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Abstract---Citrobacte freundii one of the important 

foodborne contaminated bacteria in meat and fish, while in Iraq there 

are limited researches about this bacterium, for that, the objectives of 
this study include isolate, diagnosed and molecular characterization 

of Citrobacter freundii in raw meat (beef, mutton) and carp fish 

samples collected from local markets and different butcher’s shop in a 

AL-Rusafa district of Baghdad city. One hundred and fifty samples 

were collected aseptically as 50 samples from each of meats type, 

there were submitted to laboratory examinations, to culture on 
routine bacteriological media as a first step for bacterial diagnosis. 

Bacterial identification done by biochemical test and confirmed by 

Vitek-2 and Molecular assays (polymerase chain reaction (PCR)). 

Result showed there are 23 from 150 samples having Citrobacter 
freundii. Highest C. freundii percentage found in carp samples at 

(36%), flowed by mutton and beef (6%, 4%) respectively. We conclude 
that carp fish represent one of the important sources for bacterial 

foodborne disease where it used as a maine source of proteins and 

minerals in Iraq. 
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Introduction 

  

Meat at all kinds (large animals, poultry and aquatic animals) is one of the most 

valuable and beneficial food sources, where, it consists of protein, amino acids, 

mineral salts, fats, fatty acids, vitamins in addition to carbohydrates (Mansour et 
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al., 2019). Raw meat contributes by 90% to the transmission of pathogens ،which 

responsible of food-borne illness in humans especially bacterial agents due to its 

chemical characteristics leading to expansion of a wide range of microbial 

communities (Bughti et al., 2017; Nagarajan et al., 2018; Rasheed, 2012). 
Typically, meat of healthy animals is sterile; so microbiological quality of any meat 

kinds depends on the health and physical status of the animal. Bacterial 

contamination of raw meat can come from both endogenous and exogenous 

sources, endogenous gets from blood, gastrointestinal contents, feet, hide or skin, 

at the point exogenous contamination of meat carcasses during slaughtering and 

processing is an inevitable process. Through slaughtering procedures dressing, 
evisceration, processing, and storage, hands, clothes of employees, equipment, 

and water used for washing carcasses, as well as dust and air (Sallam et al., 
2021; Uzeh et al., 2021). On the other hand, fish contaminated with bacteria can 

easily come through surrounding environment like water, sediments and feeding 

behavior, also infected during careless handling at landing sites, storage and 

transportation thus leading to lower quality of fish and it related products. Gills 
and skin, as well as , digestive tract and internal organs acting as one of the 

major vehicles for the transmission of pathogenic bacteria (Chatreman et al., 
2020; Sheng & Wang, 2021). C. freundii one of the foodborne pathogens 

associated with several opportunistic infections, such as severe diarrhea, 

pediatric diarrhea, hemorrhagic colitis, and  hemolytic  uremic  syndrome  (HUS), 

urinary tract infections, pneumonia, neonatal meningitis and brain abscesses in 
humans, related infections infants and immunocompromised patients (Bunyan, 

2020; Mohammed & Al-Samarraae, 2021; AL-Nassry, 2011). as well as, its 

responsible of nosocomial outbreaks involving clonal drug-resistant isolates have 

also been observed in healthcare settings (Pletz et al., 2018). Depending on the 

previous researches Citrobacter freundii have medical and economical important 

for that this study aimed to investigate contamination percentage in raw meat 

(beef, mutton, fish) with C.freundii in Al_Rusafa district of Baghdad. 
 

Materials and Methods 

 

Sampling, isolation and identification 

 

A total of 150 samples (50 raw beef, 50 mutton and 50 carp fish) collected 
randomly from butcheries and markets around Al-Rusafa, transported to Meat 

Hygiene laboratory, College of Veterinary Medicine, University of Baghdad. Under 

serial condition chopped meat, pick pieces in 10 gm, also flash muscle of fish. All 

samples socked in Nutrient Broth for bacteria growth at 37°C for 24h. Next 

streaking on Nutrient agar, clear and pure colony cultured on different selective 
media (MacConkey, XLD, EMB and Simmons citrate agar), inoculated at 37 °C for 

24 h, and biochemical test (MacFaddin, 2000).  

 

Identified by Vitek2 

 

Vitality Index of Traditional Environmental Knowledg 2 (Bio Mérieux, France). The 
automated Vitek-2 bacterial identification susceptibility testing system with a 

designed identification card was used in this study for confirmation of suspected 

bacteria. The 64-well card contains 43 colorimetric substrates for phenotypic 

identification of bacterial species (O'Hara & Miller, 2003). 
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Molecular diagnosis 

 

Molecular diagnosis for C. freundii was by Polymerase chain reaction (PCR) used 

to identity of the most common bacteria. Used nutrient broth tube have pure 

colony toke it from nutrient media, were inoculated aerobically at 37°C for 24h 
while shaking. Total genomic DNA of cultivated isolates was extracted following 

the manufacture’s recommendation Presto ™ Mini gDNA Kit (Geneaid, Taiwan). 

Amplification of the 16S rDNA gene was carried out by polymerase chain PCR 

technique using universal primers (Macrogen, Korea) forward 27F (5`-AGA GTT 

TGA TCC TGG CTC AG-3) and reverse primer 1492R (5`-
TACGGTTACCTTGTTACGACTT-3`). The protocol for PCR condition was initial 

denaturation 95°C for 5 min., denaturation 95°C for 30 sec., annealing 60 °C for 

40 sec., extension 72 °C for 1 min., and final extension 72 °C for 7min hold at 

10°C for 10 min (Aris et al., 2013). 

 

Statistical analysis 
 

Detect the effect of difference in study percentage. Chi-square test was used to 

significant compare between percentages in this study (SAS, 2012). 
 

Result 

 
Colony morphology & biochemical test 

 

(Figure 1 & 2) appear morphology of Citrobacter freundii colonies on nutrient agar 

generally 2-4 millimeters in diameter translucent to opaque, smooth, low, convex 

and moist entire edge, on MacConkey bacterial colonies are medium -sized with 

glossy surface pink colonies (lactose ferment). Colonies grown on Xylose lysine 
Deoxycholate (XLD) agar were yellow with an intensive yellow center and a 

surrounding zone of yellow precipitation. On EMB form flat brown colonies of 2-3 

mm in diameter after 24hr incubation. On the other hand, on Simmons citrate 

agar colony change the medium color to blue due to its ability to use citrate as a 

carbon source. Biochemical test of C. freundii it Oxidase (-ve), while it (+ve) 

Catalase. 
 

 
Figure 1-A) C. freundii colonies on Nutrient agar translucent to opaque, smooth, 

convex and moist edge. B) MaCkonkey agar, glossy surface pink colonies. C) 

(XLD) agar yellow center yellow with an intensive 
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Figure 2- A) Simmons citrate agar citrate (+ve) Citrobacter freundii color change to 

blue. B) EMB form flat brown colonies 

 

Vitek 2 compact result 

 

To confirm diagnosis of Citerobacter freundii the result of Vitek-2 was 98% 
identical as shown in (figure 3). 

 

(Figure 3) C. freundii 98% identical diagnosed by Vitek-2. 

 
Molecular result  

 

PCR products were loaded directly. For PCR product, 5μl was directly loaded to 

well. Electrical power was at 100v/mAmp for 75min. DNA moves from Cathode to 

plus Anode poles. The Ethidium bromide-stained bands in gel were visualized 
using Gel imaging system (Figure 4). Sequences and confirmation by Macrogen 
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Corporation, Korea. The results analyzed using geneious software of C. freundii 
data National Center for Biotechnology Information (NCBI) (Figuer 5). 

 

 
Figure 4: Amplified of 16SrRNA gene of Citrobacter freundii fractionated on 1% 

agarose gel electrophoresis stained with Eth., (1500bp), M: (100bp) DNA 

molecular weight marker 

 

 

 
Figure 5: Citrobacter freundii showed 100% alignment with NCBI sequence library 

 

150 samples collected from raw meat types (mutton, beef, carp fish), only 

23(21.33%) contaminated with Citrobacter freundii at significant variation (P< 

0.01),where, the highest percentage (36%) reported in carp fish, at isolation 
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number 18 from 50, followed with mutton and beef contamination ratio were 

3(6%) and 2(4%) respectively (Figur6). From above results notice that there were 

significance variation when compare between meat kinds and contamination   

value under(P< 0.01). 
 

 
Figure 6: Distribution of C. freundii rate according to meat type, fish have the 

highest contamination rate, followed by mutton and beef minimal rate 

 

Discussion 

 

In this study, we isolated Citrobacter freundii from contaminated raw meat and 

fish, were all isolated 23 sample (21.33%) diagnosed successfully. From recent 

results found the highest Citrobacter freundii  contamination percentage (36%) 

reported in carp fish 18 of 50 samples diagnosed. It’s come from bad  
environmental condition, loss of sanitation behavior in local markets all of those 

causes beside internal organs they have bacterial agents their are major vehicles 

for the transmission of bacterial contamination from flesh to consumers (Begum 

et al., 2019; Chatreman et al., 2020; Sheng & Wang, 2021). Citrobacter freundii is 

responsible of skin lesions, hemorrhagic internal organs, and cause systemic 

infection in common carp, able to cause injury and high mortality (Yang et al., 
2021; Pan et al., 2021). 
 

All Citrobacter freundii  in this study isolated from fish flash (muscle), (kumar et 
al., 2015) isolated three species of bacteria Citrobacter freundii  on of them, found 

it in muscle and fins of carp, but (Salgueiro et al., 2020) in his study showed 

Citrobacter freundii (only in muscle samples). While, C. freundii isolated from brain 

of Nile tilapia fish (El Asely et al., 2020) at rate 3.4%. Our study result near from 

(Elsherief et al., 2014) they reported rate of Citrobacter freundii (24%) in fish. 

Didn’t agreement with (Zaky et al., 2017) Citrobacter freundii represented only 7%. 

Also far from (Rawash et al., 2019) study of contamination bacteria in fish C. 
frundii (4%) in Benha city. Locally, our result didn’t agree with (Al-Obaidi & Al-

Dabbagh, 2012) isolated Citrobacter freundii at 3(3.7%), from intestine of C. carpio 

which collected from Tigris river passing through Mosul city, Iraq, (Abid & Al-

Hamdani, 2016) isolated Citrobacter freundii  at rate 6(19.35%) from skin 

ulceration in Sulaimani province, Iraq. (Al-Hisnawi, 2016) identified it in the 

intestinal mucosa and gills of L.  santifrom a  local  river  in  Kerbala  city, Iraq.  

(Hammood & Ibrahim, 2018) fish in Tigris River passing through Shawaka, 
Baghdad showed contaminated with C.freundii at 8%, also don’t match result of 

36%

%4
6%

Citrobacter freundii  percentage

Fish

Beef

Mutton
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(Haider et al., 2019) C. freundii was(8.5%) isolated from skin, gills and intestines 

of common carp in Babylon province. Closer to (Jassim et al., 2019) C. freundii 
was 19 (29.23%) isolated from the gills and intestine in Basrah Province, Iraq. 

 

Mutton sample are 3 of 50 contaminated with Citrobacter freundii  (6%) 
percentage in this study which its far from (Mohammed, 2006) in Khartoum, he 
found Citrobacter spp at 25.1% came from intestine during the preparing of 

carcass Where, far accordance with (Sharma et al., 2015), they assessed bacterial 

contamination of raw mutton Citrobactor Spp at (44%), samples collected from 

open markets of the city of Kolkata, almost near from (Mohammed, 2015) study in 

Khartoum, it was 8(10.81%) Citrobacter freundii  from retail meat Market. Also 

didn’t match to study of (Mansour et al., 2019) percentage of Citrobacter spp., 
(20%) isolated from sheep meat in Benghazi market. (Uzeh et al., 2021) in Nigeria, 

Citrobacter freundii isolated near in isolated number (5) but far from percentage 
its (25%).  

 

Finally, depending on the statistical analysis in this study found only 2 of 50 beef 

samples have Citrobacter freundii  at (4%). Locally, didn’t agree with (Al-Iedani  

etal., 2015) in Al-Basrah C. freundii isolate was 15 from 27 muscular tissue with 

percent at 55.5%, while Al-Shammary et al., 2015 C .freundii was 1(2.3%) isolated 

from vealmincemeat (beef minced meat) in Baghdad, but closer from (Hadi & 
Jabbar, 2020) recorded C. freundii 1(3.2%) collected beef meat and beef product. 

This result didn’t match with (Mboto et al., 2012) C. freundii was (13.9%) isolated 

from fresh meats sold in Nigeria. Match (Nossair et al., 2015) 2(4%) from cattle 

meat in Behera province,  Egypt. Didn’t agreed with (Milhem et al., 2016), 

determined the prevalence C. freundii in beef samples with contamination ratio 

(1.7%) in Syria. (Sallam et al., 2020) reported opposite  to our study bacteria 

isolated from thigh beef surface were Citrobacter spp., (25%). 

 

Conclusion 
 

Carp fish represent one of the important sources for bacterial foodborne disease 

caused by Citrobacter freundii  where it used as a maine source of proteins and 

minerals in Baghdad. 

 

References  
 

Adinortey, C. A., Aheto, D. W., Boateng, A. A., & Agbeko, R. (2020). Multiple 

Antibiotic Resistance-Coliform Bacteria in Some Selected Fish Farms of the 

Central Region of Ghana. Scientifica, 2020 . 

Al-Daraghi, W. A. H., & AL-Behadili, M. K. K. (2020). Detection of Quorum 
Sensing Signal Molecules and Identification of espB and Crt4 genes among 

Biofilm Forming of Citrobacter freundii. Prof. RK Sharma, 14(2), 263 . 

Al-Haider, S. M., Al-Niaeem, K. S., & Resen, A. K. (2019, November). Isolation of 

Citrobacter species from common carp, Cyprinus carpio cultivated in floating 

cages at Al-Hilla river, Babylon province. In IOP Conference Series: Earth and 

Environmental Science (Vol. 388, No. 1, p. 012036). IOP Publishing. 
Al-Iedani, A. A., Mustafa, J. Y., & Hadi, N. S. (2015). Comparison of techniques 

used in isolation and identification of salmonella spp. and related genera from 

https://context.reverso.net/%D8%A7%D9%84%D8%AA%D8%B1%D8%AC%D9%85%D8%A9/%D8%A7%D9%84%D8%A5%D9%86%D8%AC%D9%84%D9%8A%D8%B2%D9%8A%D8%A9-%D8%A7%D9%84%D8%B9%D8%B1%D8%A8%D9%8A%D8%A9/opposite


 

 

1489 

raw meat and abattoir environment of Basrah. International Journal for 

Sciences and Technology, 143(3101), 1-7 . 

Al-Musawi, M. L., Hussein, S. B., Hassan, Z. A. A., Hamd, M. T., & Jasim, R. I. 
(2021). Microbial contamination in imported fish feed to Iraq. In Journal of 

Physics: Conference Series (Vol. 1999, No. 1, p. 012026). IOP Publishing . 

AL-Nassry, B. S. (2011). Isolation and Identification of bacterial isolates from ear 

infection and their sensitivity to usual antibiotics in human and dogs. The 

Iraqi Journal of Veterinary Medicine, 35(1), 159-166.  

Aly, S. M., Nouh, W. G., & Salem-Bekhit, M. M. (2012). Bacteriological and 
histopathological studies on Enterobacteriaceae in Nile Tilapia, Oreochromis 

niloticus. Journal of Pharmaceutical and Biomedical Sciences, 2(7), 94-104 

Anas, M., Ahmad, S., & Malik, A. (2019). Microbial escalation in meat and meat 

products and its consequences. In Health and safety aspects of food processing 

technologies (pp. 29-49). Springer, Cham. 
Aris, M., Sukenda, S., Harris, E., & Sukadi, M. F. (2013). Molecular identification 

of pathogenic bacteria and PCR specific primer design. e-Journal BUDIDAYA 

PERAIRAN, 1(3 .) 

Aryani, L. N. A., & Lesmana, C. B. J. (2019). Neuropsychiatric factor and 

polymorphism gene in internet addiction. International Journal of Health & 
Medical Sciences, 2(1), 39-44. https://doi.org/10.31295/ijhms.v2n1.90  

Ashraf, S. A., Adnan, M., Patel, M., Siddiqui, A. J., Sachidanandan, M., Snoussi, 
M., & Hadi, S. (2020). Fish-based bioactives as potent nutraceuticals: 

Exploring the therapeutic perspective of sustainable food from the sea. Marine 

drugs, 18(5), 265 . 

Begum, S., Salauddin, M., Hossain, M. K., & Begum, M. D. (2019). Antibiogram 

study of bacterial pathogen from tilapia fish in Bangladesh. Turkish Journal of 
Agriculture-Food Science and Technology, 7(4), 658-664 . 

Bughti, A., Abro, S. H., Kamboh, A. A., Leghari, R. A., Kumar, C., & Koondhar, S. 

A. (2017). Bacterial contamination of raw meat and butchers’ equipment in 

retail shops in Tando-Allahyar. Pakistan. J. Anim. Health Prod, 5(3), 115-119 . 

Bunyan, I. A. (2020). Molecular Study of Some Virulence Factors and 

Antimicrobial Susceptibility Pattern of Citrobacter frundii Isolated from Human 
Diarrhea. Systematic Reviews in Pharmacy, 11(4), 195-201 . 

Chatreman, N., Seecharran, D., & Ansari, A. A. (2020). Prevalence and 

distribution of pathogenic bacteria found in fish and fishery products: A 

review. 

Elsherief, M. F., Mousa, M. M., El-Galil, H. A., & El-Bahy, E. F. (2014). 
Enterobacteriaceae Associated with Farm Fish and Retailed Ones. Alexandria 

Journal for Veterinary Sciences, 42(1 .) 

Gufe, C., Canaan Hodobo, T., Mbonjani, B., Majonga, O., Marumure, J., Musari, 

S., & Machakwa, J. (2019). Antimicrobial profiling of bacteria isolated from fish 

sold at informal market in Mufakose, Zimbabwe. International journal of 

microbiology, 2019 . 
Hassen, B., Jouini, A., Elbour, M., Hamrouni, S., & Maaroufi, A. (2020). Detection 

of Extended-Spectrum β-Lactamases (ESBL) Producing Enterobacteriaceae 

from Fish Trapped in the Lagoon Area of Bizerte, Tunisia. BioMed Research 

International, 2020  .  

Ibrahim, I. A., & Hammood, N. W. (2018). Bacterial content in gut for different 
species of fish collecting from Tigris river in Baghdad city, Iraq. Tikrit Journal 

of Pure Science, 23(3), 33-37 . 

https://doi.org/10.31295/ijhms.v2n1.90


         1490 

Jia, K., Yang, N., Zhang, X., Cai, R., Zhang, Y., Tian, J. & Wang, G. (2020). 

Genomic, Morphological and Functional Characterization of Virulent 

Bacteriophage IME-JL8 Targeting Citrobacter freundii. Frontiers in 

microbiology, 11, 2967 . 
Kumar, R., Swaminathan, T. R., Kumar, R. G., Dharmaratnam, A., Basheer, V. S., 

& Jena, J. K. (2015). Mass mortality in ornamental fish, Cyprinus carpio koi 

caused by a bacterial pathogen, Proteus hauseri. Acta tropica, 149, 128-134 . 

 Kwasek, K., Thorne-Lyman, A. L., & Phillips, M. (2020). Can human nutrition be 

improved through better fish feeding practices? a review paper. Critical 

Reviews in Food Science and Nutrition, 60(22), 3822-3835 . 
Liu, H., Zhao, Z., Xue, Y., Ding, K., & Xue, Q. (2018). Fatal cases of Citrobacter 

freundii septicemia and encephalitis in sheep. Journal of Veterinary Diagnostic 

Investigation, 30(2), 245-248 . 

MacFaddin, J. F. (2000). Biochemical tests for identification of medical bacteria. 

Mahmood, A. E., & Atyah, A. A. (2021). Determination of some virulence factors of 
Citrobacter freundii isolated from Iraqi patients. Iraqi Journal of Science, 

3358-3365 . 

Mansour, A. M. A., Ishlak, A. M. M., & Haj-Saeed, B. A. (2019). Evaluation of 

bacterial contamination on local and imported mutton in meat markets in 

Benghazi-Libya. International Journal of Agricultural Science, 4. 

Mohammed, R. J., & Al-Samarraae, I. A. A. (2021). Investigating the Effect of 
Three Antigens of Citrobacter freundii on Rabbit’s Immune Response. The Iraqi 

Journal of Veterinary Medicine, 45(1), 56-62 . 

Mohammed, S, A. (2015). Enterobacte aristae Contamination oF Sheep Livers at 

the Abattoirs and Retali Sales (Doctoral dissertation, UOFK.) 

Mohammed, W. I. A. (2006). Bacterial Load In Fresh And Chilled Mutton Intended 
For Export (Doctoral dissertation, University of Khartoum.) 

Nossair, M. A., Khaled, K., El Shabasy, N. A., & Samaha, I. A. (2015). Detection of 

Some Enteric Pathogens in Retailed Meat. Alexandria Journal for Veterinary 

Sciences, 44(1 .) 

O'Hara, C. M., & Miller, J. M. (2003). Evaluation of the Vitek 2 ID-GNB assay for 

identification of members of the family Enterobacteriaceae and other 
nonenteric gram-negative bacilli and comparison with the Vitek GNI+ card. 

Journal of clinical microbiology, 41(5), 2096-2101. 

Pan, L., Yang, Y., Peng, Y., Li, D., Khan, T. A., Chen, P., & Yi, G. (2021). The novel 

pathogenic Citrobacter freundii (CFC202) isolated from diseased crucian carp 

(Carassius auratus) and its ghost vaccine as a new prophylactic strategy 
against infection. Aquaculture, 533, 736190 . 

Pletz, M. W., Wollny, A., Dobermann, U. H., Rödel, J., Neubauer, S., Stein, C., ... 

& Maschmann, J. (2018). A nosocomial foodborne outbreak of a VIM 

carbapenemase-expressing Citrobacter freundii. Clinical Infectious Diseases, 

67(1), 58-64 . 

Rasheed, K. A. (2012). Effect of magnetized water in blood picture of common carp 
Cyprinus carpio infected with Aeromones hydrophila. Iraqi Journal of 

Veterinary Medicine, 36(2), 75-82.  

Rawash, R., Saad, S. M., Hassanin, F. S., Hassan, M. A., & Maarouf, A. (2019). 

Incidence of Enterobacteriaceae in some freshwater fishes. Benha Veterinary 

Medical Journal, 37(1), 64-68 . 



 

 

1491 

Salgueiro, V., Manageiro, V., Bandarra, N. M., Reis, L., Ferreira, E., & Caniça, M. 

(2020). Bacterial Diversity and Antibiotic Susceptibility of Sparus aurata from 

Aquaculture. Microorganisms, 8(9), 1343 . 
Sallam, K. I., Abd-Elghany, S. M., Hussein, M. A., Imre, K., Morar, A., Morshdy, 

A. E., & Sayed-Ahmed, M. Z. (2020). Microbial decontamination of beef carcass 

surfaces by lactic acid, acetic acid, and trisodium phosphate sprays. BioMed 

Research International, 2020 . 

SAS. (2012). Statistical Analysis System, User's Guide. Statistical.  Version 9.1th 

ed. SAS. Inst. Inc. Cary. N.C. USA . 
Sheng, L., & Wang, L. (2021). The microbial safety of fish and fish products: 

Recent advances in understanding its significance, contamination sources, and 

control strategies. Comprehensive Reviews in Food Science and Food Safety, 

20(1), 738-786 . 

Sun, L., Sun, Y., Jiang, M., Luo, L., Yu, X., Yao, W., & Wu, Z. (2020). Isolation, 
identification and pathogenicity of Proteus vulgaris from moribund common 

carp (Cyprinus carpio) farmed in China. Aquaculture, 525, 735294 . 

Suryasa, I. W., Rodríguez-Gámez, M., & Koldoris, T. (2021). Health and treatment 

of diabetes mellitus. International Journal of Health Sciences, 5(1), i-v. 

https://doi.org/10.53730/ijhs.v5n1.2864  

Uzeh, R. E., Adewumi, F., & Odumosu, B. T. (2021). Antibiotic resistance and 
plasmid analysis of Enterobacteriaceae isolated from retail meat in Lagos 

Nigeria. One Health Outlook, 3(1), 1-6 . 

Yang, J., Tian, T., Xiao, K., Zeng, Q., Tan, C., & Du, H. (2021). Pathogenic 

infection and immune-related gene expression of Chinese sturgeon (Acipenser 

sinensis) challenged by Citrobacter freundii. Developmental & Comparative 

Immunology, 114, 103872 . 
Zaky, M. M., & Ibrahim, M. E. (2017). Screening of bacterial and fungal biota 

associated with Oreochromis niloticus in Lake Manzala and its impact on 

human health. Health, 9(04), 697. 

https://doi.org/10.53730/ijhs.v5n1.2864

