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Abstract

Introduction. The majority of infections in children with diarrhea are caused by gram-
negative bacteria; include Pseudomonas aeruginosa, Klebsiella pneumonia,and
Escherichia coli.

Purpose. To prove that house flies transmit bacteria that cause diarrhea in children by
comparing the genes between bacteria isolated from house flies and bacterial samples
from children with diarrhea.

Materials and methods. The research period is from July 2022 to January 2023 in Thi-Qar
Governorate. After morphological and microscopic diagnosis and biochemical tests, the
following results were obtained.

Results.The currentstudy showed thatthe mostisolated bacteriais E.coliwith a percentage
of (24.3%), followed by S. aureus (17.0%), followed by Klebsiella spp. (13.15%), while the
least isolated bacteria are Micrococcus (3.94%). When comparing the bacteria present in
flies with the bacteria isolated from pediatric patients with diarrhea, these bacteria, the
current study showed that the predominant bacteria was Escherichia coli from diarrhea
with a percentage of (44.63%), and Escherichia coli was (36.27%) in the dominant flies.
Staphylococcus aureus in flies followed (25.49%), while diarrhea followed (16.53%). On
the other hand, the least dominant bacterial species was S. pyogen in both diarrhea and
diarrheal flies with (8.82%) and (9.09%), respectively. As for the genetic diagnosis, it was
as follows S. aureus bacteria were the results of genes A (hlgB- lip — hysA) appeared in all
samples negative (Five samples from sick children infected with diarrhea and five from
houseflies). The following genes, (165fRNA gene, mecA gene) all ten samples showed
positive results. As for E. coli bacteria, results appeared as follows (16SrRNA -papAH - sfaS-
rfc- iha- mcr1) all ten samples showed positive results.
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Conclusions. This study proved House flies are carriers of pathogenic bacteria that cause
diarrhea in children under the age of ten through genetic diagnosis of the bacteria,
S. auers, E. coli (through the 16SrRNA gene) and some other genes.
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CpaBHuTenbHbI aHanu3 Hannuma HIgB, hysA, MecA,
papAH n apyrux reHoB B nsonatax 6aktepun E. coli
N S.aureus y aeten C gnuapeen v OMaLIHUX MyX

KOHGNUKT NHTepecoB: He 3asAB/eH.

Bknap aBTopoB: Anb-A [Ixamy PA.M. — KOHUEeNLMA, MeTOA0N0rnA, NPoBeAeHe NCCNeoBaHNI, pecypcbl, 06paboTka AaHHbIX,
HanuncaHne NCXOAHOro TeKCTa CTaTby, NporpammHoe obecneyeHve; Onemsu A.X. — HayyHoe PyKOBOACTBO, KOHLIENLMA, METOL0-
norua, opmanbHbIii aHanu3, NposefeHve nccnepoBaHuing Atna A.K. — HayuHoe pyKoBOACTBO, KOHLenuUus, meTogonorus, Gop-
MafbHbI aHanuU3, NpoBefeHne NccnefoBaHnii, pefakTupoBaHue.
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Pesiome

BBepeHme. bonbLIVHCTBO MHPEKLUI, COMPOBOXKAAOLWNXCA AUApeEl, Y AeTel Bbi3blBa-
I0TCA rpamoTpuLaTeNibHbIMK H6akTepraMY, BKNtouasa Pseudomonas aeruginosa, Klebsiella
pneumonia n Escherichia coli.

Lenb. [lokazaTb, UTO AOMALLHME MYXU SBISIOTCA NEePeHOCUYKamy 6aKTepuii, Bbi3biBato-
WX AMapeto y AeTel, MyTemM CPaBHEHUs TeHOB H6aKTepWid U3 N30/IATOB JOMALLHUX MyX U
13 06pa3LoB, NMOMYYEHHbIX OT JETEl C AUuapee.

Marepuanbi n metoabl. [epron npoBeaeHNs UccieqoBaHus — ¢ ntonsa 2022 . o AHBapb
2023 r. B Myxadaze Tu-Kap. BbinonHeHbl Mopdonornyeckas 1 MUKPOCKONUYECKas aua-
FHOCTUKQ, @ TaKXKe OBUOXMMUYECKME UCCIIE[0BaHUS.

PesynbraTtbl. HacTodAllee nccnenoBaHne nokasano, 4to Hanbonee yacto Bblgensaemon
6akTepuen asnaetca E. coli (24,3%), 3a Hen cnepyet S. aureus (17,0%) u Klebsiella spp.
(13,15%); pexe Bcero Bbigenanu Micrococcus (3,94%). B xone paHHOro uccnefoBaHuA
NPy CPaBHEHUWN KONMYeCTBa H6akTepunid, OOHaPY>KEHHbIX B MyXax, C KOIMYeCTBOM OaKTe-
puii B N30MATax NeanaTprUYecKnx NaunueHToB C AUapeeit 6bi10 YCTaHOBJIEHO, YTO B Kaso-
BbIX Maccax feTel ¢ guapeen npeobnaganu Escherichia coli B 44,63% cnyuaes, a B my-
xax — Escherichia coli (36,27%). CogeprkaHune Staphylococcus aureus B Myxax cOCTaBUIO
25,49%, a B KanoBbIx Maccax — 16,53%. HavmeHee pacnpoCTpaHeHHbIMK KaK B KanoBbIX
Maccax fieTel ¢ Arapeen, Tak 1 B Myxax 6biu S. pyogen — 8,82% 11 9,09% COOTBETCTBEHHO.
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Mpu aHann3e obpasuoB., cogepxawux S. aureus, Ha Hanuure reHoB A (hlgB- lip — hysA)
(NATb N30NATOB OT AeTel C AMapeent 1 NATb U30NATOB 13 MyX) BO BCeX ciyyasax Obin no-
nyyeH oTpuUaTenbHbIA pe3ynbTat. [pu aHanuse 3Tux e o0pa3LoB Ha Hannuyne reHoB
16SrRNA gene, mecA gene NonoXmTenbHbIN pe3ynbTaT Obin NonyyYeH BO BCEX JeCATU CITy-
yasx. AHann3 obpasuos ¢ E. coli Ha Hannume reHoB 16SrRNA -papAH - sfaS- rfc- iha- mcr1l
[,an NONOXUTENbHbIN pe3ynbTaT A1A BCeX AeCATU NCCnejoBaHHbIX 06pa3LoB.

BbiBoAbl. Ha ocHOBaHWYM pe3ynbTaToB reHeTUYeCKom AnarHoCTUKN 6akTepuia S. aureus 1
E. coli no reHy 16SrRNA 1 HeKOTOpbIM APYTM FeHam MOATBEPKAEHO, UTO AOMALLIHME MYyXU
ABNAIOTCA NEPeHOCYKaMy NaTOreHHbIX 6aKTepuii, Bbi3blBaOLWMX ANapelo y AeTel B BO3-
pacTte 10 fecATH NeT.

KnioueBble cnoBa: reH, negmatpuyeckre nauyeHTbl, JoMallHue Myxu, anapes, Musca
domestica

B INTRODUCTION

House flies (Musca domestica Linnaeus) are one of the most common species in
the world, Musca domestica followed by a family of Muscidae from order diptera,
accounting for almost 90% of the flies found in human and animal living places. This is
due to the expansion of the production of poultry fields and lives of cattles, because these
environments provide breedin grounds for the multiplication of many of the insect pests
as well as the lack of sewage networks in some residential areas and the random disposal
of waste and other factors that affect the proliferation and reproduction [1]. House flies
carry infections from unclean areas, including trash and sewage, to human and animal
food by their excrement, vomit, or other bodily parts. This allows them to spread disease
[2]. The fly has a very sensitive mouth, and when it touches a human'’s skin, it swallows the
secretions instead of biting the victim. Sweat, proteins, carbohydrates, salts, sugars, and
other substances, as well as fragments of dead skin that continue to peel off the surface of
human skin, pique the attention of the flies [3].

Global estimates show that among all diarrheal causes, the prevalence of particular
forms of bacterial diarrhea is 10% to 25% for E. Coli, 10% for Shigella, 3% for Salmonella,
and 3 to 6% for Campylobacter [4] and it was calculated that 31% of diarrhea cases in
the United States were caused by bacteria. The majority of infections in children with
diarrhea are caused by gram-negative bacteria; similar rates, frequency, and pathogens
include Pseudomonas aeruginosa, Klebsiella pneumonia, Escherichia coli, and the gram-
positive organism. Mortality can be independently predicted by Staphylococcus aureus.
Worldwide, Staphylococcus aureus is the primary cause of gram-positive infections related
to diarrhea in children and a frequent cause of septicemia resistant to methicillin. In some
burn centers, Staphylococcus aureus (MRSA) has become the predominant pathogen,
while vancomycin-resistant enterococci (VRE) are less common but seem to have a higher
pathogenicity [5].

B PURPOSE OF THE STUDY

To prove that house flies transmit bacteria that cause diarrhea in children by comparing
the genes between bacteria isolated from house flies and bacterial samples from children
with diarrhea.
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B MATERIALS AND METHODS

Samples Collection

Flies were collected from (segmentation, chicken and fish shops, markets hospitals
and house) and for the cities of Al-Shatrah and Al-Nasiriyah in Thi-Qar Governorate during
the study period from July 2022 to January 2023; Where 350 flies were collected and
126 flies showed the presence of bacteria on their outer and inner surface. The flies
are caught directly through the collection bottles, and after transferring them to the
laboratory, we take the following steps, which is placing the flies in the refrigerator for
3 minutes at atemperature of 0 degrees Celsius to inactivate them, and then we isolate the
bacteria from the flies, as shown below. As for the percentage of children with diarrhea,
a total of two hundred stool samples were also collected from children with diarrhea
ranging in age from days to ten years, and of both sexes.

Isolation of Pathogenic Bacteria from Flies

The flies’ samples were placed in the refrigerator at the degree of temperature for
15 minutes for the purpose to inactivate their activity; in order to isolate bacteria from
them (flies) and they were washed by placing them in 1T ml of sterile water for one minute
twice, then were placed in normal saline with a concentration 0.85% (2 ml) and then
transferred 0.1ml to the plates containing the appropriate culture for a whole day, the
plates were cultured for microorganisms at 37 °C. While isolating bacteria from the inner
surface, the outer surface of fly samples is initially sterilized by washing them with ethyl
alcohol at a concentration of 70%, then gently washed with sterile water using a dissecting
microscope, and the insect was dissected using sterile dissection tools to extract the
intestines and then crushed. ml of saline solution for the purpose of soaking, then take
0.1 ml of the infusion and plant on the head [6].

Isolate of Pathogenic Bacteria from House Fly

After collecting the bacteria from the outer surface and the inner surface of the flies,
they were grown on two mediums. As well as in the diarrhea samples for children under
the age of 10 years from Shatra General Hospital and cultured on special culture media
(blood agar; MacConkey agar) Where the bacteria were present was diagnosed. As well as
biochemical and bacterial growing tests by Gram stain and they were finally diagnosed by
API-20 and VITEC Finally, the genetic diagnosis [7].

Diagnosis with the Following Steps
Colony properties was tested such as shape of the colonies, size, color, borders and
texture of colonies.
F.The Diagnosis is the following steps:
Microscopic examination.
Biochemical test.
API-system (analytical profile index for E. coli and S. aureus).
VITIC 2 compact.
Antibiotic susceptibility.
Molecular diagnosis.
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B RESULTS

Identification of Isolated Bacteria from Flies

The present study showed the high isolated bacteria was E. coli 24.3%, followed
S. aureus 17.0%, followed Klebsiella spp. 13.15%, while the lowest isolated bacteria was
Micrococcus 3.94%. as show in Fig. 1.

Identification of Isolated Bacteria from Pediatric Stool

The present study showed the high isolated bacteria was E. coli 30.85%, followed
Klebsiella spp. 14.28%, followed S. aureus 11.42%, while the lowest isolated bacteria was
Y. enterocolitica 1.14%. as show in Fig. 2.

A Comparison between Dominant Bacteria Isolated from Flies and Stool

The present study showed the high dominant bacteria were E. coli from diarrhea
44.63%, also in flies the high dominant was E. coli 36.27%. followed S. aureus in flies
25.49%, while in diarrhea 16.53%. in the other hand the lowest dominant bacteria were
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Fig. 2. Identification of Isolated Bacteria from Pediatric Stool
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A comparison between dominant bacteria isolated from flies and stool

. Flies Diarrhea Total

Source Bacteria
No. % No. % No. %

S. aureus 26 25.49 20 16.53 46 20.62
S. pyogen 9 8.82 11 9.09 20 8.97
E. coli 37 36.27 54 44.63 91 40.81
Klebsiella 20 19.61 25 20.66 45 20.18
P. aeruginosa 10 9.80 11 9.09 21 942
Total 102 45.74 121 54.26 223 100
CalX? = 2.596 | TabX2=9.49 | DF=4 | p.value 0.628

S. pyogen in both flies and diarrhea 8.82%, and 9.09% respectively. Additionally, as shown
in table, the study found no significant difference between flies and stool at p. value <0.05

(Table).

B DISCUSSION

Comparison of Bacteria Isolated from Flies and Diarrheal Patients

When you see Figure 1 and 2, we find the present study showed the high dominant
bacteria were E. coli from diarrhea 44.63%, also in flies the high dominant was E. coli
36.27%. followed S. aureus in flies 25.49%, while in diarrhea 16.53% in the other hand

Gene Results

Genes S. Aureus

HlgB Gene

PCR Product size: 792 bp. All samples appeared negative
percentages (100%)

Other Genes

The results of other genes (hlgB- lip — hysA) appeared
in all samples negative by (100%). Five samples from
sick children infected with diarrhea and five from
houseflies as show Fig. 4.

A-B-M-C-D-H-I-M

N-O-R-M

Gene: HIgB Gene, PCR Product size: 792 bp

TBE Buffer (1x), Agarose concentration (1.5%), Orange
Dimond Dye mt Promega

Time: 40 min (70-volt, 85 mA)

Fig. 3. Agarose gel electrophoresis of HigB Gene
amplification

58

A-B-C-D-M-H-I-M

N-O-R-M

Gene: hysA Gene, PCR Product size: 936 bp

TBE Buffer (1x), Agarose concentration (1.5%), Orange
Dimond Dye mt Promega

Time: 40 min (70-volt, 85 mA)

Fig. 4. Agarose gel electrophoresis of hysA Gene
amplification
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MecA Gene Genes E. Coli
PCR Product size: 310 bp. All samples appeared Gene 16 SrRNA
negative percentages (100%) PCR Product size: 1500 bp. all ten samples were

positive percentages (100%)

. -

1500 bp

1500 bp

6 S rRNA Gene

M-A-B -C-D-H-I-M 11-12-13-14-15-16-17-M

N-O-M-R 18-19-20-A-B-C-M-D

Gene: MecA Gene, PCR Product size: 310 bp Gene 16 S rRNA, PCR Product size: 1500 bp

TBE Buffer (1x), Agarose concentration (1.5%), Orange  TBE Buffer (1x) agarose concentration (1.5%), Orange
Dimond Dye mt Promega Dimond Dye mt Promega

Time: 14 min (70-volt, 85 mA)

Fig. 5. Agarose gel electrophoresis of MecA Gen Fig. 6. Agarose gel electrophoresis of 16 S rRNA
amplification amplification

Other Genes
The results of other genes (papAH - sfaS- rfc- iha- mcr1) showed a positive result for all samples by (100%).

papAH Gene

11-12-13-M-14-15-16-17

18-19-20-M

Gene: papAH, PCR Product size: 720 bp

TBE Buffer (1x), Agarose concentration (1.5%), Orange Dimond Dye ™ Promega

Fig. 7. Agarose gel electrophoresis of papAH amplification
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the lowest dominant bacteria were S. pyogen in both flies and diarrhea 8.82%, and 9.09%
respectively. The study also, as show in table.

In a study carried out in Al-Nasiriyah city by Lhwak and Abbas [8], which also
converged with our findings, Al-Hilali [9] isolated the following species. These results
were in agreement with K. pneumoniae, S. aureus, P. aeruginosa, P. mirabilis, Enterococcus
spp., S. saprophyticus, and Citrobacter spp. [10]. This result agreement with quondam
studies in by Blazar et al. [11] mentioned Pediatric Patients with Isolated Bacterial Species
Escherichia. Coli (36.58%) and Salmonella species (2.44%) as well as Pseudomonas species
(2.44%) which were the least common, others are Staphylococcus species (26.83%),
Shigella species (14.64%), Streptococcus species (17.07%), while, Kababian et al. [12], this
research was conducted in Qom Province, Central Iran. E. coli; Pseudomonas aeruginosa;
Klebsiella pneumonia; Proteus mirabilis and Staphylococci aureus have been documented
from the house flies’ exterior surfaces.

This result disagreement with study by Pava-Ripoll et al. [13], another study by Jabber
et al. [14], the study’s findings were somewhat similar to those reported by Singhal et al.
[15], who stated that among Of the 292 bacteria, it was the lowest percentage, E. coli,
K. pneumoniae and Citrobacter diversus; also disagreement with our findings depended
on location was due to many reasons including the differences of sewage systems in
houses, hospitals and vegetable market sites, in addition to the increase of waste in each
of the above sites, which all lead to the spread of houseflies carrying these bacteria as well
as the spread of bacteria itself .the reason may be due to the appropriate temperatures
for the growth and presence of bacteria, in addition to the abundance of flies during
certain months of a year, Numerous causal routes, including direct impacts on bacterial
proliferation and indirect effects, exist for how temperature affects the spread of bacteria.
The frequency of bacteria-carrying insects rises throughout the warm months as their
activity does.

Genetic Comparison

Genes Isolated from S. Aureus

We found that each of the following genes (hlgB- lip — hysA) appeared in all samples
negative (Five samples from sick children infected with diarrhea and five from houseflies).
These results agreed with all of the results McAdow et al. [16], Abbas et al. [17]. The reason
for the similarity in these results is due to several reasons, including that this gene is
present in bacteria in a small percentage, as well as the isolated environment, including
bacteria.

This finding is not consistent with both Brody et al. [18], Grunenwald et al. [19]. The
difference is mainly due to the place of isolation and the environment of the bacteria
from which it was isolated. The action of these genes is more effective in skin infections,
as they are found more in bacteria isolated from those areas, but the percentage of their
effectiveness depends on the isolation environment, the place of isolation, and the
environmental conditions.

All ten samples showed positive results T6SrRNA gene. Either the results of the gene
appeared mecA gene, all ten samples showed positive results in similar Comparing the
results of this study to those of a study done in Iran, Fatholahzadeh et al. [20], found that
the percentage of MRSA infection outbreaks was 67.2%. However, MRSA prevalence varies
greatly throughout nations, which may be a result of disparate infection management
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strategies [21]. Similarly, MRSA is the most prevalent bacteria in traumatology, burn, and
resuscitation departments [22, 23]. The incidence of MRSA among S. aureus was found to
be 83.7%, 84%, 88%, and 94.3%, respectively, in other local studies conducted in the same
field. These studies included, Abd-Elateef [24], Babakir-Mina et al. [25], and Al-Dahbi and
Al-Mathkhury [26].

However, in other investigations, such as Taha et al. [27] in Erbil, Abdullah [28] in
Baghdad, and Rabelo et al. [29] in Brazil, low percentages of MRSA were found in S. aureus
isolates. This research revealed that MRSA incidences were 30.24%, 41.54%, 42.3%, and
10%, respectively. In contrast, study by Santos et al [30] found that MRSA incidence in
Brazilian hospitals ranged from 40 to 80%.

Genes Isolated from E. Coli

For many decades, butchers and slaughterhouses in Iraq have not grown significantly
due to unfavorable economic policy. There are many butcher shops selling meat gained
from animals living on farms inside Iraq. The slaughterhouse and the butcher shop are
important places that serve the townspeople to buy various live livestock products. It
would be logical to consider and include these sites as critical sites in infection control
design for bacterial infection [31].

The results of all ten genes (five from pediatric patients with diarrhea and five from
houseflies) appeared, all of which were positive. (Adhesins (sfaS), Capsule synthesis (rfc),
These results agreed with both studies Bach et al. [32], and Bonardi et al. [33], and the
collection place of butchers’ shops and vegetable markets are all of the reasons for this
similarity, in addition to the fact that this gene is activated in bacteria that live, especially
in sewage water, which are close to those areas, and the method of slaughter that is close
to sewage water and is a reason for the transfer of flies to those bacteria carrying those
genes.

The results of these genes were, but at a lower rate, as in the study of Fukushima et al.
[34], and Auda [35]. The reasons are due to the collection of these samples from cows only
before the slaughter process in their place of living (barns), as the environment has an
important role in the presence of bacteria that carry these genes over others when they
multiply. And the proximity of pollution sources in which these bacteria exist.

This gene is responsible for cases of diarrhea, especially in children. For the following
genes, which are responsible for virulence (papAH - iha). Where the results of all ten
samples were positive, the study showed similarity with the study of both Dobrindt et
al. [36]. Where all studies showed a high percentage of the presence of this gene and are
associated with diarrhea samples, as it was found that these genes are activated in cases
of diarrhea, i.e. the environment, the living conditions and the place of isolation cause the
similarity. Studies showed less than 100% in some studies, as in Bonardi et al. [33] and A'iaz
[31]. The method of isolation from a place other than diarrhea samples was a major reason
for the absence of these genes, as well as the difference between countries in terms of
different environmental conditions between countries.

In conclusion, we find that the genes of S. aureus bacteria were all negative in samples
taken from flies and children with diarrhea, with the exception of the mec gene, which
was all positive. As for the E. coli bacteria isolated from flies and children with diarrhea, it
showed the presence of all the studied genes, and this confirms that house flies are one of
the main causes of transmitting bacteria that cause diarrhea in children.
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CONCLUSIONS

The study confirmed that bacterial isolates contaminated with houseflies and diarrhea

samples recorded the highest percentage of Escherichia coli and Staphylococcus aureus,
and the current study demonstrated that there is a positive relationship between
contamination of flies and diarrhea samples.
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