


                                                      


[bookmark: _Hlk191481260]Molecular Detection of Listeria monocytogenes among Sudanese Pregnant Women with Pervious Miscarriage in
Khartoum State
ABSTRACT
Background: Listeria monocytogenes is an emerging food-borne pathogen and causative agent of listeriosis. Clinical manifestation of invasive listeriosis is usually severe and includes sepsis and meningoencephalitis.
Objective:The objective of the study was to determine the prevalence of L. monocytogenes in pregnant women with spontaneous abortions or having a history of spontaneous abortions using PCR.
Materials and Methods :In this cross-sectional study, a total of 50 samples (vaginal and high vaginal swabs) were collected from 50 women with spontaneous abortion hospitalized in Omdurman Maternity Hospital and Al Saudi Hospital in Khartoum State. Each sample was immersed in a plastic swab tube containing 5 ml of Tris Hcl buffer (PH 8.0) and transported to a research laboratory in the Sudan University of Science and Technology as soon as possible for the direct DNA extraction and PCR.                                       	
Results :L. monocytogenes DNA was detected from 10% samples. 3/50 (6%) and 2/50 (4%) were detected from vaginal and high vaginal swabs, respectively. The most affected age group with Listeria infection was 31-36 years old, representing 2/19 (10.5%) of aborted women. The most aborted women 3/25 (12%) with Listeria infection had previous abortions within the second trimester.
Conclusion
This study concluded that there was a different percentage of prevalence between the vaginal and high vaginal swab samples, and the most cases of listeriosis found in the second trimester gestational age of pregnant women at sampling. Besides,  L. monocytogenes has no association with the spontaneous miscarriage of Sudanese pregnant women.

1.INTRODUCTION:
Listeriosis is a severe food borne disease that rarely occurs in humans and primarily affects older adults, persons with impaired immunity, pregnant women and unborn or newborn babies. Although uncommon, compared to other food-borne infections, listeriosis is associated with high mortality (1). It is caused by L. monocytogenes, a Gram positive, non-spore forming, facultative intracellular and adaptable environmental bacterium. Although most of the bacteria do not grow or grow weekly at temperatures below 4°C, L. monocytogenes survive in low temperatures. Therefore, L. monocytogenes is an important food borne pathogen in ready-to-eat foods that have been refrigerated (2,3) .
L. monocytogenes has been found in 10% or more of healthy people, usually in the gut (4). All the 13 serovars of L. monocytogenes are reported to cause human listeriosis, but serovars 1/2a, 1/2b and 4b are implicated in most of the cases (5).
Pregnant women are particularly prone to infection. The placenta provides a protective niche for the growth of L. monocytogenes, thereby resulting in spontaneous abortions, stillbirth neonatal infection, severe necrotizing hepatitis, placental necrosis and increased risk of post implantation loss (6,7). Latent listeriosis in pregnant women leads to habitual abortions, intrauterine deaths and fetal malformations (8,9).
Listeriosis can occur at any time during pregnancy but it is most often recognized in the third trimester (from 28 weeks of pregnancy) Pregnancy-related cases of listeriosis are classified into early onset and late onset depending on how long after birth the baby starts to develop symptoms. An early onset case is defined as a newborn with symptoms at birth or within 48 h of birth. This is usually attributed to in-utero infection either through ascending spread from vaginal colonization, or more commonly through transplacental transmission from maternal bacteraemia. Late onset is defined as a newborn that develops symptoms 48 hrs after birth. Infection is thought to occur as the baby passes through the birth canal or as a nosocomial infection from another early onset case (10).
The incidence of listeriosis in general population is 0.7 in 100000 but the prevalence is 12 in 100000 in pregnant women (which is a 17-fold increase) (11), this is because during pregnancy the immune system is modulated, with the placenta serving as a protective environment for the growth of the bacterium .
The fetus suffers more damage than the pregnant women, leading to a clinical syndrome known as granulomatosis infantiseptica (12). L. monocytogenes causes meningitis and hydrocephalus in children born of infected mothers (13). These reportshighlight the importance of the pathogen as a cause of spontaneous abortions and infant mortality(14).
Unlike developed countries, systematic studies done on the association of pathogenic L. monocytogenes with spontaneous abortions are lacking, especially in Sudan.
Listeria monocytogenes is a Gram-positive rod, facultative intracellular,food-borne pathogen responsible for cases and out-breaks of listeriosis.
Earlier studies reported that L. monocytogenes has been isolated from tissue sections of patients in Germany in 1891, from rabbit liver in Sweden in 1911, and from spinal fluid of meningitis patients in 1917 and 1920 (15).
Listeria was first described in 1926 by Murray et al. who discovered it while investigating an epidemic infection among laboratory rabbits and guinea pigs (16). At that time, it was given the name Bacterium monocytogenes because infection in the animals was characterized by monocytosis. The following year, Pirie isolated an identical bacterium from the liver of several gerbils in South Africa. and proposed the name Listerella hepatolytica for the genus in honor of Lord Lister, a prominent surgeon of the time (17). Despite considerable confusion in the nomenclature of the pathogen until 1940, the official name Listeria monocytogenes was adopted in the Sixth Edition of Bergey’s Manual of Determinative Bacteriology (18), and the word “monocytogenes” means monocyte producing, since it produced a typical monocytosis during an illness in the diseased animal.
The first cases of human listeriosis were reported by Nyfeldt in 1929 (19). The increased number of reported cases during the 1980s in several countries, and the evidence of food-borne transmission, turned listeriosis into a recognized food-borne disease (20).
This study aims to determine the prevalence of L. monocytogenes in pregnant women with spontaneous abortions or having a history of spontaneous abortions using PCR technique for identification.
2- MATERIAL AND METHOD:
A cross-sectional study ,the samples were collected from selected government hospitals in Khartoum State (Omdurman Maternity Hospital and Alsudi Hospital). The genotypic identification of the clinical samples was carried out in the Medical Microbiology Research Laboratory of the Sudan University of Science and Technology.
The study was carried out from March 2017 to February 2018.
The samples were collected from women with spontaneous miscarriage or having a history of recurrent miscarriage, with different ages and different trimesters, who attended to the selected hospital during the study period.
Fifty clinical specimens (25 vaginal swabs and 25 HVS) were included in this study.
A structured questionnaire was used to collect the data. The questionnaire contains questions on respondent’s socio-demographic characteristics, obstetrical history and other Bio data.
The vaginal swab was taken by trained and qualified doctor or sister, the high vaginal swab was taken by trained and qualified doctor or sister with a speculum, by inserting the speculum 3–4 cm into the vagina and rotating the swab with a circular motion, leaving it in the vagina for approximately five seconds. Then the swab was inserted into a plastic tube containing 5 ml of Tris Hcl buffer ( PH 8.0). Pellets from these samples were obtained by centrifugation and then resuspended in 2 ml Tris Hcl buffer and stored in a falcon tube at -20 °C until used (21).
Genotypic analysis of bacterial isolates
 DNA Extraction
DNA was extracted by thermal lysis (boiling method) (22)
Polymerase chain reaction (PCR)
Polymerase chain reaction was carried out using thermo cycler (TECHNE TC-312, UK). Specific primer was used for detection of L. monocytogenes by conventional PCR.
Primers
The primer 5’-TATGTCGGGCAAGCGTTC-3’ and 
5’-GCGCTTGCGTGGTAATTC-3’ was used, with product size 281bp.
Preparation of reaction mixture
List 1-Preparation of PCR reaction mixture
	Reagents
	Volume (µl)

	WFI
	18

	Forward primer
	1

	Reverse primer
	1

	Template
	5



Amplification conditions of PCR
The amplification was done by using 0.2 PCR eppendorf tubes that subjected to thermo cycler. 

	Phase
	PCR conditions
	Number of cycles

	Initial denaturation
	94º C for 2 mines
	1 cycle

	Denaturation
	94º C for 30 sec
	
35 cycle

	Annealing
	48º C for 30 sec
	

	Extension
	72º C for 40 sec
	

	Final extentin
	72º C for 5 mines
	1 cycle



Visualization of the DNA products
The gel casting tray was put into the electrophoresis, tank flooded with 1x TBE buffer just to cover the gel surface, 6μl of PCR products from each sample was added to wells of electrophoresis, 5μl of 100-bp DNA ladder  (iNtRON, Korea), was added to the well in each run. The gel electrophoresis apparatus was connected to power supply (100 V, 500 mA, UK). The electrophoresis was carried out at 75Volts for 30 minutes and the gel tray was removed from the electrophoresis apparatus and the buffer was discarded. Then the gel was visualized for DNA bands by the U.V transilluminater and photographed (Uvitec –UK) (23).
 Data analysis
Data was analyzed by using Statistical Package for Social Science Program (SPSS) version (16.0) for frequency and percentage.
3- Result
In this study, 50 clinical samples were collected during 2017. Clinical specimens obtained from patients with spontaneous miscarriage hospitalized in Omdurman Maternity Hospital and Alsudi Hospital, including:  vaginal and high vaginal swabs.
3.1. The percentage of positive samples
The genotypic detection of 50 samples revealed 5 (10%) samples to be positive for L. monocytogenes showed in Fig (1). The five isolates from clinical samples were recovered from three vaginal swab samples (6%) and two from high vaginal swab samples (4%).
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Fig (1) The percentage of positive samples



The majority of positive samples (2 out of 5) were found in the age range 31-36 years (table 1) 
 Table (1): Relationship between age and frequency of L. monocytogenes
	
	Age
	  Listeria Spp.
	
	Total

	
	Positive
	Negative
	

	19-24 yrs
	1
16.7%
	5
83.3%
	6
100.0%

	25-30 yrs
	1
5.9%
	16
94.1%
	17
100.0%

	31-36 yrs
	2
10.5%
	17
89.5%
	19
100.0%

	37-42 yrs
	1
12.5%
	7
87.5%
	8
100.0%

	Total
	5
10%
	45
90%
	50
100.0%




Three out of five (60%) of the positive cases were recorded in the second trimester of the gestation period (table.2).

 Table (2): Relationship between gestational age and presence of L. monocytogenes

	Trimester
	Result
	
	Total

	
	Positive
	Negative
	

	2nd trimester
	3
12%
	22
88%
	25
100%

	3rd trimester
	2
8%
	23
92%
	25
100%

	Total
	5
10%
	45
90%
	50
100%



The majority of positive cases of L. monocytogenes 4 (80%) were recovered from women having single abortion during their marriage period (table 3).
 Table (3): Relationship between the number of abortion of pregnant women and the infection with L. monocytogenes

	No. of abortion
	Result
	
	Total

	
	Positive
	Negative
	

	One abortion
	4
14.3%
	24
85.7%
	28
100%

	Two abortion
	0
0%
	11
100%
	11
100%

	≥ 3 abortion
	1
9.1%
	10
90.9%
	11
100%

	Total
	5
10%
	45
90%
	50
100%



Most of the positive samples infected with L. monocytogenes 3 (60%) were obtained from the vaginal swab (table 4).
 Table (4): Relationship between the location of the sample and the frequency of L. monocytogenes

	Type of sample
	Result
	
	Toyal

	
	Positive
	Negative
	

	Vaginal swab
	3
12%
	22
88%
	25
100%

	HVS
	2
8%
	23
92%
	25
100%

	Total
	5
10%
	45
90%
	50
100%



The PCR allowed amplification of specific gene of L. monocytogenes, the product size is 281bp. Among 50 samples, L. monocytogenes was found in 5 samples (Fig 2).
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Fig (2): Agarose gel electrophoresis of PCR amplification products using specific gene to L. monocytogenes isolated from clinical human samples. 
Lane M: 100bp ladder as molecular DNA marker, Lane 1: Control negative, Lane 2: Negative sample, Lane 3: Positive sample.
4-Discussion
Reports of listeriosis from humans in Sudan are uncertain, either because of failure to identify the isolate, its rarity, improper isolation techniques, low incidence rate or lack of awareness.
In the present study, the genotypic detection of 50 samples collected from 50 pregnant women with a history of spontaneous abortions revealed 5(10%) samples were identified as L. monocytogenes, 3(6%) and 2(4%) for vaginal and high vaginal swab, respectively.
 
A different frequency of L. monocytogenes has been reported from several countries. The prevalence of L. monocytogenes in this study (10%) was higher than the earlier reports on the isolation of L. monocytogenes from three out of 100 (3%) (24), nine out of 670 (1.3%) (25), two out of 633 (0.3%) (26), four out of 305 (1.3%), one out of 958 (0.1%) (27), five from 300 (1.7%) (28), seven out of 481 (1.5%) (29), 18 out of 2200 (0.81%) (30), and two out of 295 (0.68%) (31).
The variation reported among the studies can be due to differences in the population under study, including culture, race, nutrition, ecological region and also laboratory diagnosis methods and also difference in sites of sample collection.
Also, the result of this study is in agreement with the earlier from ten out of 100 (10%) (Stephen et al., 1978), twenty-two out of 428 (5.1%) (32), nine out of 100 (9%) (33), fourteen out of 200 (7%) (34), fourteen out of 170 (8.2%) (35), 13 out of 94 (13.8%) (36) and seven out of 100 (7%). These reports highlight the importance of the pathogen as a causative agent for spontaneous human abortions in this ecozone of the world.
25 out of 120 (21%) (37) have a higher occurrence compared with a present study.
However, L. monocytogenes was recovered from meat and ready to eat food according to studies carried out in Sudan, isolated 204 out of 500 (40%) from Fresh Raw Dressed Broiler Chicken, and isolated 3% of L. monocytogenes from Ready to Eat Vended Food of Meat Origin (38), this was indicted to infection of pregnant women with Listeria from consumption of contaminated food.
In another study carried out in Sudan, isolated the Listeria from blood in case of Puerperal Sepsis  (39).
The present study shows the most effective age (31- 36 years) this agreed with  . This may be attributed to increased marriage and sexual activity with pregnancy at this age group who increased consumption of milk, milk products, fruits and vegetables infected with Listeria spp.
The majority of positive cases of L. monocytogenes 4 (80%) were recovered from women having single abortion during their marriage period, this agreed with (40).
Most of the positive samples infected with L. monocytogenes 3 (60%) were obtained from the vaginal swab, this agreed with (41).
There is a lack of data for low-income countries and developing countries, the studies only find data from high income and middle-income regions, and said certain assumptions had to be made to produce global
5- Conclusion
This study concluded that there were different percentages of prevalence between the vaginal and high vaginal swab samples, and the most cases of listeriosis found in the second trimester gestational age of pregnant women at sampling. Besides,  L. monocytogenes has no association with the spontaneous miscarriage in Sudanese pregnant women.
Disclaimer (Artificial intelligence)
Authors hereby declare that NO generative AI technologies, such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 



References


1. Goulet V, Hebert M, Hedberg C, Laurent E, Vaillant V, De Valk H, et al. Incidence of listeriosis and related infections. 2011.
2. Salyers AA, Whitt DD. A molecular approach. American Society of Microbiology; 2002.
3. Ramaswamy V, Cresence VM, Rejitha JS, Lekshmi MU, Dharsana K, Prasad SP, et al. Listeria-review of epidemiology and pathogenesis. J Microbiol Immunol Infect. 2007;40(4).
4. Eslami G, Samadi R, Taherpanah R, Taherpor A, Baseri N. Detection of actA and InlB genes in Listeria monocytogenes isolated from women with spontaneous abortions. Novel Biomed. 2014;2:18-21.
5. Bracegirdle P, West A, Lever M, Fitzgeorge R, Baskerville A. A comparison of aerosol and intragastric routes of infection with Listeria spp. Epidemiol Infect. 1994;112:69-79.
6. Abram M, Schluter D, Vuckovic D, Wraber B, Doric M, Deckert M. Murine model of pregnancy-associated Listeria monocytogenes infection. FEMS Immunol Med Microbiol. 2003;35:177-82.
7. Bakardjiev AI, Stacy BA, Portnoy DA. Growth of Listeria monocytogenes in the guinea pig placenta and role of cell-to-cell spread in fetal infection. J Infect Dis. 2005;191:1889-97.
8. Winkhaus-Schindl I, Seeliger H, Andries L. Listeriosis as a confirmed cause in several patients with habitual abortions. Geburtshilfe Frauenheilkd. 1966;26:1377-9.
9. Romana C, Salleras L, Sage M. Latent listeriosis may cause habitual abortion, intrauterine deaths, and fetal malformations. Acta Microbiol Hung. 1989;36:171-2.
10. Awofisayo A, Amar C, Ruggles R, Elson R, Adak G, Mook P, et al. Pregnancy-associated listeriosis in England and Wales. Epidemiol Infect. 2015;143:249-56
11. [bookmark: _ENREF_220] Kaur S, Malik S, Vaidya V, Barbuddhe S. Listeria monocytogenes in spontaneous abortions in humans and its detection by multiplex PCR. J Appl Microbiol. 2007;103:1889-96.
12.   Klatt EC, Pavlova Z, Teberg AJ, Yonekura ML. Epidemic perinatal listeriosis at autopsy. Hum Pathol. 1986;17:1278-81.
13.   Gogate A, Deodhar L. Meningitis due to Listeria monocytogenes: a case report. J Postgrad Med. 1981;27:240.
14.   Aljicevic M, Beslagic E, Zvizdic S, Hamzic S, Mahmutovic S. Listeria monocytogenes in women of reproductive age. Med Arh. 2005;59:297-8.
15.   Pratapa Reddy V. Studies on isolation and molecular characterization of Listeria monocytogenes of animal origin and their public health significance. Tirupati (India): Sri Venkateswara Veterinary University; 2017.
16.   Murray EGD, Webb RA, Swann MBR. A disease of rabbits characterised by a large mononuclear leucocytosis, caused by a hitherto undescribed bacillus Bacterium monocytogenes (n. sp.). J Pathol. 1926;29:407-39.
17.   Pirie JH. A new disease of veld rodents ‘Tiger River disease’. Publ S Afr Inst Med Res. 1927;3:163-87.
18.   Gray ML, Killinger A. Listeria monocytogenes and listeric infections. Bacteriol Rev. 1966;30:309.
19.   Nyfeldt A. Étiologie de la mononucléose infectieuse. CR Soc Biol. 1929;101:590-1.
20.   Ueda F, Anahara R, Yamada F, Mochizuki M, Ochiai Y, Hondo R. Discrimination of Listeria monocytogenes-contaminated commercial Japanese meats. Int J Food Microbiol. 2005;105:455-62..
21.   Jacobs M, De Roda Husman A, Van den Brule A, Snijders P, Meijer C, Walboomers J. Group-specific differentiation between high- and low-risk human papillomavirus genotypes by general primer-mediated PCR and two cocktails of oligonucleotide probes. J Clin Microbiol. 1995;33:901-5.
22.   De-Paris F, Machado ABMP, Gheno TC, Ascoli BM, Oliveira KRP, Barth AL. Group B Streptococcus detection: comparison of PCR assay and culture as a screening method for pregnant women. Braz J Infect Dis. 2011;15:323-7.
23.   Jalali HR, Pourbakhsh A, Fallah F, Eslami G. Genotyping of virulence factors of uropathogenic Escherichia coli by PCR. Novel Biomed. 2015;3:177-81.
24.   Bhujwala R, Hingorani V, Chandra R. Genital listeriosis in Delhi (India): a pilot study. Indian J Med Res. 1973;61:1284-8.
25.   Bhujwala R, Hingorani V. Perinatal listeriosis: a bacteriological and serological study. Indian J Med Res. 1975;63:1503.
26.   Dhanashree B, Otta S, Karunasagar I, Goebel W. Incidence of Listeria spp. in clinical and food samples in Mangalore, India. Food Microbiol. 2003;20:447-53.
27.   Stepanovic S, Vukovic D, Djukc S, Cirkovic I, Svabic-Vlahovic M. Long-term analysis of Listeria monocytogenes vaginal carriage frequency in Belgrade, Serbia. Acta Microbiol Immunol Hung. 2007;54:195-9.
28.   Soni DK, Singh RK, Singh DV, Dubey SK. Characterization of Listeria monocytogenes isolated from Ganges water, human clinical and milk samples at Varanasi, India. Infect Genet Evol. 2013;14:83-91.
29.   Sushanta K, Swapnil D, Poharkar K, Rodriguez S, Kalorey D, Kurkure N, et al. Characterization of Listeria monocytogenes isolated from human clinical cases. Int J Med Health Sci. 2015;4:206-12.
30.   Soni DK, Singh DV, Dubey SK. Pregnancy-associated human listeriosis: virulence and genotypic analysis of Listeria monocytogenes from clinical samples. J Microbiol. 2015;53:653-60.
31.   Ernest AI, Ndaboine E, Massinde A, Kihunrwa A, Mshana S. Maternal vaginorectal colonization by Group B Streptococcus and Listeria monocytogenes and its risk factors among pregnant women attending tertiary hospital in Mwanza, Tanzania. Tanzan J Health Res. 2015;17.
32.   Kargar M, Ghasemi A. Role of Listeria monocytogenes hlyA gene isolated from fresh cheese in human habitual abortion in Marvdasht.
33.   Lotfollahi L, Nowrouzi J, Irajian G, Masjedian F, Kazemi B, Falahat LEA, et al. Prevalence and antimicrobial resistance profiles of Listeria monocytogenes in spontaneous abortions in humans. Afr J Microbiol Res. 2011;5:1990-3.
34.   Shindang J, Shindang C, Ekwempu A. Incidence of Listeria monocytogenes and other bacteria in spontaneous abortion cases in Jos. Niger J Biotechnol. 2013;25.
35.   Kalani BS, Pournajaf A, Sedighi M, Bahador A, Irajian G, Valian F. Genotypic characterization, invasion index and antimicrobial resistance pattern in Listeria monocytogenes strains isolated from clinical samples. J Acute Dis. 2015;4:141-6.
36.   Al-Dorri AZRA. Study of bacteria Listeria monocytogenes in spontaneous aborted women in Salah Al-Deen province. Tikrit J Pure Sci. 2016;21.
37.   Haghroosta A, Shakh AF, Shooshtari MM. Investigation on the seroprevalence of Listeria monocytogenes in women with spontaneous abortion. Comp Clin Pathol. 2015;24:153-6.
38.   Mohammed AM. Contamination of ready-to-eat vended food of meat origin with aerobic bacteria in Khartoum State [thesis]. Khartoum: University of Khartoum; 2004.
39.   Ahmed MI, Alsammani MA. Puerperal sepsis in a rural hospital in Sudan. Mater Sociomed. 2013;25:19.
40.   Eslami G, Samadi R, Taherpanah R, Taherpor A, Baseri N. Detection of actA and InlB genes in Listeria monocytogenes isolated from women with spontaneous abortions. Novel Biomed. 2014;2:18-21.

41. Shaker EM, Hassanien AA. PCR techniques detection of some virulence-associated genes in Listeria monocytogenes isolated from table eggs and clinical human samples. Assiut Vet Med J. 2015;61:219-25.



1

image1.png
Hhegative




image2.jpeg

