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ABSTRACT : In this study, viruses were identified on 88(58.66%) specimens were no growth on culture media by using cer

test Rotavirus- Adenovirus Card test, the results revealed that 45(51.13%) specimen were related to virus infection, the sera

of patients were showed anti-IgM to Rotavirus and adenovirus antibodies. The results showed that, out of 45 positive viruses, the

IFA was detected 33(73.3%) positive for the Rotavirus and 12(26.6%) positive for Adenovirus. The automated VITEK 2 device

using GP and GN-ID cards containing (64) biochemical tests were used to validate the isolates of bacteria from GTI. The

findings indicate that 62 (41.33%) isolates have been confirmed with an excellent ID message confidence level (94 to 99.8%

likelihood percentage). This method is characterized by quick bacterial detection. The results showed that 30(48.38%)

Escherichia coli isolates followed by 9(14.52%) Proteus mirabilis isolates, 6(9.67%) for each Salmonella typhimurium

isolates and Staphylococcus aureus isolates, 3(4.84%) for each Aeromonas hydrophila and Enterobactor earogenes isolates,

2 (3.23%) for each Pseudomonas aeruginosa and Compylobater jejuni isolates and one isolate (1.62%) for Vibrio cholera.

DNA was extracted from all suspected isolates that previously identified as E. coli by the vitek2 system, DNA samples were used

for PCR amplification of eae for EPEC and stx1 for EHEC primers. Out of the 30 samples of E. coli, 18(60%) EPEC by the

specific produced 482 bp DNA fragment, when compared with allelic ladder, and 12(40%) EHEC by the specific produced 348

bp.
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INTRODUCTION

In children below 5 years, diarrhea is one of the

leading causes of death and poses a great challenge for

children (Khalil et al, 2018). Globally, in children who

are lower than three years of age acute infectious

enteritisis is one of the common childhood diseases

(Mokomane et al, 2018). This condition is characterized

by frequent liquid or pasty stools, for more than thrice in

24 hours. This condition can be associated with or without

fever or vomiting (Iftikhar et al, 2019). In usual cases,

diarrhea normally lasts less than 7 days. It is referred to

as protracted diarrhea if it lasts more than 14 days

(Sumathi et al, 2018). Watery diarrhea, stomach cramps,

nausea or vomiting, and occasionally fever are all

symptoms of viral gastroenteritis (Demers-Mathieu et

al, 2018). Even in infancy, gastrointestinal problems can

arise frequently (Rossouw et al, 2021). A viral infection

in the stomach is normally the cause (Bányai et al, 2018).

Infections with rotavirus and Norwalk virus are common

causes of gastroenteritis in infants and children (Pérez-

Ortín et al, 2019). The most common way of developing

viral gastroenteritis is either by coming in contact with an

infected person or by ingestion of water or food

contaminated with the virus (Yekta et al, 2020). In

children, especially those who are lower than 5 years of

age from a low economic background and suffering from

malnutrition this condition is more common (Galgamuwa

et al, 2017). The contamination can be traveled either

through the fecal-oral route or through the contaminated

food and water or indirectly through some vectors

(Elsamadony et al, 2021). In rural areas chances of getting

infected by contaminated food and water are high.

Moreover, the pathogen gets directly or indirectly

transmitted through the flies also (Siddiqui et al, 2020;

Nguyen et al, 2021). Globally, the pathogen varies from

region to region and the type of diarrhea can be severe in

cases where there are confections rather than mono

infections (Owada, 2019).
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Aim of the study

The object of this learning is the detection of viruses

and bacteria in children by immunofluorescence antibody

technique, Vitek2 System and PCR technique.

MATERIALS AND METHODS

Patients and clinical specimens

Total 150 children with ages ranging from 1 week to

5 years were included in this study. Children who visited

the clinic in Hilla city with diarrhea, for the period between

November 2020 to March 2021 were included in this

study.

Ethical approval

Prior to their inclusion in the report, valid consent

was obtained from the children’s parents. Each child was

notified of the procedure before samples were obtained,

ensuring that they understand the procedure to be

performed. Parents were aware that they had the legal

right to refuse to enroll their children in the study without

facing any repercussions.

Blood samples

Venipuncture was performed for the collection of

blood samples from the children (5ml). Then the sample

was inserted slowly into the disposable tubes and allowed

to clot at room temperature for 30 minutes. Centrifugation

was done at 3000×g for approximately three minutes.

After centrifugation, the sera were separated and stored

at -200C for further analysis.

Stool swabs

Fecal samples were collected by 2 to 3 swabs, and

placed in a container with transport medium (Cary–Blair),

and taken to the laboratory. All culture media used in the

study were prepared according to the procedures

recommended by the manufacturing companies.

Identification of viruses

Viruses were identified using cer test Rotavirus-

Adenovirus Card test, approximately 100 mg of stool

specimen was transferred by a stick into the stool

collection tube along with diluents. The tube was shacked

in order to ensure proper sample dispersion. After that 4

drops of the solution provided with the kit were added

into the circular window marked with an arrow, finally,

the results were read at 10 minutes by observing the

coloring bands as per the method used earlier (Zavala

Gomez, 2017).

Detection of viruses by indirect

immunofluorescence antibody technique

An indirect immunofluorescent assay (IFA) Kit was

used for the simultaneous diagnosis in human serum of

IgM antibodies. This reaction is based on the interaction

of antibodies with antigen absorbed on the slide surfaces.

In the washing step unbound immunoglobulins are

removed. Interaction of antigen-antibody complexes with

fluoresceinlabeled anti-human globulin gives the final

fluorescence under microscope.

Identification of bacteria

Morphology and examination under microscopic

Based on its morphological properties, a single colony

from each primary positive culture on blood, MacConkey,

and nutrient agar is graded and examined by light

microscope after being stained with Gram’s stain.

Biochemical tests were done and the identification was

completed (McFadden, 2000; Collee et al, 2006).

Identification of bacterial isolates we used the vitek2

method.

Identification of bacterial isolates with Vitek2

System

The samples were collected as follows according to

production instructions in Vitek 2 clinical microbiology

used as an automatic identification (ID) instrument

device. For removal of pure colonies a sterile plastic stick

applier was used.

Both isolates added to the machine prior to processing

and inoculated cards were processed within 30 minutes

of inoculation within the instrument. Bacterial suspensions

using a vacuum chamber in the system is filled

(inoculated) with GN and GP cards. The identification

card was then placed next to the transfer tube, which

was then inserted into the corresponding suspension tube,

and the sample-containing check tubes were placed in a

cassette.

The cassette could only accommodate 10 tubes. The

filled cassette was then placed inside the vacuum

chamber station. After application of vacuum, air was

recharged into the station. This pushed the bacterial

suspension into microchannels. Until loading inoculated

cards into the circular incubator, a mechanism stops the

transfer tube and seals the card. All card varieties were

incubated at 35.5°C. Every 15 minutes, each card was

removed from the incubator and transported to the

reaction readings optical system, where it was returned

to the incubator before the next read time.

DNA extraction from bacterial culture and specific

primers

From the E. coli (EPEC, EHEC] isolates the genomic

DNA was isolated as per the manufacturer protocol

(Geneaid, USA). The details of the study (Galarce et al,

2019) are listed in Table 1.
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RESULTS AND DISCUSSION

Identification of viruses by using cer test Rotavirus-

Adenovirus card test and immunofluorescence

antibody technique

In this study, in Table 2, viruses were identified on 88

(58.66%) specimens were no growth on culture media

by using cer test Rotavirus- Adenovirus Card test, the

results revealed that 45(51.13%) specimen were related

to virus infection, the sera of patients were showed anti-

IgM to Rota virus and Adenovirus antibodies. The results

showed that, out of 45 positive viruses, the IFA was

detected 33 (73.3%) positive for Rotavirus and 12

(26.6%) positive for Adenovirus as shown in Table 3,

Figs. 1, 2. The results were in disagreement with results

obtain by Badry et al (2016) in Kurdistan Region, Iraq;

who found that 13.21% of viruses were isolated from

children suffering from diarrhea. AL-Sadawi et al (2017)

found that viral infections were mainly identified in infants

in Al-Najaf Province, Iraq (12%).

In 72% of the cases, adenovirus antigen was detected

in the stool samples (Bányai et al, 2018). On the other

hand, in 77% of the cases, antibody enzyme immunoassay

was capable of detecting the IgM (AL-Sadawi et al,

2017). The IgM antibody response was inconsistent, with

no direct link to the children’s age or the seriousness of

their clinical symptoms. IgM antibody responses were

seen in 48 percent of the children, with IgM antibodies

lasting approximately two months (Huang et al, 2020).

All the pathogens present in the GIT, 5%-8% of the

children, who are lower than 2 years of age contains

Adenoviruses (Carcillo et al, 2017). Detection of HAdV

infections is difficult to detect as they have similar clinical

symptoms as other GTT viruses (Marchio et al, 2018).

Hence, diagnostic approaches must be sensitive

enough to detect the prolonged shedding of adenovirus in

clinical specimens (Lee et al, 2020). Several methods

are available for the detection of adenovirus infections,

however, molecular methods are the most sensitive ones

(Etemadi et al, 2019). In all children in both developing

and developed countries, rotavirus infections are common

in children aged 3 to 5 years (Sadiq et al, 2018). Neonatal

infections do occur, but they are mostly asymptomatic or

mild, likely due to maternal antibody protection. Clinical

illness is most common in children aged 4–23 months,

who are also at the highest risk of developing a serious

illness that necessitates hospitalization (Zhang et al, 2020).

Several methods, including electron microscopy,

polyacrylamide gel electrophoresis, antigen detection

assays, reverse transcription-polymerase chain reaction

(RT-PCR) and virus isolation, can be used to detect

rotavirus in stool specimens from children with

gastroenteritis (Lorestani et al, 2019). Visualization of

antigens using antibodies as fluorescent probes can be

done Immunofluorescence assays (Schreiber and Smith,

2021). Immunofluorescence has proved to be effective

in the determination of the cellular distribution of antigens

even from frozen samples or in the identification of

specific DNA sequences in a chromosome (Abu Abed

and Brinkmann, 2019). The system has combined high

Table 1 : The primers, sequences and PCR conditions.

Gene name Primer sequence (5´- 3´) Size of Bp Conditions References

95ºC, 2 min.

95ºC, 30 sec.

62.7ºC decrease 0.5ºC per cycle,

30 sec.72ºC, 50.0 sec.

eae for F:TCAATGCAGTTCCGTTATCAGTT 482 Repeat steps 2-4 14 more times Galarce et al

EPEC R:GTAAAGTCCGTTACCCCAACCTG 95ºC, 30 sec. (2019)

55.7ºC, 30 sec.

72ºC, 50.0 sec.

Repeat steps 6-8 19 more times

72ºC, 5 min.

4ºC, forever

95ºC, 2 min.

95ºC, 30 sec.

63.6ºC decrease 0.5ºC per

cycle, 30 sec.72ºC, 40.0 sec.

Repeat steps 2-4 14 more times

stx
1
 for F:CAGTTAATGTGGTGGCGAAGG 348 95ºC, 30 sec. Galarce et al

EHEC R:CACCAGACAATGTAACCGCTG 56.6ºC, 30 sec. (2019)

72ºC, 40.0 sec.

Repeat steps 6-8 19 more times

72ºC, 5 min.

4ºC, forever
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sensitivity with high resolution in the visualization of

antigens, and it will be a significant tool for pathologists

for several years. Immunofluorescence labeling of

formalin-fixed, paraffin-embedded tissue or microbial

antigens is the subject of a methodology paper (Parra et

al, 2019).

Identification of pathogenic bacteria by Vitek2

System

The automated VITEK 2 device using GP, GN-ID

cards containing (64) biochemical tests were used to

validate the isolates of bacteria from GTI. The findings

indicate that 62(41.33%) isolates have been confirmed

with an excellent ID message confidence level (94 to

99.8% likelihood percentage). This method is

characterized by quick bacterial detection. The results

of the study were in agreement with results obtained by

Al-Abbas (2018) in Karbala city, who showed that 37.65%

were positive to bacterial growth. In Babylon Province,

60% of incidences were reported for bacterial infected

diarrhea (Yasir, 2017).

Lanata et al (2013) have reported that another cause

of diarrhea is increased use of antibiotics. In most of the

viral and parasitic diarrhea in children under 5 years of

age mixed infections are also seen. In this study, the results

showed that 30(48.38%) Escherichia coli isolates

followed by 9(14.52%) Proteus mirabilis isolates,

6(9.67%) for each Salmonella typhimurium isolates and

Staphylococcus aureus isolates, 3(4.84%) for each

Aeromonas hydrophila and Enterobactor earogenes

isolates, 2(3.23%) for each Pseudomonas aeruginosa

and Compylobater jejuni isolates and one isolate

(1.62%) for Vibrio cholera. The results were shown in

Table 4. These results were in agreement with results

obtained by Badry et al (2014) in Kurdistan Region-Iraq

who found that the most prevalent enteric pathogens were

Escherichia coli in 58.43%. Hundreds of harmless E.

coli strains are present in the healthy human intestines.

However, only one toxic strain can cause severe stomach

upset (Al-Abbas, 2018).  Mobley et al (2019) found that

Proteus species have been associated with infectious

gastroenteritis. P. mirabilis was more prevalent in

children with diarrhea at 10.8%.

Proteus mirabilis is an opportunistic pathogen that

causes GTI in humans. Some strains of P. mirabilis were

also shown to be associated with food poisoning (Lanata

et al, 2013). Another bacteria called Salmonella causes

salmonellosis. Maximum of the children develop

symptoms of diarrhea 12 to 72 hours after getting infected

with these bacteria (Mobley, 2019). In healthy humans

also this bacteria is present in the intestinal tracts, after

ingestion of food contaminated with the animal feces the

infection happens. In most cases foods like poultry, beef,

eggs and milk get contaminated (Chlebicz and Œli¿ewska,

2018). Another type of bacterial infection,

Campylobacteriosis causes diarrhea, stomach cramps, and

fever. Children remain contagious for about two to five

days when they have all these symptoms (Same and

Tamma, 2018). The infection is transmitted by consuming

meat infected with Campylobacter jejuni bacteria or

by drinking contaminated water. Other sources of

contamination include raw eggs and unpasteurized milk

(Alegbeleye et al, 2018). In children, a wide spectrum of

Fig. 1 : Detection of Rotavirus by immunofluorescent assay

(magnification power 400x).

Fig. 2 : Detection of Adenovirus by immunofluorescent assay

(magnification power 400x).

Table 2 : Viruses and bacteria isolates from stool samples.

No. of samples Viruses isolates No. of bacteria

isolates

150 88 (58.66%) 62 (41.33%)

Total 150(100%)

Table 3 : Viruses were isolated according to cer test Rotavirus-

Adenovirus Card test.

No. of viruses Rotavirus Adenovirus

45 out of 88 samples with 33(73.3%) 12(26.6%)

no growth on culture media

Total 45(100%)
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bacteria causes diarrhea including Salmonella spp., E.

coli, Yersiniaenterocolitica, Shigella spp., Proteus spp.,

Klebsiella spp. and Citrobacter spp. (Ng’ang’a, 2018).

Vibrio cholera causes severe watery diarrhea

(Rodriguez and Kahwaji, 2020). During the first year of

life, infection by EPEC and rotavirus are common and

with age, the incidence of infection also decreases. While

the incidence of infection by Salmonella spp. increases.

In children Shigella spp. usually causes bloody diarrhea,

whereas, Salmonella  spp, Bacteria EPEC and

Campylobacter spp. usually causes watery diarrhea

(Mathew et al, 2019). Other bacteria usually cause mixed

infections (Man et al, 2019). Children, who were only

partially or not at all vaccinated increased their risk of

infected diarrhea because the lack of vaccination

rendered them more vulnerable to diseases such as

whooping cough and measles. This would hurt one’s

wellbeing, making them vulnerable to diarrhea and other

diseases (Di Pietrantonj et al, 2020).

Detection of eae and stx1 genes by PCR

The polymerase chain reaction technique relies on

DNA polymerase’s ability to synthesize new strands of

DNA that are complementary to the provided template

strand, and after the PCR reaction, the same sequence

will have been accumulated in billions of copies. Using

the vitek2 system DNA was purified from all the

suspected E. coli and Aeromonas hydrophila isolates

by using conventional PCR, eae for EPEC and stx
1
 for

EHEC primers; according to the criteria mentioned in

Table (1). Gen electrophoresis showed that only 60% of

the samples as EPEC by the production of 482 bp DNA

fragment when compared with allelic ladder, and 12(40%)

EHEC by the specific produced 348 bp as shown in Figs.

3, 4.

These results were in agreement with results obtained

by Chellapandi et al (2017), who found that in young

children, EPEC is an important diarrheal pathogen. There

has been a significant shift in EPEC prevalence as the

diagnosis is now primarily based on molecular criteria.

EPEC was one of the diarrheagenic E. coli pathotypes

and it is one of the most common pathogens infecting

children worldwide due to its high prevalence in the

population and hospital environment, as well as the fact

Fig. 3 : Agarose gel electrophoresis (1.5%) of PCR amplified of eae gene (482)bp of EPEC for (55)min at (70) volt. L: ladder (DNA marker),

(1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12) Amplify of eae gene in clinical isolates of EPEC.

Fig. 4 : Agarose gel electrophoresis (1.5%) of PCR amplified of stx1 gene (348)bp of EHEC for (55)min at (70) volt. L: ladder (DNA marker),

(1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12) Amplify of stx1 gene in clinical isolates of EHEC.



that it is one of the leading causes of chronic diarrhea

(Zhou et al, 2018).

Carlino et al (2020) found that, in children with

diarrhea, in 50.1% of cases the most common was EPEC,

followed by EHEC (44%). Summer diarrhea in infants

and neonatal diarrhea are also caused by EPEC. Because

molecular diagnosis is now the primary method of

diagnosing these pathogens, there has been a significant

shift in the prevalence and distribution of these pathogens

(Awad et al, 2020). The strain Enterohemorrhagic E.

coli EHEC was the most common cause of illness in

humans. It differed from other E. coli strains in that it

releases Shiga toxin, a potent toxin. This toxin destroys

the intestinal lining, resulting in bloody diarrhea (Kim et

al, 2020). EHEC bind to the terminal ileal and colonic

mucosa and releases toxins such as verocytotoxin (VT)

1 and 2 (Fan et al, 2019). These cause hemorrhagic colitis

by killing colonic enterocytes. VT may also damage

vascular endothelial cells, resulting in hemolytic uremic

syndrome (Muhammad et al, 2017; Zaboon et al, 2021).

CONCLUSION

Viral infections are higher in children under the age

of five years old than bacterial infections. Rotavirus and

Adenovirus are the most important and common in

children with diarrhea and Escherichia coli is the most

common pathogen in these infections.

REFERENCES

Abu Abed U and Brinkmann V (2019) Immunofluorescence labelling

of human and murine neutrophil extracellular traps in paraffin-

embedded tissue. J. Visualized Experiments 151, e60115,

doi:10.3791/60115 (2019).

Al-Abbas A K (2018) Etiology of bacterial diarrhea in children under

five years in Kerbala province, Iraq. Iraqi J. Publ. Hlth. 2(1), 2-

6.

Alegbeleye O O, Singleton I and Sant’Ana A S (2018) Sources and

contamination routes of microbial pathogens to fresh produce

during field cultivation: a review. Food Microbiol. 73, 177-208.

Al-Sadawi A A, Ammar M and Tuwaij N S (2017) Viral agent that

causing diarrhea among children in Al-Najaf province, Iraq. World

J Pharma Res. 6(8), 1-11.

Awad W S, El-Sayed A A, Mohammed F F, Bakry N M, Abdou N E

M and Kamel M S (2020) Molecular characterization of

pathogenic Escherichia coli isolated from diarrheic and in-contact

cattle and buffalo calves. Trop. Anim. Hlth. Prod. 52(6), 3173-

3185.

Badry A H, Jameel A Y and Mero W M (2014) Pathogenic

Microorganisms Associated With Diarrhea in Infants And

Children in Duhok Province, Kurdistan Region, Iraq. Sci. J. Univ.

Zakho 2(2), 266-275.

Bányai K, Estes M K, Martella V and Parashar U D (2018) viral

gastroenteritis. The Lancet 392(10142), 175-186.

Carcillo J A, Halstead E S, Hall M W, Nguyen T C, Reeder R, Aneja R

and Simon D (2017) Three hypothetical inflammation

pathobiology phenotypes and pediatric sepsis-induced multiple

organ failure outcome. Pediatric critical care medicine: a journal

of the Society of Critical Care Medicine and the World Federation

of Pediatric Intensive and Critical Care Societies 18(6), 513.

Carlino M J, Kralicek S E, Santiago S A, Sitaraman L M, Harrington A

T and Hecht G A (2020) Quantitative analysis and virulence

phenotypes of atypical enteropathogenic Escherichia coli

(EPEC) acquired from diarrheal stool samples from a Midwest

US hospital. Gut microbes 12(1), 1-21.

Chellapandi K, Dutta T K, Sharma I, De Mandal S, Kumar N S and

Ralte L (2017) Prevalence of multi drug resistant

enteropathogenic and enteroinvasive Escherichia coli isolated

from children with and without diarrhea in Northeast Indian

population. Annals of Clin. Microbiol. and Antimicrobials 16(1),

1-9.

Chlebicz A and Œli¿ewska K (2018) Campylobacteriosis, salmonellosis,

yersiniosis, and listeriosis as zoonotic foodborne diseases: a

review. Int. J. Environ. Res. Publ. Hlth. 15(5), 863.

Collee J G, Fraser A G and Old D C (2006) Salmonella Infection, in

Mackie and Mccartney, Practical Medical Microbiology, 14th

Edition. Marmion B P and Simons A (eds). Churchil Livingston,

New York: 385402.

Demers-Mathieu V, Underwood M A, Beverly R L, Nielsen S D and

Dallas D C (2018) Comparison of human milk immunoglobulin

survival during gastric digestion between preterm and term

infants. Nutrients 10(5), 631.

Di Pietrantonj C, Rivetti A, Marchione P, Debalini M G and Demicheli

V (2020) Vaccines for measles, mumps, rubella and varicella in

children. Cochrane Database of Systematic Reviews 4.

Elsamadony M, Fujii M, Miura T and Watanabe T (2021) Possible

transmission of viruses from contaminated human feces and

sewage: Implications for SARS-CoV-2. Sci. Total Environ. 755,

142575.

Etemadi M R, Othman N, Lye M S, Ansari S, Yubbu P and Sekawi Z

(2019) Diversity of respiratory viruses detected among

hospitalized children with acute lower respiratory tract infections

at Hospital Serdang, Malaysia. J. Virol. Methods 269, 1-6.

Fan R, Shao K, Yang X, Bai, X, Fu S, Sun H and Xiong Y (2019) High

prevalence of non-O157 Shiga toxin-producing Escherichia coli

in beef cattle detected by combining four selective agars. BMC

Microbiology 19(1), 1-9.

Galarce N, Escobar B, Sánchez F, Paredes-Osses E, Alegría-Morán R

and Borie C (2019). Virulence genes, Shiga toxin subtypes,

Table 4 : Main pathogenic bacteria were detected from stool samples.

No. of Type of bacteria No. of %

samples bacterial

isolates

62 Escherichia coli 30 48.38

Proteus mirabilis 9 14.52

Salmonella typhimurium 6 9.67

Staphylococcus aureus 6 9.67

Aeromonas hydrophila 3 4.84

Enterobactorearogenes 3 4.84

Pseudomonas aeruginosa 2 3.23

Compylobaterjejuni 2 3.23

Vibrio cholera 1 1.62

                                        Total 62 100%

4420 Jwan A. Ali and Ilham A. Bunyan



serogroups and clonal relationship of Shiga toxin-producing

Escherichia coli strains isolated from livestock and companion

animals. Animals 9(10), 733.

Galgamuwa L S, Iddawela D, Dharmaratne S D and Galgamuwa G L S

(2017) Nutritional status and correlated socio-economic factors

among preschool and school children in plantation communities,

Sri Lanka. BMC Public Health 17(1), 1-11.

Huang A T, Garcia-Carreras B, Hitchings M D, Yang B, Katzelnick L C,

Rattigan S M and Cummings D A (2020) A systematic review of

antibody mediated immunity to coronaviruses: kinetics, correlates

of protection and association with severity. Nature

Communications 11(1), 1-16.

Iftikhar M, Ullah Q, Saleem S and Hanif A (2019) Risk Factors of Diarrhea

in Malnourished Children under Age of 5 Years. The Int. J. Front.

Sci. 3(1), 24-27.

Khalil I A, Troeger C, Blacker B F, Rao P C, Brown A, Atherly D E and

Reiner Jr R C (2018) Morbidity and mortality due to shigella and

enterotoxigenic Escherichia colidiarrhea: the Global Burden of

Disease Study 1990–2016. The Lancet Inf. Dis. 18(11), 1229-1240.

Kim J S, Lee M S and Kim J H (2020) Recent updates on outbreaks of

Shiga toxin-producing Escherichia coli  and its potential

reservoirs. Front. Cell. Infection Microbiol. 10, 273.

Lanata C F, Fischer-Walker C L, Olascoaga A C, Torres C X, Aryee M J

and Black R E (2013) Global causes of diarrheal disease mortality

in children< 5 years of age: a systematic review. PloS One 8(9),

e72788.

Lee B, Damon C F and Platts-Mills J A (2020) Pediatric acute

gastroenteritis associated with adenovirus 40/41 in low-income

and middle-income countries. Curr. Opinion in Infectious Diseases

33(5), 398-403.

Lorestani N, Moradi A, Teimoori A, Masodi M, Khanizadeh S, Hassanpour

M and Nikoo H R (2019) Molecular and serologic characterization

of rotavirus from children with acute gastroenteritis in northern

Iran, Gorgan. BMC Gastroenterol. 19(1), 1-9.

Man W H, van Houten M A, Mérelle M E, Vlieger A M, Chu M L J, Jansen

N J and Bogaert D (2019) Bacterial and viral respiratory tract

microbiota and host characteristics in children with lower respiratory

tract infections: a matched case-control study. The Lancet

Respiratory Med. 7(5), 417-426.

Marchio A, Cerapio J P, Ruiz E, Cano L, Casavilca S, Terris B and Pineau

P (2018) Early-onset liver cancer in South America associates

with low hepatitis B virus DNA burden. Scientific Reports 8(1), 1-

14.

Mathew S, Smatti M K, Al Ansari K, Nasrallah G K, Al Thani A A and

Yassine H M (2019) Mixed viral-bacterial infections and their

effects on gut microbiota and clinical illnesses in children. Scientific

Reports 9(1), 1-12.

McFadden J (2000) Biochemical Tests for the Identification of Aerobic

Bacteria. Clinical Microbiology Procedures Handbook. 3rd Edition,

503–642.

Mobley H L (2019) Proteus mirabilis overview. In : Proteus mirabilis (pp.

1-4). Humana, New York, NY.

Mokomane M, Kasvosve I, Melo E D, Pernica J M and Goldfarb D M

(2018) The global problem of childhood diarrheal diseases: emerging

strategies in prevention and management. Therapeutic Advances

in Infectious Disease 5(1), 29-43.

Muhammad S N, Abdel Meguid E and Novo’s R (2017) Haemolytic

Uraemic Syndrome (HUS): Clinical Medicine Versus Clinical

Anatomy. Austin J Anat. 4(1), 1064.

Ng’ang’a G W (2018) Bacterial and parasitic co-infections, antimicrobial

susceptibility and ESBL genes carriage in bacteria isolated from

children below 5 years with diarrhea attending Mukuru Slum Health

Clinics (Doctoral dissertation, JKUAT-COHES).

Nguyen K H, Operario D J, Nyathi M E, Hill C L, Smith J A, Guerrant R

L and McQuade E T R (2021) Seasonality of drinking water sources

and the impact of drinking water source on enteric infections

among children in Limpopo, South Africa. Int. J. Hyg. Environ.

Hlth. 231, 113640.

Owada K (2019) Spatial epidemiological approaches to quantify the role

of soil-transmitted helminths (STH) in cognitive dysfunction in

school-aged population. Ph. D. Thesis, Univ. Queensland, Australia.

Parra E R, Francisco-Cruz A and Wistuba I I (2019) State-of-the-art of

profiling immune contexture in the era of multiplexed staining and

digital analysis to study paraffin tumor tissues. Cancers 11(2), 247.

Pérez-Ortín R, Vila-Vicent S, Carmona-Vicente N, Santiso-Bellón C,

Rodríguez-Díaz J and Buesa J (2019) Histo-blood group antigens in

children with symptomatic rotavirus infection. Viruses 11(4), 339.

Rodriguez J A O and Kahwaji C I (2020) Vibrio cholerae. Stat Pearls.

Rossouw E, Brauer M, Meyer P, Plessis N M D, Avenant T and Mans J

(2021) Virus etiology, diversity and clinical characteristics in south

african children hospitalised with gastroenteritis. Viruses 13(2),

215.

Sadiq A, Bostan N, Yinda K C, Naseem S and Sattar S (2018) Rotavirus:

Genetics, pathogenesis and vaccine advances. Reviews in Medical

Virology 28(6), e2003.

Same R G and Tamma P D (2018) Campylobacter infections in children.

Pediatrics in Review 39(11), 533.

Schreiber C L, Li D H and Smith B D (2021) High-performance near-

infrared fluorescent secondary antibodies for immunofluorescence.

Anal. Chem.93, 3643–3651.

Siddiqui F J, Belayneh G and Bhutta Z A (2020) Nutrition and diarrheal

disease and enteric pathogens. In : Nutrition and Infectious

Diseases (pp. 219-241). Humana, Cham.

Sumathi W S, Balasubramanian S, Pradeebaa T and Sumathi B (2018) A

study on knowledge, attitude and practices of mothers about acute

diarrhea and its management with oral rehydration therapy and

zinc in children under 5 years.. IAIM 7(12), 1-10

Yasir A A (2017) Assessment of Children under than Five Ages toward the

Diarrheal Cases with Antibacterial effect of bacteria isolates in

Babylon Province, Iraq. Int. J. ChemTech Res. 10(2), 734-41.

Yekta R, Vahid-Dastjerdi L, Norouzbeigi S and Mortazavian A M (2020)

Food Products as Potential Carriers of SARS-CoV-2. Food Control

107754.

Zaboon S M and Al-Hayanni H S A (2021) Detection of Virulence Factor

Genes and Antibiotic Resistance of Enteropathogenic Escherichia

coli (Epec) Isolated from Children with Diarrhea. Biochem. Cell.

Arch. 21 (1), 791-796.

Zavala Gomez G A (2017) Intestinal parasites, inflammation and

nutritional status in Mexican children (Doctoral dissertation, VU

University Press).

Zhang Z J, Yu X J, Fu T, Liu Y, Jiang Y, Yang B X and Bi Y (2020) Novel

virus infection in newborn babies aged < 28 days in China. Europ.

Resp. J. 55(6). 2000697; doi: 10.1183/13993003. 00697-2020

Zhou Y, Zhu X, Hou H, Lu Y, Yu J, Mao L and Sun Z (2018) Characteristics

of diarrheagenic Escherichia coli among children under 5 years of

age with acute diarrhea: a hospital based study. BMC Infectious

Diseases 18(1), 1-10.

Pathogenic virus and bacteria associated with diarrhea among children in Hilla Province, Iraq 4421


