
DISCOVERY l RESEARCH ARTICLE 

© 2021 Discovery Scientific Society. All Rights Reserved. ISSN 2278–5469  EISSN 2278–5450 l OPEN ACCESS 

P
ag

e6
2

1
 

 

Molecular detection of Laribacter 

hongkongensis in Fresh fruits 

cocktail collected from Public 

market: An environmental and 

public health concern 
 

Igere Bright E1,2, Ehwarieme Ayobola D3, Olubunmi 

Akpomie3 

 

  

ABSTRACT 

In recent times, the relevance of fruits to health and wellbeing have received 

attention which has welcomed various commercial interests and modified 

bagged/packaged fresh fruit products by businessmen/investors. However the 

safety of such fruit cocktail in public markets remain a concern especially as there 

have been reports of emerging contaminants of food products and freshwater. 

Our study examined the molecular detection of Laribacter hongkongensis from 

fresh fruits cocktail purchased at different locations using Polymerase Chain 

Reaction (PCR) and standard microbiological techniques. Eighty-eight 

presumptive isolates were retrieved from various locations including: CRW1: 14, 

CRB1: 11, CRA1: 16, CROS1: 12, CRL1: 18 and CRUB: 17. The PCR detection 

yielded 8/88 (9.09%) of positive species of L. hongkongensis with phenotypic 

virulence or in vitro virulent determinative test (VDT) revealing: lipase 

production (6/8: 75%), catalase (8/8: 100%), oxidase (8/8: 100%), urease (8/8: 100%), 

protease production (5/8: 62.5%), and lecithinase production (3/8: 37.5%). The 

antibiotic susceptibility testing (AST) reports reveals that the observed strains are 

both potential pathogens and harbors multiple antibiotic resistance (MAR) 

determining factors (Augmentin 37.5%; Nalidixic acid 37.5%; Imipenem 25%; 

meropenem 12.5; Ciprofloxacin 12.5%; Doripenem 12.5%; Kanamycin 12.5%). 

Observing such potential pathogen of emerging concern with virulent indices and 

MAR indicates a new problem in fresh fruit cocktail commercialization. It also 

indicates a possible cross-contamination of fresh fruit cocktail probably during 

preparation or shipment. The need for apt attention, monitoring and surveillance 

with adroit application of inter-personal hygiene is suggestive to eliminate such 

emerging species of concern. 
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1. INTRODUCTION  

Globally, fruits are considered as food which is eaten only to enhance digestion, balance weight or rehydrate consumers (Sheppard-

Samuel, 2021). In recent times, there has been a growing need for fruits by diverse interest sector due to awareness on the relevance 

of fruits to wellbeing and health since it consists mineral ions, vitamins, fibers, low energy fat and essential oils of health benefit 

(Olu-Taiwo et al., 2021; Fabiyi et al., 2020; Gundappa and Gaddad, 2016). Fruits are recommended for adequate consumption to 

reduce diseases risk factors, reduce formation of oxide/superoxide radicals O2- and other related perioxide anion O22- that may 

encourage tissue damage and other microbial enteric infections (Denis et al., 2016). They contain valuable food ingredients which 

are essential for the proper function of the body, various medicinal and therapeutic agents and are valued mainly for their high 

mineral content. Studies have evaluated the association of fruits consumption with the reduction of risk of specific diseases (Hung 

et al., 2004). In Africa, there has been a hike in the consumption of fruits even to the extent of modifying the fruit products in a mix 

called cocktail in well packaged/bagged containers (Olu-Taiwo et al., 2021; Tenea and Olmedo, 2021). Following the season of the 

year and change in environmental conditions, the rate of consumers demand for fruits continue to climax as commercial vendors 

grow in wealth and business confederate.  In Europe and United Kingdom, there has been a recorded increase in the demand and 

sales for fruits from £996,000,000 ($1,564,000,000) in 1995 to £1,100,000,000 ($1,700,000,000) in 2000 with sales reported by 

independent vendors, supermarkets as well as independent small scale companies (Tenea and Olmedo, 2021). It is presumed as 

reported by various investigators that at the continuous growth in sales of such fruits, the net worth of fruit sales by 2003 would 

have increased beyond £490,000,000 ($769,000,000) (Mintel group 1999; 2002; Sagoo et al., 2003). Although, there is an observed 

growth and demand for fruits which are currently been packaged/bagged in marketable containers, the safety and edible state of 

these products yet remain a concern.  The ubiquitous nature of microorganisms, cannot be less mentioned which arouse the 

incidence of microorganisms in fruits, as it reflects the sanitary quality of their processing steps and the microbiological condition of 

the raw product at the time of processing. For more than 100 years, fruits contamination has been recognized as a potential source 

of human and animal enteric infections (Olu-Taiwo et al., 2021).  

One notable enteric pathogen of such emerging relevance both in clinical and environmental nexus is Laribacter hongkongensis. 

The pathogen was first observed, isolated, and reported in 2001 at the University of Hong Kong school of Medicine, at the 

Microbiology Department by Professors Yuen Kwok-yung Hu and Zhao Yi as Hong Kong seagull bacteria genus (proteobacteria). 

Due to the bacteria uniqueness in cultural characteristic features, morphology and biochemical reaction, it was named as HKU1 

strain until modern molecular biology techniques affirmed the unique and new nature of the strain which made it to be 

characterized as L hongkongensis or Hong Kong Laribacter (Lau et al., 2011a, 2011b; Curreem et al., 2011; Kim et al., 2011; Tang et al., 

2013). The pathogen has been reported to possess specialized signaling machinery from its Transport Protein Database (TCDB) 

reports, which allows it to sense and adapt to diverse environmental conditions, substances, sugars, amino acid and/or metallic ions 

(Lau et al., 2011b). It is a β-subclass, motile, S-shape, non-fermenting, non-sporulating, Gram-negative, urease-positive and 

facultative anaerobic bacterium that thrives in fresh water, observed in patients with high fever, shortness of breath (Cirrhosis 

patient with bloody-pus in chest or empyema) and diarrheogenic stool patients (Woo et al., 2003). The bacillus belongs to the family 

of Neisseriaceae and may be implicated in community acquired infections and gastroenteritis (Chen et al., 2013; Shen et al., 2011). 

The pathogen has been reported in the Asian continent (Japan and China), in Europe (Switzerland), central America (Cuba) and 

recently in Africa (Tunisia) which suggest a global coverage and transmission/spread of pathogen (Raja and Ghosh, 2013). It is 

mainly isolated from freshwater fishes, grass and bighead carps and other sea meat products. It is evident to note that its presence 

in any specimen indicates ingestion of cross-contaminated food or food products, with a notable risk associated factor as 

consumption of contaminated freshwater materials or food (Raja and Ghosh, 2013; Woo et al., 2009; Woo et al., 2010). Such 

emerging concerns (new strain, food and fruit products safety, emerging aquatic/water quality) from emerging pathogen arouse the 

necessity for utmost attention and surveillance (Yang et al., 2011; Yuen et al., 2001). In the light of affirming the safety and 

interpersonal hygiene amongst fresh fruit cocktail producers and vendors, we determined the molecular detection of L. 

hongkongensis in Fresh fruits cocktail collected from public market {where?}. 

 

2. MATERIAL AND METHODS 

Fresh fruit cocktails were purchased and transported in ice pack cooler box from six diverse retail market (supermarkets and fruit 

shops) located in Delta State, Edo State, Ondo State with location codes as CRW1, CRB1, CRA1, CROS1, CRL1 and CRUB  between 

November, 2019 and March, 2020. Specimens were labeled appropriately with numbers and codes to differentiate the locations, 

time of collection, date of collection, specimen type and State of collection. Adequate aseptic conditions were applied to avoid 

possible cross-contamination during transportation, labeling, analysis and/or investigation. The various fruit mix were immediately 
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(within 6 -8 hrs) transported to the Microbiology Laboratory, Western Delta University Oghara, Delta State for microbiological 

cultivation of specimen and 24 – 48 hrs incubation. Samples with suspected foul odor were disinfected and discarded aseptically. 

Presumptive isolates were transported in cooler boxers to Lahor research Laboratory Benin City Edo State for molecular 

identification of strains.  

 

Presumptive Isolation of Strains 

Specimens were cultured onto glucose peptone water for 24 hrs and sub-cultured onto 16 - 32 μg/mL Cefoperazone (Cefobid) or 

Ceftriaxone supplemented MacConkey agar, incubated at 37 oC for 24 - 48 hrs, as previously described by Woo and his colleagues 

(Woo et al., 2009; Lau et al., 2003; Ni et al., 2007) with few modifications. Isolates that grow on Cefoperazone or Ceftriaxone 

supplemented MacConkey agar (CMcA) showing non-lactose fermentation were Gram stained. Single colony showing Gram 

negative and non-lactose fermenting with sea gull-shaped and motile were purified and stored in aliquot culture (660 μl) on sterile 

2 ml graduated skirted Cryo preservation tubes (Starlabs, Milton Keynes, UK) containing a 0.4 ml mixture of normal saline and 

glycerol (1:1 or a 50 % glycerol) in 0.6 ml of sterile de-ionised water. The tube was vortexed briefly to ensure thorough mixing of 

contents and immediately stored frozen in refrigerator. 

 

Biochemical characterization 

Isolates were subjected onto motility test and various biochemical test including Oxidase test, catalase test, urease test and sugar 

fermentation test. Isolates with negative sugar fermentation and positive Oxidase (deep blue colouration within 10 seconds), red 

colouration on Urease agar, glucose fermentation negative and release of oxygen gases on 3% hydrogen peroxide were selected as 

presumptive isolates. 

 

Oxidase test 

Non-lactose fermenting colonies from CMcA were purified on preprepared nutrient agar (NA). An 18-24 hrs old culture NA was 

scraped with a sterile wooden applicator stick and smeared onto a wet filter paper with 1% oxidase reagent as described by the 

manufacturer (MicroBact Oxidase detection strips, www.oxoid.com/ifu Australia). The reaction was considered positive when 

inoculum color was turned to deep blue/dark purple within 10 sec. 

 

Urease Test 

A sterile agar slope/slant of the urea medium (Christensen’s urea medium) was inoculated with an overnight culture of the 

suspected organism and incubated overnight. Urease activity is indicated by the production of red colour at the surface of microbial 

growth (Cowan and Steel, 1975). 

 

Citrate Test (Koser’s Medium) 

Few drops of the peptone water suspension of the suspected isolate was asceptically inoculated onto Simmon citrate medium, and 

it is incubated overnight (18-24hrs) at 37 0C. Citrate utilization was indicated by the change in colour into the medium from light 

green to Turkish blue (Cowan and Steel, 1975). 

 

Proteinacious and Enzyme-based Phenotypic Virulent determination 

The methods employed by Woo et al. (2009) was applied with few modifications. Briefly isolates were subjected to the following in 

vitro virulent tests. 

 

Detection of haemolysin: 

A loopful of presumptive overnight isolates were inoculated onto blood agar by streaking and incubated at 37 C° for 24 hr. Zone of 

haemolysis  (β- haemolysis) appearing around colonies indicates a positive test (Elliot et al., 1998). 

 

Detection of protease 

Skimmed milk agar was prepared as described by Harold (2002). A single colony of a 24 hr culture from nutrient agar was 

inoculated onto the surface of pre-prepared skim milk agar and incubated at 37 C° for 24- 48 hr. The appearance of clear zone of 

hydrolysis around inoculums indicates of positive test. 
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Detection of Lipase 

The method of Rodina (1972) was employed. The surface of pre-prepared lipase or Rhan media was inoculated with a single colony 

of an overnight test organism and incubated for (1-5) days at 37 C°. The appearance of turbid zone around colonies indicates a 

positive result. 

 

Detection of phospholipase (Lecithinase) 

The media was prepared according to Baron et al.(1994) and Dogan and Boor, 2003 with few modification. The prepared media for 

detection phospholipase or lecithinase (egg York agar) was inoculated with a single overnight culture and incubated for (24- 48) hr 

at 37 C°. A positive test is indicated by appearance of white to brown coloured colony. 

 

Antibiotic susceptibility test (AST) 

AST was conducted for all confirmed L. hongkongensis isolates following the Clinical Laboratory Standard Institute (CLSI, 2017; 

2015) and Kirby-Bauer disc diffusion method using Mueller Hinton agar plates (MHAPs). Mueller Hinton Agar [HG 000C37.500, 

Biolab-Merck-63725, Merck KGaA, 64271 Darmstadt, Germany. (www.merck-chemicals.com)] were prepared following the 

manufacturer instruction. Inoculums density was standardized using 0.5MacFalard solution and used for antibiotics sensitivity test 

(AST) or developing susceptibility pattern (Jorgensen et al., 1999). The following fifteen commercially available antibiotic discs were 

obtained (via Davies Diagnostics (Pty) Ltd.) from Mast Diagnostics (Merseyside, UK) and aseptically applied on streaked MHAP 

for AST. These antibiotics include: Carbapenems: {Meropenem (Mem-10 μg), Imipenem (Imi-30 μg), Doripenem (Dor-10 μg), 

Ertapenem (ETP-10 μg)}, β-lactam inhibitors: {Amoxicillin-Clavulanic acid (AUG-30 μg), Ampicillin-Sulbactam (SAM-20 μg), 

Piperacillin-Tazobactam (PTZ-110 μg)}; Fluoroquinolones: {Nalidixic acid (NA-30 µg), Ciprofloxacin (CIP-5 µg), Norfloxacin (Nor-

10 µg), Levofloxacin (Lev-5 µg) and Aminoglycosides: {Gentamycin (Gm-30 μg), Kanamycin (K-30 μg), Streptomycin (S-30 μg), 

Amikacin (AK-30 μg)} (Raja and Ghosh, 2013; Lau et al., 2009a,b). Thereafter, all inoculated agar plates with antibiotic discs were 

pre-incubated on the bench for stability at 10 min before incubation at 37 °C for 18–24 h. Clear inhibition zones were measured in 

millimeter diameters using meter rule and interpreted as sensitive (S), intermediate (I) or dosage dependent and/or resistant (R) 

according to the CLSI and EUCAST guidelines (EUCAST, 2018; CLSI, 2017; Lau et al. 2005). 

 

Genomic DNA Extraction 

Genomic DNA was extracted using the Igere et al. (2020) boiling method after harvest of single colony from 24 hour culture. 

Following cell debris removal, tube were centrifuged (Hermle Microrifuge; Labortechnik GmbH Germany) at 13,500 rpm for 5 min. 

The supernatant which contains template DNA was collected and stored at -20 °C until PCR as previously described by Park et al. 

(2013). The 16S rRNA specie specific gene primers for L. hongkongensis were retrieved from previous investigators primer design as 

FLPW538 5′-AGTAATGGGGGATAACGCA-3′ and RLPW539 5′-AGGGATTTCCTCCCTGACA-3′ (Lau et al., 2009, 2007b; Yuen et 

al., 2001). The retrieved sequences were synthesized with purity report provided by Inqaba Biotechnical industries (Pty) Ltd. 

(Hatfield Pretoria, South Africa). The Thermal cycler or PCR (T100TM, Bio-Rad, Hercules, Califonia, USA) technique was conducted 

in a 200 μL microfuge tube with cycling temperatures as specific below. Approximately 1 μM concentration of DNA extract was 

used for PCR at a final volume of 25 µL content. A green solution GoTaq ℗G2 master mix which is supplied in 2 GoTaq ℗G2 green 

reaction buffer consisting: dNTPs {400 µM each of dATP, dGTP, dCTP and dTTP} at pH: 8.5, 3 mM MgCl2 and GoTaq ℗G2 DNA 

polymerase of optimal concentration requirement for efficient PCR amplification were used according to the specification of 

Promega Corporation (Boston, USA; www.promega.com). A 0.5 µM, primer concentration of  16SrRNA gene and thermocycling 

condition of 5 min at 94.0 °C followed by 35 cycles of 94.0 °C for 1 min, 63.0 °C for 50 sec and 72.0 °C for 50 sec and a final extension 

step at 72.0 °C for 10 min were used. A 320 bp amplicon/target region size of 16S rRNA specie specific gene for L. hongkongensis is 

expected. Detection of amplicons was conducted by agarose electrophoresis using a Sigma-based (Sigma Aldrich, Dorset, UK) tris 

acetate-EDTA (TAE) of 50, which is re-constituted and/or diluted to a 1X TAE working/running buffer. Briefly, 1.5 g agarose 

(Sigma Aldrich, Dorset, UK) powder was weighed, dissolved in 100 mL of 1X TAE working buffer solution and heated to boiling 

for 5 mins at 100 oC. The preparation is casted on a minigel casting tray (Anachem, Dorset, UK), allowed to solidify, retrieved and 

transfered carefully into an electrophoresis tank filled with 1 × TAE working buffer for 45 min electrophoresis (electrophoresis 

machine CLS-AG100, Warwickshire, UK) at 100 V. The electrophoresed gel was stained with 2 μL per 50ml of 0.5 mg/L ethidium 

bromide and visualized on a Gel documentation system (Bio Rad Hercules, Califonia, USA). Each PCR process was done along with 

DNase free water as negative control.  
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Quantification of genomic DNA extracted 

Extracted genomic DNA of the various isolates of L.hongkongensis were then quantified using a UV Visible Spectrophotometer 

(model S-22, Boeco, Germany) at a wavelength of 260 nm (Sambrook et al., 1989). 

 

Multiple Antibiotic Resistance Index (MARI) Determination and Statistical Analysis 

The index of multiple antibiotic resistance (MARI) for each strain was determined using the method of Igere et al. (2020). The 

formula applied is as follows: MARI = p/q, where “p” is the number of resistance observed for each antibiotic amongst tested 

isolates while “q” is the total antibiotics applied while conducting the AST during study. 

 

Analysis of Data 

Reports and results were collated/processed using Excel spread sheet, PAleontological Statistics Version 3.14 (Oslo, Norway) while 

reports are presented both in tables, figures and heatmap. 

 

3. RESULTS 

The potential presumptive pathogens were retrieved from fresh fruit cocktails and characterised using both standard 

microbiological/culture based methods and molecular biology techniques (PCR; Polymerase chain reaction). The figure 1 below 

shows a photomicrogram of a seagull-shaped Gram negative rod photographed in our laboratory during the study. This pin-

pointed Gram negative rod shape is characteristic for L. hongkongensis strains which defines their seagull shape of the isolates.  

 

 
Figure 1:  Seagull shaped Gram negative rods 

 

The Virulence Culturonomics of L. hongkongensis  

The culturonomics also captured virulent determination including haemolysin detection, lipase detection, lecithinase detection, 

protease detection, oxidase detection and catalase detection. Figure 2a shows the protease hydrolysis of isolates on skimmed milk 

agar by isolates number 2, 3, 4, 4a, 5a, 3a, 6. Isolate 2a was negative to the protease hydrolysis test. Figures 2b shows the lecithinase 

production on egg york agar while figure 2c shows the lipase production on Rhan agar as specified by Rodina, 1972 and 2d shows 

the haemolysis of bacteria colonies on blood agar.  

 

 
a      b 
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c                               d 

Figure 2: The production of diverse virulent phenotypes; a) protease hydrolysis, b) Lecithinase production, c) hydrolysis of 

lipids d) motility. 

 

Table 1: Virulent Phenotypes observed amongst presumptive/confirmed Isolates per site 
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CRB1 11 2 3 1 2 1 3 0 7 1 9 2 9 2 11 2 

CRA1 16 0 4 0 1 0 1 0 3 0 12 0 14 0 15 0 

CROS1 12 1 2 1 2 1 2 0 4 0 8 1 12 1 11 1 

CRL1 18 2 3 1 2 2 3 1 8 2 15 2 16 2 18 2 

CRUB 17 2 4 1 1 1 5 1 7 1 13 2 15 2 16 2 

Total 88 8 21 5 11 6 18 3 35 5 68 8 76 8 84 8 

Presumpt: presumptive; Prod.: Production PCR: polymerase chain reaction; NA: not accessed 
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               5 
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               Figure 3. The antibiogram heatmap of L. hongkongensis to specified antibiotics according to CLSI (2018) and Lau et al. (2009b). The various 

antibiotics used include: Carbapenems: {Meropenem (Mem-10 μg), Imipenem (Imi-30 μg), Doripenem (Dor-10 μg), Ertapenem (ETP-10 μg)}, β-

lactam inhibitors: {Amoxicillin-Clavulanate (AUG-30 μg), Ampicillin-Sulbactam (SAM-20 μg), Piperacillin-Tazobactam (PTZ-110 μg)}, 

Fluoroquinolones: {Nalidixic Acid (NA-30 µg), Ciprofloxacin (CIP-5 µg), Norfloxacin (Nor-10 µg), Levofloxacin (Lev-5 µg)} and 

Aminoglycosides: {Gentamycin (Gm-30 μg), Streptomycin (S-30 μg), kanamycin (K-30 μg), Amikacin (AK-30 μg)}. 
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Antibiotic Susceptibility Testing (AST) of L. hongkongensis 

The above figure 3 is a heatmap plot of antibiotic resistance profile generated by the matrix plot of 3.14 Version past3 statistical 

software (Oslo, Norway) as described previously by Hammer et al. (2001). It was generated using coded numbers ranging from 1 

to 3 where 1 represents resistance to a specified antibiotic, 2 represents dosage-dependent or an intermediate susceptibility 

and 3 represents susceptibility/sensitivity using the CLSI, (2015) guideline as an in terpretation benchmark. The various 

colour as shown figure 3 above is as follows: Resistance (Red bar), intermediate/dose-dependent (Yellow bar) and 

susceptible/sensitive (Blue bar). The result shows that although the antibiotics used were members suspecte d to be effective 

in the management/control and/or treatment of the potential pathogen, the strains isolated are currently developing 

resistance to some of the antibiotics. 

 

Multiple Antibiotic Resistant Phenotypes (MARP) and Resistant Markers of Strains 

The Table 2 below shows the various multiple antibiotic resistant phenotypes, multiple antibiotics resistant index. Resistance 

numbers, intermediate numbers and sensitive numbers of the tested isolates with some of the isolates showing resistance to the 

carbapenem group of antibiotics, β-lactam/β-lactamase inhibitors, and the fluoroquinolone group of antibiotics. 

 

Table 2   The MARP of Isolates 

Isolates MARP/RM NO. R NO. I NO. S MARI 

1 Nil 0 3 12 0 

2 AUG 1 2 12 0.066667 

3 IMI, MEM, NA 3 4 8 0.2 

4 NA 1 2 12 0.066667 

5 AUG, NA 2 3 10 0.133333 

6 IMI, DOR, AUG 3 5 7 0.2 

7 K, CIP 2 3 10 0.133333 

8 Nil 0 3 12 0 

 

Percentage Prevalence and Percentage Resistant Phenotypes of Isolates 

The figure 4 shows the prevalence and percentage resistant phenotypes of tested isolates with 37.5% of isolates resistant 

toaugmentin (AUG-30C) and Nalidixic acid (NA-30C). A complete or 100% sensitivity was observed for ampicillin-sulbactam 

(SAM-20 μg) and amikacin (AK-30 μg) with a range of 87.5% to 75% sensitivity recorded for the carbapenem and fluoroquinolone 

antibiotics.  

 

 
Figure 4: Shows the prevalence and resistant profile amongst tested isolates of L. hongkongensis 
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PCR detection of presumptive isolates 

Amongst the 88/234 (37.6%) presumptive L.honkongensis isolates retrieved from the fresh fruit cocktail, 8/88 (9.09%) showed positive 

detection of L. hongkongensis strains during the Polymerase Chain Reaction (PCR) detection using the 16S rRNA specie specific 

primer sets. The Table 1 shows the details of both presumptive and PCR confirmed isolates from the various sampling sites. The 

figure 3 shows a photomicrogram of positive and negative reports of the PCR detection test with all positive strains have a specific 

amplicon size of 320 bp as previously reported by Lau et al. (2009, 2007b) and Yuen et al. (2001). 

 

 
 

Figure 5: Photomicrogram of the 16S rRNA gene (320 bp) in some isolates, L represents a molecular marker of 1.2kb, Nc is a 

negative control DSM 8224 Plesiomonas shigelloides, while numbers 1-8 are positive isolates. 

 

4. DISCUSSION 

A total of 50 specimen of commercial fresh fruit cocktail collected from various locations as specified earlier. Eighty-eight 

presumptive strains of L. hongkongensis isolates were retrieved as shown in Table 1 above with specimen location CRA1 harboring 

16 presumptive and zero confirmed strains. It is important to note that L. hongkongensis is a potential pathogen associated with 

enterocyte infection as well as diarrhea. The figure 1 shows the Gram reaction photograph of the presumptive isolates with a pin-

pointed or seagull shaped Gram negative rods which is characteristic for L. hongkongensis. In addition, other microbiological based 

culturonomics and morphology of colonies were also observed which are similar in characteristics with L. hongkongensis culture 

based characteristics as well as biochemical characteristics. All biochemical test including urease determination, oxidase test, 

catalase etc were positive as presented (Table 1). Amongst the eighty-eight presumptive L. hongkongensis isolates recovered, eight 

(9.09%) (Figure 5) of them show specie specific amplified gene band size at 320 bp during the PCR detection which is similar to the 

previous report of Lau et al. (2009, 2007b) and Yuen et al. (2001). However, the DNA extract for Plesiomonas shigelloides, Vibrio 

cholerae, Escherichia coli and sterile deionised water show no band size at 320 bp using the specie specific 16S rRNA gene primer 

pairs. (FLPW538- and RLPW539-). There have been several reports on the detection of L. hongkongensis amongst fresh water species 

and other amphibiams by various investigators (Yang et al., 2011; Lau et al., 2009; Teng et al., 2005; Woo et al., 2004; Yuen et al., 

2001) which are based on both molecular detection and culture based microbiological standard methods. However, there has not 

been any study revealing the presence of the potential pathogen in fresh fruit cocktail. The observation has shown that the potential 

pathogen may thrive in other food or fruit related products especially as contaminant associated with poor or inadequate 

implementation/application of standard hygienic practices during preparation or transportation. Suffice to say that some of the 

amphibians (Chinese tiger frog) which have been reported previously as potential reservoir of the L. hongkongensis strains (Lau et 

al., 2009), are currently thriving in various fresh water estuaries which probably may serve as a hub for the distribution of the 

potential pathogen. The use of such fresh water types (that freshwater type which harbors the potential pathogen and/or serve as its 

distribution hub) during preparation of such fresh fruit cocktail, may also encourage the observation/reporting of the strain 

amongst fresh fruits. It is therefore of astute note that investors and businessmen in the area of fresh fruits as well as industries 

ensure adequate hygiene and/or sterility of water types used during pre-preparation of such fruit cocktails. Remarkably, various 

investigators of fruits products have reported the occurrence of diverse enterocyte infecting pathogens amongst fruits during 

related studies (Sheppard-Samuel, 2021; Tenea and Olmedo, 2021; Olu-Taiwo et al., 2021; Fabiyi et al., 2020; Gundappa and 

Gaddad, 2016; Denis et al., 2016). This observation has affirmed that although these enterocyte pathogens are present in the 

environment and are contaminating fruit products, there is need to affirm the identity of the potential pathogens using molecular 

biology based techniques as well as polymerase chain reaction (PCR). Strains of L. hongkongensis have been reported to possess 

multidiverse metabolic capabilities (Raja and Ghosh, 2013) in any environment hence allowing it to thrive successively. This is 

     L         Nc             1       2             3          4           5           6       7        8    

  1000bp 

   320 bp 

100 bp 



DISCOVERY l RESEARCH ARTICLE 

© 2021 Discovery Scientific Society. All Rights Reserved. ISSN 2278–5469  EISSN 2278–5450 l OPEN ACCESS 

P
ag

e6
2

9
 

another potential public health cruse if adequate measure are left unattended resulting future outbreak as the case may suggest. A 

continental or regional surveillance strategy of such fresh fruit cocktails is also suggestive as it would help to reduce/minimize or 

abort the spread of the potential pathogen within specific region. The culturonomic virulent phenotype of the strains were also 

conducted which reveals the following: Catalase (8/8: 100%), oxidase (8/8: 100%) and urease (8/8: 100%). The observation of all PCR 

detected strains showing urease positive is an indication that the potential pathogen possesses virulent determining indices which 

ensures neutralization of acidic nature of host cells, host epithelial invasion and colonisation. This was the position of Rutherford 

(2014), Yang and his colleagues (Yang et al., 2018) during their recent study which reveals that urease is a general microbial virulent 

factor which ensures success in invading host epithelial cells and colonization. Other related investigators has also reported that 

urease activity ensures neutralization of local acidic environment of host cells with a view to avoiding cathepsin destructive effects 

(Sendide et al., 2004). All PCR detected isolates also reveal positive to catalase determination which is a virulent factor that ensures 

defense against host as the organism hydrolyses the active oxygen species (hydrogen peroxide and other superoxide). This is 

similar to the report of Lau and his group (Lau et al., 2011) that catalase positive strains evade host defense by breaking down active 

oxygen species released during cellular phagocytosis eg hydrogen peroxide and/or other superoxides since L. hongkongensis encodes 

dismutase of superoxide in its genome. Oxidase positive strains were also observed which may be associated  with controlling 

reduced oxygen tension as previously reported by Curreem et al. (2011). Other enzyme based virulent determinants observed 

during the study were lipase production (6/8: 75%), protease production (5/8: 62.5%), and lecithinase production (3/8: 37.5%) (Figure 

2, Table 1). These virulent factors are associated with tissue degradation, diarrhea formation and infection with simultaneous 

release of proteinaceous components to evade host immune system. Such enzyme based virulent factors have been reported by 

various investigators (Fernández-Abreu et al., 2017; Bag et al., 2008; Woo et al., 2003), however, since it was phenotype detection, 

there is need to search and/or study the various genotypes to ascertain various putative genes and the role of L. hongkongensis in 

enterocyte infection. This is an important area of ongoing research in our lab. The antibiotic susceptibility testing of isolates, MARI, 

resistance prevalence, MARP and percentage sensitive to fifteen selected antibiotic were also determined (Figure 3, 4, Table 2). 

Although a minimal MARI was observed, some of the isolates show a MARI of 0.2 and below (Table 2) with a 100% sensitivity 

reported for ampicillin-sulbactam (SAM-20 μg), and amikacin (AK-30 μg). This is similar to the observation of Kim and his 

colleagues that a high sensitivity to ampicillin-sulbactam (SAM-20 μg), and amikacin (AK-30 μg) is observed amongst strains of L. 

hongkongensis (Kim et al., 2011). The potential pathogen were also reported to be resistant to antibiotic members of the cabapenem, 

aminoglycosides and fluoroquinolone during the study necessitating an adroit surveillance study of the fresh fruit cocktails sold in 

public shops. 

 

5. CONCLUSION 

The study revealed that present in some fresh fruit cocktails is a potential pathogen of emerging pathogenic relevance. Not only 

does the strain possess virulent determining factors suspected to be enterocyte infecting phenotypes, multiple antibiotic resistance 

phenotypes were also reported amongst the strains (L. hongkongensis). This is a call to public health interest as neglect possess 

likelihood for spread and wider distribution. The businessmen and investors are also encouraged to ensure adequate application of 

inter-personal hygiene both during transportation and production of such fresh fruit cocktails.  There is need to constantly ensure 

adequate hygiene and sterility of fresh water which is used for the preparation of such fruit product as it serve as a source for 

potential cross-contamination of the commercial product. 
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