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Abstract 

     At the Romanian reference centre, routine characterization of Listeria monocytogenes isolates 
consists of: serotyping usingin-housemade reagents, describing adherence ability to HEp-2 cells and 
testing for eight virulence factors. We studied 22 L. monocytogenesisolates from 20 patientswith 
invasive listeriosis. The isolates were cultured from hospitalized patients in five regions of south-eastern 
Romaniafrom March 2010 to November 2012. NineteenListeria monocytogenesfood isolates originating 
from meat and dairy productswere included for comparison, collected in Romania between 2009 and 
2012. Of the human isolates, 15 had been sent to the reference centre routinely; seven isolates were 
solicited actively in this catchment area. The 15 passively received human isolates and the 19 food 
isolates were tested for adherence to HEp-2 cells and for virulence factors; all but three human isolates 
and four food isolates exhibited ability to adhere. We were unable to correlate adhesion patterns to 
virulence. Fifteen of 19 food isolates but none of the human isolates were lipolytic. At the Austrian 
reference centre, 14 of the 41 (34.1%) isolates yielded PCR serotyping results discordant from those 
gained in Romania. While in most European countries listeriosis is primarily a disease of the elderly 
(≥65 years old) and of risk groups, more than half of our Romanian patients were less than 65 years old 
and eleven (79%) of 14 Romanian patients (other than the elderly and pregnant women) were without 
any known underlying disease. These findings point towards the occurrence of food products 
contaminated with high loads of Listeria monocytogenes.Pulsed-field gel electrophoresis revealed three 
tripletclustersamong human isolates, a finding which raises the suspicion of outbreaks of listeriosis in 
Romania. 

Introduction 

Listeria monocytogenes is thecausative agent oflisteriosis, a foodborne diseasewith a 
serious impact on health of risk groups likethe elderly, the immuncompromisedand 
newborns[1, 2]. Invasive listeriosis can manifest as meningitis, rhombencephalitis, septicemia 
or abortion, showing a high casefatality rate of up to 30% [3, 4]. In recent years, an increasing 
rate of listeriosis has been reported in several European countries[5].Little is known about the 
prevalence of invasive listeriosis in Romania.In 2009, Romaniareported cases of human 
listeriosisto the European centre for disease prevention and control (ECDC)for the first time; 
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the six casesreported for 2009 and 2010 yielded incidences of 0.03/100,000 inhabitants, 
significantly lower than the mean value of 0.38/100,000 reported for the EU[5]. For 2011, 
Romania reported nine cases, accounting for an incidence of 0.04 per 100,000 inhabitants. [6]. 
In 2012, eleven cases were reported (unpublished data). At the Romanian reference centre, 
routine characterization of L. monocytogenes isolates consists of serotyping, of testing the 
adherence ability using HEp-2 cells and oftesting foreightvirulence factors. The aim of our 
study was tocharacterizeRomanian L. monocytogenes isolates by methods routinely employed 
at the Romanian reference centre and use subtyping tools from the Austrian reference centre, 
i.e.PCR serotyping and pulsed-field gel electrophoresis(PFGE) analysis. 

Materials and Methods 

Bacterial human isolates: 

A total of 22 human Listeria monocytogenesisolates, including isolate-pairs from 
cerebrospinal fluid (CSF) - and blood-cultures (BC) from two patients and one 
mother/childpair, of 20 patients with invasive listeriosis were cultured from hospitalized 
patients and tested in eight laboratories in five regions in south-eastern Romaniafrom March 
2010 to November 2012. Fifteen isolates had been routinely sent to the reference centre, 
seven isolates were solicited actively by contacting all routine laboratories in this catchment 
area.The 20 patients (including one mother and her stillborn child, and another mother 
experiencing abortion [no isolate available for the fetus])ranged in age from 0 to 80 years 
(mean: 47.1; median: 49.0) and 12 (60%) were female. For two patients, pairs of isolates 
(isolates from CSF and BC) were provided; two further isolates constituted a mother/child 
pair. Three patients had meningoencephalitis, threesepticemia, two meningoencephalitis plus 
septicemia and eleven meningitis. Three patient isolates (from two mothers and one child) 
were pregnancy associated.  

Of the 22 isolates, sixteen were grown from CSF, five from BC and one from a 
placental swab. Isolates were stored at -80°C until testing at the national reference centre at 
the national institute for research and development in microbiology and immunology 
(NIRDMI) “Cantacuzino”zoonosis laboratory in Bucharest before transfer to the Austrian 
reference centre at the Austrian agency for health and food safety in Vienna. 

Food isolates: 
 

Nineteen Listeria monocytogenes food isolates, collected in Romania between 2009 and 
2012 from meat and dairy products, were studied. Food isolates originated from raw minced 
meat (mixed pork/beef (n=4);from 4different manufacturers), pork (n=1), beef (n=1), smoked 
bacon from two manufacturers (n=2), chicken roulade (n=1), chicken frankfurter (n=1), 
forcemeat balls (a traditional Romanian dish of ground meat to be grilled)from 4 
manufacturers (n=4), raw sausage(n=1), boiled shell snails (n=1), sheep cheese (n=1), 
Gorgonzola cheese (n=1) and cold cut sausage (n=1). 
 
Characterization of Listeria monocytogenesisolates in Romania: 

Serotyping: 
 

L. monocytogenesisolates were serotyped at the Romanian reference centreby a slide 
agglutination test using inhouse preparedrabbit sera.  
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Characterization of bacterial adherence to HEp-2 cells 
 

Adherence tests were performed at the Romanian reference centre using HEp-2 
cellsATCC CCL-23 (American Type Culture Collection, Manassas, USA) as described by 
Craviotoet al. [7]. In brief, cells are cultured in Eagle minimum essential medium (EMEM) 
(Irvine Scientific, Santa Anna, CA), supplemented with 10% bovine fetal serum (Invitrogen 
Life Technologies, Carlsbad, CA). HEp-2 cellsare grown to 70-80% of the total well-area 
asconfluent monolayers in tissue culture plates. The cell monolayersare washed 3 times with 
phosphate buffered saline (PBS) (Thermo Scientific, Waltham, MA) and 1 mL of fresh 
mediumis addedto each well. Each well was inoculated with 1 mL mid-logarithmic phase 
cultures in nutrient broth of the test strain grown for four hours (i.e. inoculum approx. 108 
CFU/mL). After incubation for 2h at 37°C, the cells are washed three times with PBS, fixed 
with 70% methanol (Sigma Chemical Company, St. Louis, MO) for 3 min, and stained with 
10% Giemsa (Merck, Darmstadt,Germany) solution for 20 min. The plates are washed, dried 
at room temperature overnightand examined by light microscopy (x2500). Adherence patterns 
and the percentage of cells with adherent bacteriaare recorded.L. monocytogenes can exhibit 
three distinct adherence patterns to HEp-2 cells, i.e.: localized adherence, in which bacteria 
form characteristic micro-colonies adherentto the surface of the host cell; diffuse adherence, 
in which L. monocytogenes adheres uniformly to the whole surface of the eukaryotic cell; and 
aggregative adherence, in which large bacterial aggregates are found both on the host cell 
surface and between them in a compact mass appearance. Intermediatepatterns, i.e. 
aggregative-localized and diffuse-aggregative patterns can occur. 
 
Characterization of virulence factors 
 

Detection of enhancement of hemolysiswas performed by Christie,Atkins,Munch 
andPetersen (CAMP)test as recommended in the ISO andthe association of official analytical 
chemists(AOAC)protocols[8]. 

Detection of lecithinase and lipase activity was performed by spotting isolates onto 
2.5% yolk agar and onto 1% Tween-80 agar (both mediaprepared in house). A clearing zone 
surrounding the growth area after 72h incubation at 37ºC was considered a positive reaction 
for lecithinase activity, and an opaque (precipitation) area a positive reaction for lipase 
activity. 

Detection of caseinase and gelatinase activity was performed by spotting isolates onto 
agar plates with 15% soluble casein (medium prepared in house), or gelatineplatesat 1% final 
concentration(medium prepared in house). After incubation at 37°C for 72h, proteolytic 
activity is reflected by an opaque (precipitation) area in case of caseinase production and a 
transparent zone around the culture in case of gelatinase production. 

Detection of amylase activity was performed by spotting isolates onto agar with 1% 
starch as substrate (medium prepared in house). After 72h incubation at 37°C, the starch 
hydrolysis appears as a precipitation zone surrounding the culture spot. 

Detection of DNase production was performed by spotting isolates onto DNA agar 
medium (medium prepared in house). After incubation for 24h at 37°C, a drop of HCl 1N 
solution was added to each spotted culture and the reactions were examined. A clearing area 
surrounding the culture spot area is considered a positive reaction. 

Detection of esculinase activity was performed by spotting isolates onto agar plates 
with 1% esculin (medium prepared in house), followed by incubation for 18h at 36±2°C in an 
ambient atmosphere.  Esculin hydrolysis results in black coloration of the medium. 
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Characterization of RomanianListeria monocytogenesisolates in Austria: 
 

At the Austrian reference centre for Listeria in Vienna, Austria, species diagnosis was 
confirmed using API-Listeria (bioMérieux, Marcy l'Etoile, France) and mass spectrometry 
(MALDI-TOF Biotyper; BrukerDaltonics, Bremen, Germany). All isolates were serotyped by 
multiplex PCR as described by Doumithet al.[9] and subtyped by HRM-PCR-Analysis [10] 
and by pulsed-field gel electrophoresis[11].High resolution melting curve-PCR (HRM-PCR) 
analysis was performed as described by Pietzkaet al.[10]: Briefly, genomic bacterial DNA 
(gDNA) is extracted from bacterial cells grown overnight at 37°C on blood agar (bioMérieux, 
Marcy l'Etoile, France) using the QuickExtract™ DNA extraction solution (Epicentre 
Biotechnologies, Madison, U.S.A) according to the manufacturer's instructions. Purified 
gDNA is quantified spectrophotometrically at 260 nm and the gDNA quality assessed by the 
260/280 ratio method[12]. A 500-bp fragment located in the virulence gene internalin B (inlB) 
is amplified for subsequent HRM analysis using the forward primer inlB-forward (5′-
CATGGGAGAGTAACCCAACC-3′) and the reverse primer inlB-reverse (5′-
GCGGTAACCCCTTTGTCATA-3′) [13]. 

PFGE is performed according to the standardized PulseNet protocol for molecular 
subtyping of L. monocytogenes by pulsed-field gel electrophoresis (PFGE)[11]. Clusters were 
defined as two or more isolates which exhibit an indistinguishable PFGE pattern in both 
enzymes.GelswerephotographedunderUV-transilluminationusing a 
GelDoc2000documentationsystem (Bio-Rad, Vienna, Austria) andpatternswere analyzed 
usingBionumericssoftware 6.6(AppliedMaths, Sint-Martems-Latem, Belgium)and the 
following settings: 0.5% optimization, 0.8 position tolerance, Dice similarity coefficient. 

 
Results 
 

Mortality amongthe 20 patients was 35%, i.e.seven fatal outcomes including one 
stillbirth, not counting one abortion). Underlying diseases and other classical risk factors for 
listeriosis (high age, pregnancy relation) were documented for 9 of 20 patients.Threecases 
were pregnancy associated,one resulting in spontaneous abortion (isolate available only for 
the mother) and another in stillbirth. Four patients were ≥ 65 years (y) old (2 female). One 
malepatient (52y) suffered fromchronic hepatitis B.Onemale patient (51y) suffered 
fromcirrhosis anda pituitary tumor. In the remainingelevencases (eight females), the mean age 
was 42 (median 40; range from 16 to 60). The deceased ranged in age from 0years to 80 years 
(median: 45.0; mean: 45.6). Elevenof the 17 non-pregnancyrelated cases (eight females) 
lacked any classical risk factor for listeriosis. 

Characterization of bacterial adherence to HEp-2 cells 
 

Fifteen out of 22 human isolates and all food isolates were characterized for bacterial 
adherence to HEp-2 cells (Fig. 1) 

 

 
a    b    c 

 



 
Characterization of  Romanian Listeria monocytogenes isolates from food and humans 

Romanian Biotechnological Letters, Vol. 19, No. 3, 2014                                                 9323 

Figure 1: a. Diffuse adherence (Isolate C8) – bacteria are spread over the entire surface of the host cells; b. 
Aggregative adherence (Isolate F10) - bacteria adhere both to the cells surface and between them in a stacked 
brick appearance;c. Localized adherence (Isolate F6) – characteristic micro-colonies on HEp-2 cell surfaces 
(Giemsa stain, magnification times 2500) 

Twentypercent of human isolates tested failed to show adherence, as did 21% of food 
isolates.Three human isolatesshowed lack of adherence (Table 1). The remaining twelve 
human isolates exhibited two adherence patterns at various levels: localized 
aggregative(graded as3% to 20%) and diffuse (graded as5% to 95%).All isolates which 
showed diffuse adherence originated from CSF and belonged to the serovar 4b. The tested 
isolates from BC exhibited either no adherence (n=1, serovar 1/2a, 3a) or a localized 
aggregative adherence pattern (n=1, serovar 4b, 4d, 4e; n=1,serovar 1/2a, 3a). Two CSF 
isolates (both of serovar 1/2a,3a) demonstrated no adherence in vitro.  
  
Table1.Summarized results of 22 human isolates (including two isolate-pairs from two patients and one 
mother/childpair). C: human isolates; C12a, C12b: mother/child pair; C6/C7: CSF/blood isolatepair; C8/ C9: 
CSF/blood isolatepair; InlB ST: Internalin B sequence type; h: hemolysin; e: esculinase; c: caseinase; li: lipase; 
nd: not done; CSF: cerebrospinal fluid; **: pregnancy associated; +/-: weak activity. 

ID-No. Investigation performed in 
Austria 

Investigation performed in Romania Specimen 

HRM-PCR 
(InlB ST) 

Serotyping 
by Multiplex 
PCR 

Serotyping 
by in house 
agglutination 

Adherencepattern 
(percentage of bacterial 
cells adhering) 

Virulence 
factors 

C1 ST-2 4b, 4d, 4e 4b nd nd CSF 
C2 ST-16 1/2c, 3c 1a nd nd CSF 
C3 ST-2 4b, 4d, 4e 1a nd nd CSF 
C4 ST-15 1/2a, 3a 1a nd nd CSF 
C5 ST-2 4b, 4d, 4e 4b localized aggregative 20% h, e, c blood** 
C6 ST-30 1/2a, 3a 1a diffuse 83% h, e, c CSF 
C7 ST-30 1/2a, 3a 1a no adherence h, e, c blood 
C8 ST-9 1/2a, 3a 1a diffuse 95% h, e, c CSF 
C9 ST-9 1/2a, 3a 1a localized aggregative 20% h, e, c blood 
C10 ST-2 4b, 4d, 4e 4b nd nd CSF 
C11 ST-1 4b, 4d, 4e 1a localized aggregative 8% h, e, c CSF 
C12a ST-15 1/2a, 3a 1a nd nd blood** 
C12b ST-15 1/2a, 3a 1a nd nd placental swab** 
C13 ST-15 1/2a, 3a 1a diffuse22% h, e, c CSF 
C14 ST-15 1/2a, 3a 1a no adherence h, e, c CSF 
C15 ST-1 4b, 4d, 4e 4b localized aggregative 5% h, e, c blood 
C16 ST-8 1/2a, 3a 1a localized aggregative 10% h, e, c CSF 
C17 ST-2 4b, 4d, 4e 1a no adherence h, e, c CSF 
C18 ST-1 4b, 4d, 4e 1a diffuse20% h, e, c CSF 
C19 ST-1 4b, 4d, 4e 1a diffuse 5% h, e, c CSF 
C20 ST-8 1/2a, 3a 1a localized aggregative 3% h, e, c CSF 
C21 ST-2 4b, 4d, 4e 1a diffuse20% h, e, c CSF 

 
The adherence patterns of the food isolates were more diverse:diffuse (n=5; graded as 

3% to 35%), aggregative(n=1, graded as 85%), localized (n=1, graded as 87%), diffuse 
aggregative (n=2, graded from 80 to 83%), localized aggregative (n=3, graded from 6% to 
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22%), and localized diffuse (n=3, graded from 20% to 80%). Four food isolates lacked 
adherence (Table 2). There was no concordance of adherence patterns found among the 
epidemiologically related isolates C6/C7 and C8/C9. 
 
Table 2. Summarized results of 19 food isolates of L. monocytogenes. F: food isolates; InlB ST: Internalin B 
sequence type; h: hemolysin; e: esculinase; c: caseinase; li: lipase; nd: not done; +/-: weak activity. 

ID-No. Investigation performed in 
Austria 

Investigation performed in Romania Specimen 

HRM-PCR 
(InlB ST) 

Serotyping 
by multiplex 
PCR 

Serotyping 
by in house 
agglutination 

Adherence-pattern 
(percentage of bacterial 
cells showing the 
respective pattern) 

Virulence 
factors 

F1 ST-7 1/2a, 3a 1a diffuse 35% h, li, e, c forcemeat 
balls(producer #1) 

F2 ST-15 1/2a, 3a 1a localized diffuse 80% h, li, e, c raw minced meat 
(producer #1) 

F3 ST-7 1/2a, 3a 1a localized diffuse 20% h, li, e, c+/- raw minced meat 
(producer #2) 

F4 no sequence 4a/4c 4b no adherence li, e, c forcemeat 
balls(producer #2) 

F5 ST-19 1/2a, 3a 1a diffuse 3% h, e, c Gorgonzola cheese 
F6 ST-15 1/2a, 3a 1a localized 87% h, li, e, c pork 
F7 no sequence 4a/4c  4b no adherence li, e, c forcemeat 

balls(producer #3) 
F8 ST-14 1/2b, 3b, 7 1a no adherence h, li, e, c+/- beef 
F9 ST-7 1/2a, 3a 1a localized aggregative 6% h, li, e, c+/- smoked bacon 

(producer #1) 
F10 ST-13 1/2a, 3a 1a aggregative 85% h, li, e, c smoked bacon 

(producer #2) 
F11 ST-15 1/2a, 3a 1a diffuse 10% h, li, e, c chicken roulade 
F12 ST-5 1/2b, 3b, 7 1a diffuse 3% h, e, c chicken frankfurters 
F13 ST-16 1/2c, 3c 1a localized diffuse 25% h, li, e, c forcemeat 

balls(producer #4) 
F14 ST-1 4b, 4d, 4e 1a no adherence h, e, c+/- sheep cheese  
F15 ST-11 1/2a, 3a 1a diffuse 18% h, li, e, c boiled shell snails 
F16 ST-11 1/2a, 3a 1a localized aggregative 20% h, e, c raw sausage 
F17 ST-12 1/2a, 3a 1a diffuse aggregative 83% h, li, e, c raw minced meat 

(producer #3) 
F18 ST-15 1/2a, 3a 1a diffuse aggregative 80% h, li, e, c raw minced meat 

(producer #4) 
F19 ST-16 1/2c, 3c 1a localized aggregative 22% h, li, e, c sausages 

 
 
Characterization of virulence factors 
 

The 15 human isolates tested for the production of eight virulence factorsand all of the 
19 food isolates exhibited hemolytic activity, produced esculinase and showed caseinase 
activity; 15 of the 19 food isolates were also lipolytic. None of the isolates tested produced 
lecithinase, gelatinase, DNase or amylase.  
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Serotyping 
 

Multiplex PCR classified the 22 human isolates asserovars"1/2a, 3a" (n=11), "1/2c, 3c" 
(n=1), and as"4b, 4d, 4e" (n=10) (Table 1).The 19 food isolates belonged to serovar 1/2a, 3a 
(n=12), 1/2b, 3b, 7 (n=2), 1/2c, 3c (n=2), 4a, 4c (n=2) and 4b, 4d, 4e (n=1) (Table 2). For 14 
of the 38 (36.84%) initial isolates multiplex PCR serotyping gave results discordant to those 
of in houseserotyping. Twelve isolates were serotyped as serovar 1a and two as serovar 4b by 
in house method, whereas the multiplex PCR classified them as other serotypes. The isolate 
pairs of the two patients with CSF and BC isolates showed congruent serovars when tested 
with both typing methods. 

HRM-PCR Analysis  

HRM-PCR analysis of 41 isolates revealed that the five multiplex PCR serotypes 
showed 14 distinct internalin B (InlB) sequence types (STs) (Tables 1and 2). The twenty-
three investigated isolates of serotype 1/2a, 3a displayed nine distinct InlB sequence type 
(STs); the two isolates of serotype 1/2b, 3b, 7 showed two InlB STs, the three 1/2c, 3c-
isolates yielded one InlB ST. The eleven isolates of serotype 4b, 4d, 4e, displayed two InlB 
STs. The two food isolates identified by multiplex PCR as of serotype 4a/4c lacked the 
specific sequence for InlB.The most common STs in 41 tested isolates were ST15 (n=8), ST2 
(n=6) and ST1 (n= 5). 

Pulsed-field gel electrophoresis 

The two CSF and BC isolatepairs were correctly clustered together, as was the 
mother/childpair. Results of DNA fingerprinting of the 41 isolates (includingthe two 
CSF/BCpairs andthemother/childpair)are displayed in Figure2. 
 

One food isolate (F4) did not give anApaI restriction endonuclease digestion pattern.  

A total of ten clusters were detected by PFGE. Three triplet clusters included human 
isolates solely (n=9), two clusters included the respective CDF/BCpairs (n=4), three 
duoclusters included food isolates only (n=6) and two clusters (one triplet and one quartet, the 
latter including the mother/childpair) included human and food isolates (n=7). 
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Figure2.PFGE patterns for AscI and ApaI of 41 L. monocytogeneshuman(“C”) and food (“F”) isolates. For 
dendrogram construction the UPGMA algorithm was used.ID-A: ID.-No. Austria; ID-R: ID.-No. Romania; InlB-
ST: Internalin B-sequence type. 
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Discussions 

L. monocytogenes can cause listeriosis, a rare but seriousinfection, which showsa 
highcase-fatality ratio[1-4]. A lethality of 35% observed for our Romanian patients, 
underlines the public health significance of this foodborne illness.  

Serotyping was the first subtyping method developed for L. monocytogenes [14]. In 
epidemiological investigations, bacterial serotyping usually is unable to estimate the 
relatedness of different isolates, as invasive listeriosis is caused mostly by serotypes 1/2a, 
1/2b and 4b strains. Serotyping of L. monocytogenes therefore has only limited practical value 
for investigating chains of transmission. Furthermore, there are no standardized protocols for 
preparing rabbit sera. Most reference laboratories today rely on a PCRbased serotyping 
method, developed by Doumith et al.[9].Their multiplex PCR divides L. monocytogenes 
isolates into four groups employing primers annealing to Listeria genus specific prs and genes 
specific to serotype-associated phylogenetic lineages of L. monocytogenes; this method can 
differentiate between strains of serotypes"1/2a, 3a", "1/2c,3 c", "1/2b, 3b" and the 
serotypes"4b, 4d, 4e"[9]. Our study revealed a high rate of discordant results between data 
obtained by classical serotyping and multiplex PCR. For 34.1% of the 41 isolates (36.8% of 
the initial isolates)multiplex PCR serotyping gave results discordant to those of classical 
serotyping as used in Romania. 

At the Romanian reference centre, testing of bacterial adhesion to HEp-2 cells is used as 
a parameter to assess virulence of L. monocytogenesisolates [15-17]. In our study, we were 
unable to correlate adhesion patterns to virulence: neither fatal outcome nor source of isolates 
(human versus food) correlated with the adherence patterns. There was even no concordance 
of adherence patterns between the epidemiologically related specimens C6/ C7 and C8/C9.   

Recently Moroni et al. postulated absence of correlation between adhesion and invasion 
level [18].  

Hemolysin, lipase and lecithinase are important virulence factors in listeriosis [19-21]. 
The loss of hemolysin production in mutant strains results in avirulence [22].Lipase and 
lecithinase are implicated in pore forming and bacterial invasion[19]. Caseinase and 
gelatinase foster tissue damage and rapid bacterial multiplication[23].Amylase is implicated 
in polysaccharide hydrolysis, offering a competitivenutritional advantage to bacterial 
strainsproducing this enzyme[24].DNaseis an enzyme which catalyses the hydrolytic cleavage 
of host DNA and allows bacteria to escape killing inside of neutrophil extracellular traps[25, 
26]. From eight virulence factors tested only four were present in our isolates: hemolysin, 
esculinase, caseinase and lipase.  Caseinase, esculinase, and hemolysin were present in all 
strains tested. Lipase was present in the majority of food isolates but in none of the human 
isolates. In our study, there was no correlation between enzyme activity and serotype or origin 
of strains (i.e. food or human). 

The 41 Romanian isolates tested by HRM analysis yielded 14 different InlB STs. One 
patient’s pair of isolates showed ST 30, an ST so far not observed among approximately 
2,000 isolates tested at the Austrian reference centre.   

While in most European countries listeriosis is primarily a disease of the elderly (≥65 
years old), more than half of our Romanian patients belonged to the age group less than 65 
years old. Figure 3 depicts the age distribution of our study patients in comparison to patients 
diagnosed with listeriosis in Austria during the same time period. The mean age of our Romanian 
patients was47.1 years, while the Austrian cases on average were 60.7 years old.  
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Figure3. Listeriosis cases documented between March 2010 and November 2012 in Romania 

(n= 20) in comparison to Austria(n = 76) by ageandrisk factors.A: Austria; R: Romania 
 

While in most European countries listeriosis patients other than pregnant women and the 
elderly usually have underlying disease (predisposing conditions), eleven (79%) out of 14 
Romanian patients (other than  pregnant women and the elderly) were without any known 
underlying disease, as compared to only 6(23%)out of 26 Austrian patients diagnosed during 
the same time period. From 1997-2007 Kasper et al. found only 12.7% of patients diagnosed 
with listeriosis in Austria to lack any predisposing condition [3]. 

Conclusions 

Human listeriosis in Romania involves a great variety of genetically different strains. 
However, three clusters with three cases each were detected, suggesting the existence of 
possible foodborne outbreaks of listeriosis.The highlyunusual proportion of young people 
found in our Romanian patients,  most of them lacking any predisposing conditions, contrasts 
with the situation in most European member states and raises the question of occurrence of 
food products contaminated with high loads of Listeria monocytogenes. The efforts of the 
European Union to increase food safety will require increased efforts for surveillance of 
listeriosis in such an economically disadvantaged member state as Romania. 
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