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Abstract

On a field level among poultry flocks a study was conducted to estimate the efficacy of the most common disinfectants
against E. coli (APEC isolates) was determined. The selected disinfectants were; Formalin, Phenol, QAC, Halamid,
Virkon" S and Micro Sept M against E. coli isolates of commercial egg- layer flocks in Egyptian farms. The recovered
results showed that: (1) the incidence of E. coli in the observed commercial egg-layer flocks; the isolation of E. coli (APEC
of rfb0157 gene ) from 4 commercial egg-layer flocks (26.7 %) out of 15 flocks, the mortalities rates at the end of 78
weeks of age was 20% and also, the current egg-production, average egg weight, hen housed day, hen housed egg and
percent peak of egg-production were: 69.2%,58.3 gm, 70%,326,78% and 69%,respectivel. (2) Formalin, Micro Sept M
and Virkon'S treatment demonstrated a significant reduction in E. coli populations especially by cold fogging method.
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1. Introduction

Colibacillosis, a syndrome caused by Escherichia coli, is one of the most common infectious bacterial diseases of the layer
industry. E. coli are always found in the gastrointestinal tract of birds and disseminated widely in faeces; therefore, birds
are continuously exposed through contaminated faeces, water, dust and the environment [1]. Escherichia coli infection
leads to high morbidity and mortality causing economic losses on a farm especially at the peak of egg production and at
the production cycle.

Infectious diseases of poultry are responsible for tremendous economic losses in the poultry production worldwide.
Most of these diseases are caused by bacterial pathogens. Colibacillosis refers to any localized or systemic infection
caused entirely or partly by avian pathogenic Escherichia coli [2]. It is an economic problem due to reduction of feed
intake, growth retardation, uniformity reduction, and mortality as well as it causes respiratory problems and act as a
welfare issue consequently, it is globally spreading infectious disease that represents a main concern in the poultry
industry. [3].

Colibacillosis in egg-laying flocks is characterized by acute mortality without prior clinical signs of disease and with a
some effect on egg-laying, production and quality. Normally, colibacillosis is a secondary infection that appears after a
situation of immune-suppression caused by another bacterial or viral infection, although Vandekerchove et al,
2004b [4] proposed that it may act as a primary pathogen as well. Furthermore, this situation is made complicated by
environmental stress such as improper ventilation, temperature, and dust [5]. The common route of infection is mostly
via the respiratory tract which usually followed by septicemia.
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Using disinfectants without evaluation & adequate validation may cause the increased selective pressure on the
pathogen that, leading to the gradual or slow decrease in susceptibility or resistance of the pathogens to the
disinfectants used and even cross-resistance to antibiotics of public health concerns [6]. Thus, improper sanitation
procedures might be ineffective in disease control lowering bird performance [6]. So, the evaluation of the efficacy the
disinfectants’ must be considered in priority for the selection of the suitable disinfectant that reducing or minimizing
the bacterial load.

The current study was conducted to evaluate some commercially available disinfectants against Escherichia coli.

2. Material and methods

2.1. Egg-layer flocks

15 voluntary commercial egg-layer flocks (Hy-line) were visited between October 2019 and January 2021. Individual
cloacal and tracheal swabs were collected from 300-layer hens. The mean flock size was 10,000 birds were kept for eggs
production.

2.2. Properties of the house

Natural housing with Ventilation system - Floor system on litter -Capacity- 10.000 hens - Stocking density m? / bird -
7.5 - 8 -Lighting system included of 16 h light and 8 h dark. Birds had free access to food and drink. They received all
necessary vaccinations except for E. coli.

2.3. Samples collection

Swab samples were collected from cloaca and tracheal of the commercial layer flocks (Triple swabs). Swab samples, the
total of 600 samples (tracheal and cloacal were collected from the commercial layer flocks. Samples were collected
aseptically and transferred immediately into sterile Petri-dishes. The samples were then brought to the laboratory, and
were subjected to various bacteriological and biochemical examination in the laboratory. Case history and the
performance of each flock were recorded.

2.4. Isolation of E. coli

Samples were sent on ice to the Laboratory, stored overnight, and tested the following day. Testing for E. coli was
performed according to the standardized methods currently used in the U.S. Food and Drug Administration. 2001. [7]
(for fecal samples. Briefly, swab samples were added in 10 ml BPW, and incubated for 37°C + 1°C for 18 h + 2 h for pre-
enrichment. Selective media like blood agar, Eosin Methylene Blue (EMB) Agar or MacConkey are used for isolating E.
coli (Arathy et al,, 2011; Khatun et al,, 2015) [8,9].

2.5. Biochemical Tests

Nutrient Broth (NB) and Nutrient Agar (NA) were used to grow the organisms from the collected samples before
performing biochemical test according to the procedure describe by Cheesebrough [10]. Eosin Methylene Blue (EMB)
agar medium was used for observing growth of E. coli. Suspected isolates of E. coli organisms were identified according
to MacFaddin [11].

2.6. Serological identification of E. coli

The isolates were serologically identified according to Kok et al. [12] by using rapid diagnostic E. coli antisera sets
(Denka Seiken Co., Japan) for diagnosis of the Enteropathogenic types.

2.7. Polymerase Chain Reaction (PCR) Using E. coli rfbO157gene (Maurer et al., 1999)

Ten sero-typed APEC isolates were tested for the presence of rfb0157 gene, encoding E. coli species, by PCR technique
were detected on PCR-confirmed APEC isolates. DNA extracts were prepared by the boiling method according to
Sambrook et al. [13].

134



GSC Advanced Research and Reviews, 2022, 10(01), 133-144

Table 1 Designed primers of rfb0157 gene, encoding E. coli species

Primer Target gene | Gene product | PCR amplicon (bp) | Reference

CGTGATGATGTTGAGTTG rfb0157 LPS 0157 420 Maurer et al,, 1999 [14]

Figure 1 PCR assay for E. coli. Lane 1: Ladder DNA 1kbp; Lane 2: (positive control); Lane3: negative control and Lane
4-10 specific amplification at 420 bp of DNA of isolates
2.8. Evaluate some commercially available Disinfectants

The efficacy of some common disinfectants was tested on pathogenic strain of Escherichia coli. The experiment carried
out as a field study by different methods of application inside poultry house (Low & high rates of spray and Cold

Fogging).
2.9. Experimental test

Experimental test units were 1-ft2 floor plots randomly blocked with a 1-ft2 space between each experimental plot. The
treatments consisted of 6 different disinfectants, which included: Formalin, Phenol, QAC, Halamid, Virkon'S and Micro
Sept M and a control. Each disinfectant was prepared according to the manufacturers’ recommendations using distilled
water(Formalin 4 % (v/v) , Phenol 5 % (v/v), Diluted 1: 3 ,Halamid Diluted 1: 18, Virkon S 1% (w/v) potassium
peroxymonosulfate and sodium chloride in Hz o, Micro Sept M 1: 5 (for spraying)).

2.10. Preparation of microbial culture

Escherichia coli were propagated using pour plate method, [15]. A loopful was transferred from all bacterial strains that
was stored onto nutrient slopes into 10 ml nutrient broth and incubated at 37C for 20-24 h.

One ml from in-activator tubes was used for the bacterial count using pour plate method [16]. The colony count of
bacteria on each plate was carried out. The calculation was applied using the following formula:

Log (average CFU/ drop vol.) (Dilution factor) (Vol. scrapped into/ surface area) [17, 18].

2.11. Bacterial Inoculation into plots
For each experimental plot the inoculums (10 ¢8 of E. coli per ml) were applied via pipette, and the inoculation rate of
40 ml was chosen due to its ability to create a good surface coverage. 40 ml/plot via pipette were applied for each plot,
whereas the positive control plots received 40 ml/plot of distilled water.
2.12. Application of the disinfectants [19]
Six treated plots for bacterial pathogen and 2 as control (each group for one disinfectant).

e Asa coarse spray at a low application rate of 55 ml/plot to create a good surface coverage.

e Asaspray at a high application rate of 125 ml/plot (. as a common disinfectant usage level of 500 gal/16,000
ft2)
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e As cold fogging: a rate of 125 ml/plot (fogging for 5 min) was chosen because it correlated to a common
disinfectant usage level. Disinfectant Fog Machine of nano-atomizer adjustable fogger. Two untreated plots,
receiving no disinfectant, served as the negative control group.

In the trial (a 5 x 2 factorial design), none-half of the plots for each disinfectant were sampled 15-min post-application
with the remaining half sampled 6-h and 24-h post-application. Surface samples were taken using cellulose drag
sponges contained in sterile whirl pack bags [20] that were hydrated with 20 mL of laboratory prepared Butterfield’s
phosphate diluents (BPD) [21] prior to sampling. Sponges were used to sample the surface of the plot. A was then placing
each sponge into sterile bottles containing 180 ml of BPD (1: 10 dilution). Samples were put in ice packs and transported
to the laboratory.

2.13. Counting

Briefly, BPD samples were incubated at 37°C for 24 h, and then 1 mL was transferred into 9 mL nutrient broth and
incubated at 37°C for 24 h. One ml from broth was used for the bacterial count using pour plate method [15]. The
numbers of survival bacteria on each plate were counted. The calculation was carried out using the following formula:
Log (average CFU/ drop vol.) (Dilution factor) (Vol. scrapped into/ surface area) [17, 18].

2.14. Statistical Analysis

Data were converted to logio values prior to analysis. Individual plots were the experimental units. Disinfectant and
exposure time were the main effects for factorial analysis of the field trials. For the trials, disinfectants were compared
using a 1-way ANOVA. Variables having a significant F-test were compared and were considered to be significant at P <
0.05.

Percent Reduction = 1 x 100

Where: A is the number of microorganism before treatment: is the number of microorganism after treatment.
. A
Log Reduction = log1o p

3. Results

Table 2 The incidence of Escherichia coli in observed commercial egg-layer flocks

The incidence | No. of infected flocks | Percent

Escherichia coli 4 26.7 %

*Number of infected flocks = 4 (26.7 %).
* Number of studied flocks = 15
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Incidence
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Figure 2 The incidence of Escherichia coli in observed commercial egg-layer flocks: The results showed that:
Escherichia coli were isolated from 4 commercial egg-layer flocks (26.7 %) out of 15 flocks
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Table 3 Effect of Escherichia coli infection on egg production and mortality

erformance Egg production at 78 W Average Aver egg Mort
production
Current | Aver.egg | Hen Hen Housed | Percent Cycle of | At78W
Pathogens % Weight housed day | ¢gg Peak production | Ayer o,
Control 78 62.8 80 % 351 95% 86 % 4.6
E. coli 69.2 58.3 70% 326 78% 69 % 20%
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Figure 3 The results revealed that, there were a significant difference (P< 0.05) among the control flocks and the
infected ones infected by E. coli. In mortality rate (4.6, 20%), current percent egg-production (78 - 81, 69.2), average
egg weight (62.8, 58.3 gm), hen housed day (80 %, 70%), hen housed egg (351.7 -362.4, 316) and percent peak of egg-
production (95-97 %, 78%)

3.1. Effect of rate of application and exposure time of the disinfectant on E. coli of poultry floor.

Table 4 The effect of low rate of application and exposure time on E. coli of poultry floor

E. coli Count

Time 15min | 6hr. | 24hr
Control 7.2 7.2 6.8

Formalin 5.8v 5.75b | 5.72b
Phenol 6.1b 6b 5.9v
QAC 6.1b 6.2b | 6.1b
Halamid 5.9b 5.8b 5.8b
Virkon'S 4.72 4.6 | 4.552

A-b Column values with different superscripts differ significantly (P < 0.05). A 10-ml application rate per plot (surface coverage). 2n = 6 plots per

disinfectant in the floor
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Figure 4 The effect of low rate of application and exposure time on E. coli of poultry floor

Table 5 The effect of high rate of application and exposure time on E. coli of poultry floor

E. coli Count

Time 15min | 6 hr. | 24hr
Control 7.2 7.2 6.8
Formalin | 4.822 4.652 | 4.72
Phenol 4.1a 4a 3.92
QAC 5.14b 5.2b 5.12b
Halamid | 4.92 4.82 4.82
Virkon'S 4.7 4.6 4,552
I. sept 3.9a 3.82 3.82

A-b Column values with different superscripts differ significantly (P < 0.05). A 125-mL application rate per plot (common usage level of 500
gal/16,000 ft2). 2n = 12 plots per disinfectant in the floor

Effect of high rate of application and exposure
time on E.coli

Count logl0
w

il

Control Formalin Phenol

QAC Halamid Virkon's
Disinfectants

l. sept

m Low
B High
Fog

Figure 5 The effect of high rate of application and exposure time on E. coli of poultry floor
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Table 6 The effect of fogging application and exposure time on E. coli of poultry floor

E. coli Count

Time 15min | 6 hr. | 24hr

Control 7.2 7.2 6.8

Formalin 4,822 3.752 | 3.772

Phenol 4,12 3.72 3.9
QAU 5.22 5.22 5.12a
Halamid 4,62 4.62 4,82

Virkon'S 4.7 4.62 | 4.552

I. sept 3.9a 3.8 3.8

A-b Column values with different superscripts differ significantly (P < 0.05). 1A 55-mL application rate per pan (common usage level of 500
gal/16,000 ft2). 2n = 6 pans per disinfectant. Control: E. coli =7.2

Effect of fogging application and exposure time
on E.coli

1)l

Control Formalin Phenol QAC Halamid Virkon'S |I. sept
Disinfectants

Count logl0
(%)

Figure 6 The effect of fogging application and exposure time on E. coli of poultry floor

Table 7 The effect of disinfectants exposure time (15min) when applied at low, high and fogging application rates on E.
coli populations obtained from a poultry house floor (log10 reduction)

E. coli Count

Time low | high | fog
Formalin 242 | 2.382 | 3.382
Phenol 0.9b 3.12 | 3.49a
QAC 0.9b | 1.04P 2b
Halamid 1.3b | 2.3a 3.62
Virkon'S 2.5 3.5 3.5
Micro SeptM | 2.32 3.3a 5.1a

A-b Column values with different superscripts differ significantly (P < 0.05). 1A 55-mL application rate per pan (common usage level of 500
gal/16,000 ft2). 2n = 6 pans per disinfectant. Control: E. coli =7.2
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Log 10 Reduction of low,high rate and fogging
application after 15 min exposure time on E.coli

1lail
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Figure 7a The effect of disinfectants exposure time (15min) when applied at low, high and fogging application rates
on E. coli populations obtained from a poultry house floor (log10 reduction)
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Figure 7b Using phenols, QAC and Halamid at concentration of5%, 5 % and 18 % by fogging other than spraying had
increased action on the tested pathogens E. Coli after 15 min contact time (the increased percent were; 12%, 96 % and
13 %, respectively).

4. Discussion

4.1. Incidence of Escherichia coli

The etiology of colibacillosis can be either due to primary infection with poultry pathogenic Escherichia coli (APEC) or
due to secondary and/or (opportunistic) infection after a primary insult has occurred. E. coli are gram-negative, rod-
shaped bacteria considered normal inhabitants of the avian digestive tract. While most strains are considered to be non-
pathogenic, certain strains have the ability to cause clinical disease

Polymerase chain reaction (PCR) analysis of E. coli 0157 virulence markers revealed that all 0157: H7/ isolates were
positive rfbo1s7 (Table 1 and Fig.1)

The incidence of E. coli in studied commercial egg-layer flocks; the isolation of E. coli was from 4 commercial egg-layers
flocks (26.7 %) out of 15 flocks, and 18 isolates (Table 2 and Fig.2). This indicated that, the pathogen’s horizontal
transmissibility characteristics among birds of a same flock.

The global poultry industry loses millions of dollars every year because of Colibacillosis. Caused by infection with Avian
Pathogenic Escherichia Coli (APEC), Colibacillosis is among the most morbid and mortal of poultry bacterial infections
(Kabir et al.,,2010)[22], which in turn leads to significant reduction in the production of poultry meat and eggs (Kabir et
al,,2017) [23]. The disease appears in different forms from acute (septicemia) to sub-acute including pericarditis,
perihepatitis, arthritis, airsacculitis and cellulitis (Calnek et al., 1997) [24].
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Escherichia coli were isolated from the lesions of the infected layer-birds. Serotype strains that belonged to somatic
groups’ of no previous clinical manifestations, they were characterized severe lesions of septicemia and fibrinous
polyserositis and sudden mortality whish may reach to 4.0% or more [25].

4.2. Effect of Escherichia coli infection on egg production and mortality

The results revealed that, there were a significant difference (P< 0.05) among the control flocks (Standard) and the
infected ones by Escherichia coli. The mortality rate at the end of 78 weeks of age was 20% and also, the current egg-
production, average egg weight, hen housed day, hen housed egg and percent peak of egg-production were: 69.2%, 58.3
gm, 70%, 326, 78% and 69%), respectively. (Table 3 and Fig.3).

Escherichia coli in layers and breeders, it is usually subclinical, but causes a reduction in the number of eggs laid per
hen over the production cycle. In laying poultry the infection is by the respiratory route. It can existed viable and
survive in varying reservoirs within a poultry environment. Among these reservoirs, food, drinking water, feathers,
droppings or dust are the most common.

.The impact of colibacillosis on laying hens of the Hy-Line lineage (at 32 weeks old) characterized by approximately
40% laying, per day and large number of birds affected with diarrhea and then apathy followed by death [26]. Pathogenic
strains are commonly of the 01, 02 and 078 serotypes. Since E. coli is a common inhabitant of the intestine, it is widely
disseminated in faecal material and litter. Sources of E. coli infection for a flock may be contaminated drinking water, ration
& feed, ingredients and rodent droppings [27].

Da Rosa et al,, 2020, [28] proved that colibacillosis was the cause of oxidative stress in poultry breeder flocks that,
negatively affecting their weight gain and egg production. Outbreaks of acute mortality in layer flocks were occurred in
Europe, due to colisepticaemia have frequently been observed since the mid-1990s. Disease was usually acute without
clinical symptoms [29].

4.3. Evaluation the efficacy of the selected disinfectants to reduce Escherichia coli

The empty houses of poultry flocks after birds are eliminated or transferred from the house are left contaminated with
different microbial groups. Cleaning and disinfection of empty houses are a significant or utmost step in prevention and
controlling diseases in large-scale poultry farms. Disinfection can reduce or Kkill potential pathogenic microorganisms
in the house and prevent the transmission of pathogenic microorganisms between batches. To prevent or control the
occurrence of infectious diseases in poultry houses effectively, several disinfection procedures and steps have applied.

Selecting appropriate cleanizers and disinfectants as well as disinfection methods such as cleaning, soaking, fumigating,
spraying, and UV irradiating can minimizing microbial loads in the farm.

The current observations and reports showed that most of the poultry farms do not practice the benchmark guidelines
of bio-security [30]. Spraying disinfectants in sheds and removing feces were the only sanitation schemes adopted in
the farms [31, 32]. In addition, disinfectants are used without regular validation and adequate evaluation of efficacy.
The efficacy of the disinfectants is affected by formulation & concentration, level of organic matter, humidity & moisture
content, temperature, pH and hardness of water, and other factors [33, 34].

4.3.1. Effect of low rate of application

E. coli was affected significantly with Virkon'S, compared with the control group and other disinfectants when applied
at the low application rate (P < 0.05) (Table 4 and Fig. 4). The lack of response for the disinfectant treatment is in
agreement with literature, as not all products work the same on varying types of pathogens; therefore, the disinfectant
should be evaluated in the field for the specified application to ensure its effectiveness [34]. Also most disinfectants do
not perform well when applied at low rate of application or in the presence of organic material [35-37]. It has been
recorded that ability of the Enterobacteriaceae groups to certain disinfectants, including QAC and substituted phenols,
may increase or decrease depending on cell density, growth rate and the limiting nutrient [37-39]

4.3.2. Effect of high rate of application

Disinfectants impacted and effect on Escherichia coli populations at the high application rates (The log 10 values their
log 10 were 4.82- 4.1, 5.14, 4.9, 4.7 and 3.9 for Formalin, Phenol, QAC, Halamid, Virkon'S and Micro Sept M where,
respectively) as shown in Table 4 and Fig. 4). Formalin, Phenol, Halamid, Virkon'S and Micro Sept M resulted
significantly (P < 0.05) in reduction of E. coli populations (log10 reduction were; 3.2, 4.2, 4, 3.75 and 2.52, respectively)
compared with the control.(Table 5 and Fig. 5).
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4.3.3. Effect of fogging application

Fogging the disinfectants were decreased Escherichia coli populations (The log 10 values of their log 10 were; 4.82-4.1,
5.14-4.9 4.7 and 3.9 for Formalin, Phenol, QAC, Halamid, Virkon'S and Micro Sept M where, respectively) as shown in
Table 6 and Fig. 6a).

From the results we observed that fogging by Formalin, Phenol, QAC, Halamid, Virkon'S and Micro Sept M resulted in
greatest reduction in E. coli populations where log10 reduction were: 3.3, 3.8, 3.49, 2, 3.6, 3.5 and 5.1, respectively). The
Micro Sept M, Halamid and Virkon'S treatment demonstrated a significant reduction in E. coli populations. Using
Phenols, QAC and Halamid at concentration of 5, 33.3 % and 5.5 % by fogging other than spraying had increased action
on the tested pathogens E. Coli after 15 min contact time (12%, 96 % and 13 %, respectively) (Table 7 and Fig. 7a and
7b).

Fogging machines to transform liquid into droplets that are dispersed into the atmosphere use large volumes of air at
low pressures. That type of fog- machine can give extremely small sized droplets with diameters ranging from 1-150
pm.

Thus, the small sized droplets are less carrier for the applied disinfectants, although the cover the required surfaces. If
the droplet diameter is reduced to 10 percent of its original size, then the number of droplets that can be formed will
increase a thousand-fold. In the small sized droplets composed of 105 molecules or more, will form a much of
dielectrons which resulted during the splitting process lead to the liberation of molecular hydrogen and
formation of two solvated hydroxide anions. All disinfectants need a minimum time of 5 - 10 minutes to destroy
various types of microorganisms in the absence of organic matter. [40].

5. Conclusion

The incidence of E. coli (APEC) in observed commercial egg-layer flocks was 26.7%. This indicated that, the pathogen'’s
horizontal transmissibility characteristics amongst birds of a same flock. The mortality rate, the current egg-production,
average egg weight, hen housed day, hen housed egg and percent peak of egg-production were severely affected by
Escherichia coli infection.

Disinfectants were affecting on Escherichia coli survival at high rate of application. It is evident that, fogging will increase
the efficacy of the used disinfectants for 15 min contact of exposure time. Proper care should be taken for the
application rates of the disinfectants, and to take into consideration factors, such as water pH, temperature, and surfaces
on which application will occur. To minimize persistent infections in the flock a highly effective disinfectant should be
used. It has been suggested that increased Escherichia coli susceptibility may occur from best management practices
that reduce exposure to protective gut flora, which can be found in litter. The intention of disinfectant programs in
poultry facilities is to reduce the populations of disease associated bacteria. However, if disinfectants are used without
properly cleaning the facility prior to application, then the effectiveness of the disinfectant may be compromised.
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