positive; 
H2S negative; citrate: negative; urease: negative; indole: 
positive). To confirm E. coli, API-20E strips were utilized.

E. coli antimicrobial susceptibility testing
Fosfomycin (200 µg) susceptibility of E. coli strains was 

done with the disc diffusion method. First, a pure culture of 
the E coli is grown in Tryptone Soya Broth: TSB (Himedia, 
India). Then the bacteria solution density used is 0.5 Mc-
Farland. A sterile cotton swab is used to streak the bacterial 
culture evenly across the surface of a Mueller-Hinton agar 
plate. Fosfomycin (200 µg) disc is placed on the agar sur-
face, gently pressing it down to ensure good contact. The 
agar Mueller-Hinton media with antibiotic discs were incu-
bated at 37 °C the for 18‒24 hours. After incubation, the 
plates are examined for the presence of clear zones around 
the antibiotic disks. The size of the inhibition zone is meas-
ured in millimetres from one edge of the clear zone to the 
other edge of the clear zone. The size of the inhibition zone 
is then compared to the established guidelines by the Eu-
ropean Committee on Antimicrobial Susceptibility Testing 
(EUCAST). Resistant strain has the size zone of  < 24 mm. 

Statistical analysis
Before and after the appearance of COVID-19, E. coli 

were isolated from poultry meat and compared according 
resistance to fosfomycin (200 µ). ANOVA test and the 
chi-squared test (X2) were used to perform a univariable 
analysis. The odds ratios and 95 % confidence intervals 
(CI) were determined for risk factor that was statistically 
significant. Multivariate analysis was done with the binary 
logistic regression. The diagnostic value of the constructed 
model was examined via Nagelkerke. The various confi-
dence intervals will be presented at the 95 % significance 
level and P = 0.05 as degree of significance. All statistical 
analyses were performed using SPSS software, version 21.

RESULTS

Effect of the COVID-19 appearance on the fosfomycin 
E. coli resistance

Fosfomycin susceptibility mean of E. coli isolated 
from poultry meats bought before COVID-19 emergence 
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was significantly larger than those isolated from poultry 
meats bought after COVID-19 pandemic (P = 0.011). Box-
plots were used to check the data distribution (Fig. 1). 

The frequency of fosfomycin E. coli resistant strains 
was found higher (15.56 %) after COVID-19’s appearance 
than before COVID-19 (1.69 %) in poultry meat (Fig. 2). 

Significant relationship between Fosfomycin E. coli 
resistance in poultry meat and COVID-19 appearance 
(Chi-square test X2, P < 0.05), furthermore the effect of 
COVID-19 appearance on the fosfomycin E. coli resist-
ance was OR = 10.68 (95 %; CI 1.26–90.34; P = 0.009).

Fig. 1. Box-plot of fosfomycin susceptibility in E. coli, estimated 
from inhibitor zone deviations

Comparison between distributions of inhibitor diam-
eter zone of resistance in fosfomycin of E. coli isolated 
from poultry cuts before and after the COVID-19 appear-
ance. The box-plots indicated the median value (the line 
within each box) and interquartile range (the upper and 
lower boundaries of each box), whiskers below and above 
each box presented the 10th and 90th percentiles. The low-
er the inhibitor zone diameters are on the y-axis, the more 
the fosfomycin E. coli resistance is.

Fig. 2. Fosfomycin resistance frequency in E. coli strains isolated 
from poultry meat before and after COVID-19

Independent predictor
To detect if COVID-19 emergence is an independent 

predictor to the fosfomycin resistance in poultry meat, bi-
nary logistic regression was done. 

The logistic model was significant according to the 
omnibus Tests of Model Coefficients (X2 = 7.37; P < 0.05). 
Nagelkerke R2 = 0.16, suggests that the strength of asso-
ciation between fosfomycin E. coli resistance and COV-
ID-19 emergence was 16 %. 

Table 1 presents the regression coefficients of the pre-
dictors B, the Wald statistic, and the P values. After COV-
ID-19 appearance (OR 10.68; 95 %; CI 1.26‒90.34; P < 
0.05) was observed to be significant to predict fosfomycin 
resistance in E. coli strains isolated in poultry meat (Ta-
ble 1). E. coli strains isolated from poultry meat bought 
after COVID-19 emergence were 10 times more likely to 
be fosfomycin resistant than E. coli strains isolated from 
poultry meat bought before COVID-19. The probability of 
fosfomycin E. coli resistance associated with poultry meat 
purchased after COVID-19 was 2 times more than before 
the appearance of COVID-19.
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Table 1. Binary logistic regression analysis results

Equation 
variables

Regres-
sion

coeffi-
cient B

Wald Signifi-
cance OR

95 % CI for OR

Lower 
limit

Upper 
limit

Constant -4.06 16.20 0.001 0.017

Before/After 
COVID-19 2.37 4.73 0.03 10.68 1.26 90.34

OR ‒ odds ratio; CI ‒ confidence interval

DISCUSSION

This paper focused on the increase in fosfomycin re-
sistance of E. coli isolated from poultry meat that accom-
panied the excessive use of biocides during the COVID-19 
pandemic in Algeria. According to the list of medicines for 
veterinary use in Algeria, fosfomycin is not approved for 
use in poultry farming [25]. Moreover, fosfomycin does 
not exhibit cross-resistance with other classes of antibiot-
ics [30]. As a result, the risk of antibiotic resistance asso-
ciated with its use in chicken production is eliminated, and 
therefore the confusion bias is controlled.

Fosfomycin E. coli resistance before COVID-19 emer-
gence

Before the emergence of COVID-19 pandemic in Al-
geria, the resistance to fosfomycin of E. coli strains isolat-
ed between January 2018 and January 2020, from poultry 
meat found in this study was 1.69 % (Fig. 2). Similar re-
sults were found, overall, 7.3 % of chickens were found to 
be colonized by fosfomycin-resistant E. coli during 2008 
to 2010 in Hong Kong [15]. Fosfomycin resistance was 
detected in 8.8 % of E. coli isolates from chickens [45]. 
Fosfomycin is not approved for use in food animals in Chi-
na. 

Fosfomycin E. coli resistance after COVID-19 appear-
ance 

Fosfomycin E. coli resistance in poultry meat, found in 
this study, increased to 15.56 % after COVID-19 appear-
ance (Fig. 2). Even so, fosfomycin is always not allowed 
for aviculture use. Thus, the high frequency of fosfomycin 
resistance found in this study was unexpected and was not 
due to the selective pressure resulting from exposure to 
fosfomycin [45].

E. coli resistance was often associated with changes 
in susceptibility to some antibiotics, most prominently 
with increased resistance to fosfomycin [17]. Fosfomycin 

resistance is not routinely tested in most monitoring and 
surveillance studies and in many studies, fosfomycin re-
sistance is not of main interest, these might cause under-
estimation of the current situation of the spread of mobile 
fosfomycin-modifying enzymes [47]. Moreover, emerging 
fosfomycin resistant pathogens in poultry present potential 
food safety and public health risks [31].  H u a n g  et al. 
[16] reported the emergence of a novel plasmid-mediated 
fosA gene, fosA10, conferring high-level E. coli resistance 
to fosfomycin collected from a chicken meat sample outlet 
in Pakistan in 2018 [16]. Four of the E. coli isolates recov-
ered from faecal samples harboured fosfomycin resistance 
gene, highlighting the importance of monitoring the emer-
gency of fosfomycin resistance [44]. The presence of plas-
mid mediated fosfomycin resistance genes from chicken 
E. coli isolate in Egypt [29]. Two fosfomycin-resistant 
FosA4, were detected in E. coli strains from chickens in 
Egypt in 2019 [39]. Recent data from food animal studies 
showed that limiting the use of antibiotics in food animal 
production resulted in modest reductions in the prevalence 
of resistance, instead of elimination of resistance, in cer-
tain bacteria [46].

In this study, E. coli isolated from poultry meat pur-
chased after the COVID-19 appearance were more resist-
ant to fosfomycin than those isolated before COVID-19 
appearance, as mentioned in (P = 0.011) and (Fig.1). Poul-
try meat purchased after the emergence of COVID-19 was 
also associated to fosfomycin E. coli resistance (P = 0.009; 
OR = 10.68; 95 %; CI 1.26‒90.34). From the logistic re-
gression analysis we found that the E. coli strains isolated 
from poultry meat purchased after the appearance of COV-
ID-19 are 10 times more likely to be fosfomycin resistant 
than E. coli strains isolated from poultry meat purchased 
before the emergence of COVID-19. The probability of 
fosfomycin E. coli resistance associated with poultry meat 
purchased after the emergence of COVID-19 is 2 times 
more than before the appearance of COVID-19 (Table 1).

This result of increase found in fosfomycin E. coli re-
sistance may be explained by the fact that the overuse of bi-
ocides, during the COVID-19 outbreak, in Algeria. The Al-
gerian government has issued several decrees laying down 
additional measures to prevent the spread of coronavirus, 
according to World Health Organization’s guidance on the 
cleaning and disinfection of environmental surfaces in the 
context of COVID-19 [43]. These measures include mak-
ing disinfectant products available to users and customers, 
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in particular hydro-alcoholic gels, and daily cleaning and 
disinfection of business premises [27]. Algerian authori-
ties ordered the closure of all shops (except food stores) in 
all the national territory [20]. Hydroalcoholic solution was 
available for employees in 85 % and for customers only in 
4 %. In more than 70 % of cases, disinfection of surfaces, 
floors and door handles took place frequently according to 
survey of 115 service sector companies carried out in the 
prefecture of Setif (Algerian city) in order to evaluate the 
preventive measures taken by the service sector companies 
against the spread of the virus [14]. The Algeria Press Ser-
vice stated, on March 21, 2020, that several companies in 
the public and private sectors of the sanitation, disinfection 
and personal hygiene products sector have doubled their 
production capacity with the spread of the corona virus 
(COVID-19) in Algeria. The production capacity of the 
public sector companies specialized in the production of 
disinfectants and personal hygiene products is 1000 units/
day for disinfectant gel and liquid soap, 4000 litres/day for 
surface cleaners as well as 4500 units of bleach. This unit 
should increase its production capacity to 3000 units/day 
of disinfectant gel and liquid soap, 20000 litres of floor 
cleaner as well as 10000 bottles of bleach [2].

The primary cause of AMR is the extensive use of 
antibiotics; furthermore, increased biocides usage will 
increase AMR by co-resistance [33]. The excessive use 
of antiseptics and biocides leads to resistance against 
these compounds and cross-resistance to antibiotics [42].  
M e r c h e l – P i o v e s a n – P e r e i r a  et al [24] system-
atically performed adaptive laboratory evolution of the gut 
bacteria E. coli in the presence of sub-inhibitory, constant 
concentrations of ten widespread biocides. Their results 
showed that 17 out of 40 evolved strains (43 %) decreased 
the susceptibility to medically relevant antibiotics [26].

There is little published research about the possible 
role played by biocide residues (present on inanimate 
objects or skin) acting as a selective influence for antibi-
otic-resistant bacteria [35]. This is particularly pertinent 
with the increased usage of biocidal products and the us-
age conditions in animal husbandry [22]. The antibiotic 
resistance was highly associated with disinfectant. The 
farms or processing environment may be a major source 
for cross-contamination with Salmonella. Therefore, the 
retail meats may be a reservoir for the dissemination of 
antibiotic resistant Salmonella and using disinfectants for 
decontamination in live-stock may provide a pressure for 

co-selecting strains with acquired resistance to other anti-
microbials [6]. Extensive use of antimicrobial processing 
aids (APA) at sub-lethal concentrations in poultry process-
ing operations may lead to the selection of antibiotic-re-
sistant bacteria and may represent a public health concern 
[32]. Biocides displayed strong selective pressures on an-
tibiotic resistance genes exerted by intensive farming [19]. 
The genetic evidence presented here clearly suggests these 
non-antibiotic factors including biocides contribute to the 
maintenance of AMR in pig farming [19].

CONCLUSIONS

Many in vitro studies have often resulted in reduced 
susceptibility to biocides and increased minimal inhibitory 
concentrations for antimicrobial agents. This study exam-
ined in vivo the effect of the excessive use of disinfectants 
and biocides as a means of controlling the spread of the 
virus during the COVID-19 pandemic on the resistance of 
E. coli to fosfomycin in poultry meat. Poultry meat pur-
chased after COVID-19 appearance was found to be relat-
ed to fosfomycin E. coli resistance.

Conflict of interest

The authors declare no conflicts of interest related to 
this report. 

REFERENCES

1.	 Ansari, S., Hays, J. P., Kemp, A., Murugaiyan, J., 

Ekwanzala, M. D., Van-Dongen, M. B., 2021: The potential 

impact of the COVID-19 pandemic on global antimicrobial 

and biocide resistance: An AMR Insights global perspective. 

JAC-Antimicrobial Resistance, 3, 2, dlab038. DOI: 10.1093/

jacamr/dlab038.

2.	 Algeria Press Service, 2020: Fight against Covid19: Pharma-

ceutical products companies double production. Available at 

https://www.aps.dz/sante-science-technologie/103288-coro-

navirus-des-entreprises-doublent-leur-production-en-pro-

duits-de-desinfection. Accessed on March 21, 2020.

3.	 Baker-Austin, C., Wright, M. S., Stepanauskas, R., Mcar-

thur, J. V., 2006: Co-selection of antibiotic and metal resist-



28

ance. Trends Microbiol., 14, 4, 176‒182. DOI: 10.1016/j.

tim.2006.02.006.

4.	 Bouiller, K., Zayet, S., Lalloz, P. E., Potron, A., Gendrin, 

V., Chirouze, C., 2022: Efficacy and safety of oral fosfomy-

cin-trometamol in male urinary tract infections with multid-

rug-resistant Enterobacterales. Antibiotics, 11, 2, 198. DOI: 

10.3390/antibiotics11020198.

5.	 Cyoia, P. S., Koga, V. L., Nishio, E. K., Houle, S., Dozois, 

C. M., De Brito, K. C. T., 2019: Distribution of ExPEC vir-

ulence factors, bla CTX-M, fos A3, and mcr-1 in Escherichia 

coli isolated from commercialized chicken carcasses. Front. 

Microb., 9, 3254. DOI: 10.3389/fmicb.2018.03254.

6.	 Deng, W., Quan, Y., Yang, S., Guo, L., Zhang, X., Liu, S., 

2018: Antibiotic resistance in salmonella from retail foods of 

animal origin and its association with disinfectant and heavy 

metal resistance. Microb. Drug Res., 24, 6, 782‒791. DOI: 

10.1089/mdr.2017.0127.

7.	 Dewey, H. M., Jones, J. M., Keating, M. R., Bud-

hathoki-Uprety, J., 2021: Increased use of disinfectants 

during the COVID-19 pandemic and its potential impacts on 

health and safety. ACS Chem. Health Saf., 29, 1, 27‒38. DOI: 

10.1021/acs.chas.1c00026.

8.	 Food and Drug Administration (FDA), 2020: BAM Chapter 

4; Enumeration of Escherichia coli and the coliform bacteria. 

Bacteriological Analytical Manual (BAM). Available at https://

www.fda.gov/food/laboratory-methods-food/bam-chap-

ter-4-enumeration-escherichia-coli-and-coliform-bacteria. 

Updated October 10, 2020. Accessed January 01, 2018.

9.	 Forbes, S., Dobson, C. B., Humphreys, G. J., McBain, A. 

J., 2014: Transient and sustained bacterial adaptation follow-

ing repeated sublethal exposure to microbicides and a novel 

human antimicrobial peptide. Antimic. Agents Chemother., 

58, 10, 5809‒5817. DOI: 10.1128/aac.03364-14.

10.	Gadea, R., Fuentes, M. Á. F., Pulido, R. P., Gálvez, A., 

Ortega, E., 2017: Effects of exposure to quaternary-ammo-

nium-based biocides on antimicrobial susceptibility and tol-

erance to physical stresses in bacteria from organic foods. 

Food Microbiol., 63, 58‒71. DOI: 0.1016/j.fm.2016.10.037.

11.	 Getahun, H., Smith, I., Trivedi, K., Paulin, S., Balkhy, 

H. H., 2020: Tackling antimicrobial resistance in the COV-

ID-19 pandemic. Bull. WHO, 98, 7, 442. DOI:  10.2471/

BLT.20.268573.

12.	Guergueb, N., Alloui, N., Ayachi, A., Aoun, L., Chachoua, 

I., 2021: Factors associated with bacterial contamination of 

poultry meat at butcher shops in Biskra, Algeria. Veterinars-

ka Stanica, 52, 4, 429‒437. DOI: 10.46419/vs.52.4.3.

13.	Gutema, G., Homa, G., 2022: Cropping up crisis at the nex-

us between COVID-19 and antimicrobial resistance (AMR) 

in Africa: A scoping review and synthesis of early evidence. 

Cureus, 14, 1. DOI: 10.7759/cureus.21035.

14.	Hamadouche, M., Allouche, S., 2020: Assessment of pre-

ventive measures application against Covid-19 in the work-

place. La Tunisie Medicale, 98, 8, 625‒632.

15.	Ho, P. L., Chan, J., Lo, W. U., Law, P. Y., Li, Z., Lai, E. 

L., 2013: Dissemination of plasmid-mediated fosfomycin 

resistance fosA3 among multidrug-resistant Escherichia coli 

from livestock and other animals. J. Appl. Microbiol., 114, 3, 

695‒702. DOI: 10.1111/jam.12099.

16.	Huang, Y., Lin, Q., Zhou, Q., Wan, L. L. M., Gao, X., Liu, 

J. H., 2020: Identification of fosA10, a novel plasmid-me-

diated fosfomycin resistance gene of Klebsiella pneumoniae 

origin in Escherichia coli. Inf. Drug Resist. 13, 1273. DOI: 

10.2147/IDR.S251360.

17.	Ibacache-Quiroga, C., Oliveros, J. C., Couce, A., 

Blazquez, J., 2018: Parallel evolution of high-level amino-

glycoside resistance in Escherichia coli under low and 

high mutation supply rates. Front. Microbiol., 9, 427. DOI: 

10.3389/fmicb.2018.00427.

18.	Kampf, G., 2018: Biocidal agents used for disinfection can 

enhance antibiotic resistance in gram-negative species. Anti-

biotics, 7, 4, 110. DOI: 10.3390/antibiotics7040110.

19.	Li, X., Rensing, C., Vestergaard, G., Arumugam, M., 

Nesme, J., Gupta, S., Sørensen, S. J., 2022: Metagenomic 

evidence for co-occurrence of antibiotic, biocide and metal 

resistance genes in pigs. Environ. Int., 158, 106899. DOI: 

10.1016/j.envint.2021.106899.

20.	Lounis, M., 2020: COVID-19 in Algeria: Chronology and 

evaluation of preventive actions. Electronic J. Med. Educ. 

Technol., 13, 1, em2001. DOI: 10.30935/ejmets/8012.

21.	Lucas, A. E., Ito, R., Mustapha, M. M., McElheny, C. L., 

Mettus, R. T., 2017: Frequency and mechanisms of spon-

taneous fosfomycin non susceptibility observed upon disk 

diffusion testing of Escherichia coli. J. Clin. Microbiol., 56, 

1, e01368‒17. DOI: 10.1128/jcm.01368-17.

22.	Maillard, J. Y., 2018: Resistance of bacteria to biocides. Mi-

crobiol. Spec., 6, 2, 6‒2. DOI: 10.1128/microbiolspec.arba-

0006-2017.

23.	Manges, A. R., Johnson, J. R., 2012: Food-borne origins of 

Escherichia coli causing extraintestinal infections. Clin. Inf. 

Dis., 55, 5, 712‒719. DOI: 10.1093/cid/cis502.

24.	Merchel-Piovesan-Pereira, B., Wang, X., Tagkopoulos, 

I., 2021: Biocide-induced emergence of antibiotic resistance 



29

in Escherichia coli. Front. Microbiol., 12, 640923. DOI: 

10.3389/fmicb.2021.640923.

25.	Ministry of Agriculture and Rural Development of Alge-

ria, 2018: List of Medicines for Veterinary Use Registered as 

of 24/10/2018. 57 pp.

26.	Mottet, A., Tempio, G., 2017: Global poultry produc-

tion: Current state and future outlook and challenges. 

World’s Poult. Sci. J., 73, 2, 245‒256. DOI: 10.1017/

S0043933917000071. 

27.	Executive Decree No. 20-159 of June 13, 2020: Reorgan-

ization of home confinement and the measures taken within 

the framework of the prevention and control system against 

the spread of Coronavirus (COVID-19). Official Journal 

of the Algerian Democratic and Popular Republic. No. 35, 

2020, page 18.

28.	O’Neill, J., 2016: Tackling drug-resistant infections global-

ly: Final report and recommendations. Review on Antimicro-

bial Res. Wellcome Trust, London, UK, 80 pp. Available at 

https://apo.org.au/sites/default/files/resource-files/2016-05/

apo-nid63983.pdf. 

29.	Ramadan, H., Soliman, A. M., Hiott, L. M., Elbediwi, M., 

Woodley, T. A., Jackson, C. R., 2021: Emergence of multi-

drug-resistant Escherichia coli producing CTX-M, MCR-1, 

and FosA in retail food from Egypt. Front. Cell. Inf. Microbi-

ol., 559. DOI: 10.3389/fcimb.2021.681588.

30.	Raz, R., 2012: Fosfomycin: An old-new antibiotic. 

Clin. Microbiol. Inf., 18, 1, 4‒7. DOI: 10.1111/j.1469-

0691.2011.03636.x.

31.	Rehman, M. A., Hasted, T. L., Persaud-Lachhman, M. G., 

Yin, X., Carrillo, C., Diarra, M. S., 2019: Genome analy-

sis and multiplex PCR method for the molecular detection 

of co-resistance to cephalosporins and fosfomycin in Sal-

monella enterica serovar Heidelberg. J. Food Prot., 82, 11, 

1938‒1949. DOI: 10.4315/0362-028X.JFP-19-205.

32.	Rhouma, M., Romero-Barrios, P., Gaucher, M. L., 

Bhachoo, S., 2021: Antimicrobial resistance associat-

ed with the use of antimicrobial processing aids dur-

ing poultry processing operations: Cause for concern? 

Crit. Rev. Food Sci. Nutr., 61, 19, 3279‒3296. DOI: 

10.1080/10408398.2020.1798345.

33.	Rizvi, S. G., Ahammad, S. Z., 2022: COVID-19 and an-

timicrobial resistance: A cross-study. Sci. Total Envir., 807, 

150873. DOI: 10.1016/j.scitotenv.2021.150873.

34.	Rodríguez-Baño, J., Rossolini, G. M., Schultsz, C., Tac-

conelli, E., Murthy, S., Ohmagari, N., 2021: Antimicro-

bial resistance research in a post-pandemic world: Insights 

on antimicrobial resistance research in the COVID-19 pan-

demic. J. Glob. Antimicrob. Res., 25, 5‒7. DOI: 10.1016/j.

jgar.2021.02.013.

35.	Russell, A. D., 2002: Biocides and pharmacologically active 

drugs as residues and in the environment: is there a corre-

lation with antibiotic resistance? Am. J. Inf. Cont., 30, 8, 

495‒498. DOI: 10.1067/mic.2002.124676.

36.	Seneghini, M., Rüfenacht, S., Babouee-Flury, B., Flury, 

D., Schlegel, M., Kohler, P. P., 2022: It is complicated: Po-

tential short-and long-term impact of coronavirus disease 

2019 (COVID-19) on antimicrobial resistance. An expert 

review. Antimicrob. Stewardship Healthcare Epidem., 2, 1, 

e27. DOI: 10.1017/ash.2022.10. 

37.	Sharma, P., Gupta, S. K., Adenipekun, E. O., Jarrett, J. 

B., Hiott, L. M., Woodley, T. A., 2020: Genome analysis of 

multidrug-resistant Escherichia coli isolated from poultry in 

Nigeria. Foodborne Path. Dis., 17, 1, 1‒7. DOI: 10.1089/

fpd.2019.2659.

38.	Slipski, C. J., Zhanel, G. G., Bay, D. C., 2018: Biocide se-

lective TolC-independent efflux pumps in Enterobacteriace-

ae. J. Membr. Biol., 251, 1, 15‒33. DOI: 10.1007/s00232-

017-9992-8.

39.	Soliman, A. M., Ramadan, H., Zarad, H., Sugawara, Y., 

Yu, L., Sugai, M., 2021: Coproduction of Tet (X7) confer-

ring high-level tigecycline resistance, fosfomycin FosA4, 

and colistin Mcr-1.1 in Escherichia coli strains from chickens 

in Egypt. Antimicrob. Agents Chemother., 65, 6, e02084‒20. 

DOI: 10.1128/aac.02084-20.

40.	Ten-Doesschate, T., Van-Werkhoven, H., Meijvis, S., 

Stalenhoef, J., Van-Zuilen, A., De-Vries, A., 2019: Fos-

fomycin-trometamol for urinary tract infections in kidney 

transplant recipients. Transplantation, 103, 6, 1272‒1276. 

DOI: 10.1097/TP.0000000000002427.

41.	Thomas, C. T. 4th, Oladeinde, A., Kieran, T. J., Finger, W. 

F. Jr., Bayona-Vásquez, N. J., et al., 2020: Co-occurrence 

of antibiotic, biocide, and heavy metal resistance genes in 

bacteria from metal and radionuclide contaminated soils at 

the Savannah river site. Microb. Biotech., 13, 4, 1179‒1200. 

DOI: 10.1111/1751-7915.13578. 

42.	Venter, H., Henningsen, M. L., Begg, S. L., 2017: Anti-

microbial resistance in healthcare, agriculture and the envi-

ronment: the biochemistry behind the headlines. Essays Bio-

chem., 61, 1, 1‒10. DOI: 10.1042/EBC20160053. 

43.	World Health Organization (WHO), 2020: Cleaning and 

Disinfection of Environmental Surfaces in the Context of 

COVID-19. Interim guidance, 15 pp.



30

44.	Yang, C., M. Rehman, A., Yin, X., Carrillo, C. D., Wang, 

Q., Yang, C., 2021: Antimicrobial resistance phenotypes and 

genotypes of Escherichia coli isolates from broiler chickens 

fed encapsulated cinnamaldehyde and citral. J. Food Prot., 

84, 8, 1385‒1399. DOI: 10.4315/JFP-21-033.

45.	Yang, X., Liu, W., Liu, Y., Wang, J., Lv, L., Chen, X., 

2014: F33: A-: B-, IncHI2/ST3, and IncI1/ST71 plasmids 

drive the dissemination of fosA3 and blaCTX-M-55/-14/-65 in Es-

cherichia coli from chickens in China. Front. Microbiol., 5, 

688. DOI: 10.3389/fmicb.2014.00688.

46.	Zhang, L., Kinkelaar, D., Huang, Y., Li, Y., Li, X., Wang, 

H. H., 2011: Acquired antibiotic resistance: Are we born 

with it? Appl. Environ. Microbiol., 77,  20, 7134‒7141. DOI: 

10.1128/AEM.05087-11.

47.	Zurfluh, K., Treier, A., Schmitt, K., Stephan, R., 2020: 

Mobile fosfomycin resistance genes in Enterobacteriaceae ‒ 

an increasing threat. Microbiologyopen, 9, 12, e1135. DOI: 

10.1002/mbo3.1135.

Received September 21, 2023

Accepted February 6, 2024


