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Occurrence of Serratia marcescens on macrofungi  
in Hungary

Abstract

Background and purpose: The main objective of this paper is to report 
the occurrence of Serratia marcescens (Bizio, 1823), a bacterium on mac-
rofungi and review the data of other collectors in Hungary. 

Materials and methods: Our mycological research was conducted in 
ten localities of the North Hungarian Mountain Ranges and in one sampling 
site of Mezőföld between 2019-2022.

Results: Infection of S. marcescens was recorded on fourteen fungal 
species in northern Hungary. In addition, we reported 18 occurrence data 
of this bacterium by other collectors of Hungary. The infection of S. marc-
escens was highest in autumn. The most abundant infected fungal species 
was the edible and marketable Lepista personata (Fr.) Cooke, 1871. We 
identified the most fungal species as substrate in the family Agaricaceae. 

Conclusions: We conclude that the infection of S. marcescens of mac-
rofungi was detected independently of life mode and habitat occupied of 
fungi. However, the seasons influenced the occupancy of this species to vary-
ing degrees.

INTRODUCTION

The genus Serratia belongs to the Bacteria domain, strain Pseudomo-
nadota, class Gammaproteobacteria, order Enterobacterales, family 

Yersiniaceae (1). The genus Serratia represents a broad and diverse genus 
of bacterium found in many habitats, such as soil, water, plants, animals, 
and many Serratia species are known as human pathogens (2, 3). Four 
species of this genus, S. marcescens, S. nematodiphila, S. plymuthica and 
S. rubidaea produce the red pigment prodigiosin (4, 5, 6, 7, 8). Anti-
fungal agent such as oocidin was diagnosed from this genus which was 
tested mainly for plant pathogens (9, 10, 11, 12, 13, 3). 

S. marcescens Bizio, 1823 is in the focus of this research. It is a gram-
negative bacillus, has been known for two centuries. This species can be 
easily determined due to prodigiosin insoluble in water. S. marcescens was 
found in 1819 and described in 1823 (14). It is a saprophyte, opportu-
nistic pathogenic, optional anaerobic, biofilm forming bacterium which 
has been found in many places (15, 16, 17, 18). This species is a member 
of the normal human intestinal flora recognised as a cause of nosoco-
mial infection (19, 20, 21, 22), such as urinary tract infection, wound 
infection, arthritis, conjunctivitis, pneumonia and endocarditis (23, 24, 
25). The species was researched in patological and food health aspect by 
several Hungarian publications (19, 26, 27, 28, 8), according to wich, 
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in some cases the infection can be so large that it causes 
an epidemic (29). The economic impact of S. marcescens 
is that it can appear in the milk of cattle, as a result of 
inflammatory symptoms in case of cattles, also conse-
quently on dairy products (30, 18, 8). That’s why the bac-
terium may get in the human body with milk and milk 
products causing infection. Besides its human and eco-
nomic aspect, S. marcescens is important from mycological 
and ecological point of view because lot of publications 
report this bacterium on fungi. According to research, S. 
marcescens can destroy the hypha (31, 32, 33), its activity 
does not decrease in cold weather (34). It was supported 
by our observations, too.

Fungi provides a source of food and living space for 
many species. Besides vertebrates (35) and invertebrates 
such as flies, mosquitoes, macrothermic species (36), 
fungi may be parasites of other fungi (37, 38). In case of 
Coprinus comatus the parasitic species Psathyrella epimyces 
is a macrofungal species, too. In most cases the parasitic 
species are microfungi, the most frequent of them the 
members of genus Hypomyces (37). Many publications 
report about bacteria on fungi, besides S. marcescens Bur-
kholderia, Stenotrophomonas, Achromobacter, Lysobacter, 
Pseudomonas, Agrobacterium, Cohnella and Variovorax 
species was detected on fungi such as Lyophyllum (39, 40, 
41). Besides this, Collimonas fungivorans antifungal bac-
terium was detected on Fusarium species (42, 43), also 
Burkholderia rhizoxinica bacterium recognized as an en-
dosimbiota of Rhizopus microsporus fungal species (44). 
Pseudomonas, Xanthomonas, Cytophaga bacterium use 
hypha as substrate under ground (45). 

Data about the occurrence of S. marescens on fungi and 
their ecological aspect have not been published in Hun-
gary. So, this work can be considered a stopgap.

MATERIALS AND METHODS 

Data collection was done in ten localities of the North 
Hungarian Mountain Ranges and in one sampling site of 
Mezőföld between 2019-2022 (Figure 1). The most sam-
pling sites are situated in Natura 2000 habitats, designa-
tion of which is based on the European Union nature 
conservation directive, according to this, Natura 2000 
areas are devided into Special Protection Area (SPA) and 
Special Area of Conservation (SAC). The aim of the net-
work is the protection of biodiversity with the restauration 
of the conservation status of the natural habitats and rare-

Table 1. Nature conservation value of sampling sites of own collection.

Habitat Status of nature conservation

Abasár, Szent Anna Lake
Gyöngyös Sár Hill  Nature 

Reserve, Natura 2000 
HUBN20046 SAC

Csány, Csányi fishing lake –

Domoszló, Tarjánka brook

Mátra Landscape Protection 
Area, Specially Protected Area, 
Natura 2000, HUBN10006 

SPA
Gyöngyös, Deli Lake –

Gyöngyös, Nyúlmály –

Gyöngyössolymos, Cserkő 
Lake

Natura 2000, HUBN10006 
SPA

Soponya, edge of sport field –

Szentendre, Danube bank –

Vécs, Tarnóca Brook –

Vécs, Telki pasture Planned for protection

Mátrafüred, Pipis Hill –

Figure 1. Sampling sites of fungi parasitised by S. marcescens (: own collection data, : data of other collectors).
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and vulnerable species (46). Nature conservation status of 
sampling sites of our collection was varied, among which, 
there are nature reserves, specially protected areas and 
habitats planned for protecion (Table 1).

S. marcescens was determined with LOMO MBC-10, 
Konus Amber 5032 stereomicroscope and Bresser Re-
searcher Bino light microscope based on identification 
keys of Bánhegyi (47). Presence of the other 3 Serratia 
species which produced prodigiosin in the samples is not 
possible because of their habitat preference. S. rubidaea 
was described mainly from sewage, also very few data are 
from other habitats (48, 49), no data from fungi.  S. ply-
muthica mainly lives in water (48), S. nematodiphila was 
detected mostly on Nematoda (50, 6), also its impact on 
black pepper was examined (51).  In contrast, S. marces-
cens has been proved to be able to infect and destroy 
fungi (31, 32, 33). The identification was made by MAL-
DI-TOF analysis for punctual determination.

Valid latin names of detected fungal species are identi-
fied based on Funga Hungarica and Mycobank database 
(52, 53), and rules of their sales in Hungary are contained 
in the „107/2011. (XI. 10.) VM regulation of the collec-
tion, processing and placing on the market of wild mush-
rooms for eating”. Three samples were treated for conser-
vation in several ways, such as a fungarium was made 
from an infected sporophore with a modified Herpell-like 
method (54) laminated for better preservation. Besides 
this, we made preparations in 70% etyl alcohol, also dry 
sporophore. The conserved samples and photos of samples 
were placed in the natural science equipment of the 
ÉASZC Mátra Forestry Tech, Vocational School. During 
our study we used the results of other collectors besides, 
who collected data from several parts of Hungary (Figure 
1). These data were assembled from Mushroom Identifica-
tion and Hungarian Mushroom groups of Facebook. The 
sampling sites of status of nature conservation are includ-
ed in Table 2. 

RESULTS

We detected 15 occurrence data of S. marcescens from 
9 habitats of the Nothern Hungarian Mountain Ranges 
and 1 habitat of Mezőföld on 9 fungal species between 
2019-2022. Based on our data, it appeared on fungal spe-
cies of 5 families exclusively in the second half of the year, 
1 of them in September, 10 in October, 4 in November 
and 1 in December. The most abundant infected fungal 
species was L. personata (Fr.) Cooke, 1871), which has 5 
specimens were found (Figure 2). Five fungal species were 
found in protected area, two species of which, Byssomeru-
lius corium (Pers.) Parmasto, 1967 and Pleurotus ostreatus 
(Jacq.) P. Kumm, 1871 were detected in the especially 
protected Tarjánka Brook Valley. We identified 6 edible 
and marketable fungal species, 1 edible and 2 not edible 
fungal species. At most sampling sites, S. marcescens was 
found on only one fungal species, but in Vécs it was de-

Table 2. Nature conservation value of sampling sites of other collectors.

Habitat Status of nature conservation

Berhida, meadow –

Biatorbágy, Nyakaskő Hill
Nyakaskő Ürgehegy  Nature 

 Reserve, Natura 2000, 
HUDI20017 SAC 

Budapest, Danube bank –

Debrecen, Nagyerdő
Debreceni Nagyerdő Na-

ture  Reserve, Natura 2000, 
HUHN20033 SAC 

Kondorfa, Alvég
Őrség National Park, Natura 2000, 
HUON10001 SAC, HUON10001 

SPA 

Nagyhalász, oak forest –

Orfalu
Őrségi National Park,  Natura 
2000, HUON20018, SAC, 

HUON10001 SPA 

Pilisborosjenő, Fehér Hill Duna-Ipoly National Park,  Natura 
2000, HUDI20039, SAC 

Pilisborosjenő, black pine 
forest

Duna-Ipoly National Park,  Natura 
2000, HUDI20039, SAC 

Pilisborosjenő, Köves Hill Duna-Ipoly National Park,  Natura 
2000, HUDI20039, SAC 

Sárvár, oak forest –

Siófok, Töreki Natura 2000, HUDD20064, SAC

Szalafő-Papszer
Őrségi National Park,  Natura 

2000, HUON20018 SAC, 
HUON10001 SPA 

Székesfehérvár, pinus 
sylvestris forest –

Szokolya, oark forest –

Tiszalúc – Tiszadob 
Kesznyéten Landscape Protection 
Area, Natura 2000, HUBN10005 

SPA 

Úrkút, edge of road –

Figure 2. S. marcescens infection on L. Personata.
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tected on 2 Agaricus species and L. personata, also in Do-
moszló on 2 species, on B. corium and P. ostreatus (Table 
3) (Figure 3). Regarding the life form of the fungal spe-
cies, there were present in the samples 2 mycorrhizal-
forming, 5 soil-dwelling saprotrophs, 1 tree-living sapro-

trophs, 1 necrotrophs (55, 52). Substrate fungal species 
are classified into 2 groups, 1 species, Russula atropur-
puurea (Krombh.) Britzelm, 1893 in the endangered 
(VL:3) (Figure 4), and 8 are in the no endangered cate-
gory (55, 52).

Table 3. Fungal species of own collection and their dietary value, also date and place of collecting.

Fungal species Dietary value Date of collection Place of collection

Agaricaceae

Agaricus arvensis Schaeff., 1774 edible, marketable
02. 10. 2022 Vécs, Tarnóca brook

17. 10. 2022 Abasár, Szent Anna Lake

A. bitorquis (Quél.) Sacc., 1887 edible, marketable 02. 10. 2022 Vécs, Tarnóca brook

A. crocodilinus Murrill, 1912 edible, marketable 30. 10. 2022 Csány, Csányi fishing lake 

Leucoagaricus leucothites 
(Vittad.) Redhead, 2023 edible

15. 10. 2020 Soponya, edge of sport field

23. 09. 2022 Gyöngyös, Nyúlmály

Phanerochaetaceae

Byssomerulius corium (Pers.) Parmasto, 1967 not edible 06. 11. 2022 Domoszló, Tarjánka brook

Pleurotaceae

Pleurotus ostreatus (Jacq.) P. Kumm, 1871 edible, marketable 06. 11. 2022 Domoszló, Tarjánka brook

Russulaceae

R.atropurpuurea (Krombh.) Britzelm, 1893 not edible 07. 10. 2022 Gyöngyössolymos, Cserkő lake

R. vesca, Fr. 1836 edible, marketable 25. 10. 2019 Szentendre, Danube bank 

Tricholomaceae

L. personata (Fr.) Cooke, 1871 edible, marketable

28. 12. 2019 Gyöngyös, Deli lake

29. 10. 2022 Mátrafüred, Pipis hill

30. 10. 2022 Vécs, Tarnóca brook

30. 10. 2022 Csány, Csányi fishing lake

02. 11. 2022 Vécs, Telki pasture

Figure 3. S. marcescens infection on P. ostreatus. Figure 4. S. marcescens infection on R. atropurpurea.
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In addition, 18 occurrence data of this bacterium col-
lected by other collectors were reviewed. They found this 

bacterium on 11 fungal species from 17 habitats of Hun-
gary (Table 4).

Summarizing data, 33 occurrence data of S. macrescens 
were detected from 19 substrates in Hungary. In total, 9 
mycorrhizal-forming, 6 soil-dwelling saprotrophs, 2 tree-
living saprotrophs, 2 necrotrophs are known. Considering 
all data of S. marcescens, 3 endangered fungal species 
(VL:3) and 3 vulnerable fungal species (VL:4) were 
 detected with infection of bacterium. Regarding habitats, 
13 samples are from meadows and 20 from forests, the 
difference between two habitat types was remarkable in 
November (Figure 5). Data were collected from 13  Natura 
2000 areas, 2 landscape protection areas, 3 nature 
 reserves, 1 specially protected area, 6 national parks and 
1 habitat planned for protection.

Table 4. Fungal species of other collectors and their dietary value, also date and place of collecting and name of collectors.

Fungal species Dietary value Date of collection Place of collection Name of collector

Agaricaceae

Macrolepiota excoriata (Schaeff.) Wasser, 1978 edible 18. 11. 2019 Berhida Vidra Gyula

Amanitaceae

Amanita citrina Pers., 1797 toxic

19. 10. 2022 Biatorbágy, Nyakaskő hill Kottyán Péter

28. 10. 2022 Orfalu Fiedler Rita

09. 12. 2014 Pilisborosjenő, Köves hill Mihályi Ferenc

Boletaceae

Boletus edulis Bull., 1782 edible, marketable
09. 11. 2017 Sárvár Benkő Gábor

24. 10. 2022 Kondorfa, Alvég Fiedler Rita

Cortinaceae

Inocybe geophylla (Bull.) P. Kumm, 1871 toxic 04. 11. 2019 Szokolya Császár Ernő

Hygrophoraceae

Cuphophyllus virgineus (Wulfen) Kovalenko, 1989 edible
28. 10. 2022 Szalafő-Papszer Fiedler Rita

31. 10. 2022 Úrkút Nagy Péter

Mycenaceae

Mycena galericulata (Scop.) Gray, 1821 not edible 24. 10. 2020 Debrecen, Nagyerdő Tóth Zsófia

Pleurotaceae

Pleurotus eryngii (DC.) Quél., 1872 edible, marketable 28. 10. 2008 Tiszalúc - Tiszadob Szűcs Béla

P. ostreatus (Jacq.) P. Kumm, 1871 edible, marketable

23. 11. 2016 Nagyhalász Balogh Sándor

13. 12. 2020 Budapest, Duna bank Szűcs Borbála

21. 11. 2022 Siófok, Töreki Farkas Péter

Russulaceae

Lactarius deliciosus (L.) Gray, 1821 edible, marketable 30. 10. 2017 Székesfehérvár Talaber Gergely

L. sanguifluus (Paulet) Fr., 1838 edible, marketable 12. 11. 2014 Pilisborosjenő, black pine Fedor Ilona

Tricholomaceae

Tricholoma terreum (Schaeff.) P. Kumm, 1871 edible, marketable
12. 11. 2014 Pilisborosjenő, black pine Fedor Ilona

12. 11. 2014 Pilisborosjenő, Fehér hill Mihályi Ferenc

Figure 5. Distribution of collecting data of S. macrescens on macro-
fungi in forest and meadow based on collection seasons.
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CONCLUSIONS

Significant occurrence of S. marcescens bacterium was 
detected from macrofungi in northern Hungary and was 
reviewed occupancy in Hungary. The collecting was 
started in 2019, but the earliest data of Hungary are from 
year 2008. Sampling was conducted in 3 counties, so 
based on all observations, occurence data are detected 
from 9 counties in Hungary. With our 18 data presently 
33 occurrence data of S. macrescens are known, and in 
total, 10 families of 19 fungal species as substrate have 
been observed. The most abundant species was the L. 
personata, appeared exclusively in our own sampling as 
substrate species (Table 3). The reason for this may be that 
collectors are not specifically searching for S. marcescens; 
therefore, the substrate was not collected. Our observa-
tions support that, in the case of sporophore of fairy-ring 
most of the parasites concentrate in few hosts (56). It was 
noticeable in case of L. personata in Telki pasture, where 
S. marcescens appeared on 3 sporophore which were close 
to each other. According to all data, the life mode of the 
infected fungal species was very different. Based on this 
it can be said, S. marcescens chooses the fungal species 
independently of its life mode. All occured data show 
that, the threat of fungal species in Hungary is also dif-
ferent. Besides this, our observations support that the for-
est fungi were dominant, but the difference was not sig-
nificant. The observation of S. marcescens on fungi in 
conservation aspect is not negligible because based on our 
data, neither the habitat type nor the substrate species 
affects its occurrence. Also, it can appear on endangered 
and rare fungal species and nature conservation areas. 

Because fungi are collected mainly for food purposes, 
the observation and examination of this bacterium which 
may cause diseases and in some cases epidemic can be 
significant. Due to the lack of literature, transmission 
from fungus to humans is not proven, but evidently not 
impossible. Others (30, 8) report on appearance of this 
bacterium in cattle milk and the resulting dairy products. 
We conclude from this, S. marcescens as a member of the 
intestinal microbiome (19) can enter the human body 
through contact and eating in quantities causing diseases. 
Based on human health literatures (23, 24, 25), it can 
cause serious diseases in people with weakened immune 
systems. 

In conclusion, it can be said, besides human health 
activity S. marcescens is able to settle in many habitats of 
Hungary and several fungus species independently of 
their life mode. Based on this, the fungal identification 
test has great importance in order to select the infected 
sporophore and to prevent possible diseases resulting from 
it. S. marcescens appeared in several protected areas of 
Hungary, also on endangered species. However, based on 
our observation, their appearance on endangered and rare 
fungal species is not significant. More research is neces-
sary in order to detect the possible infection of endan-
gered fungal species.

Acknowledgments: Thanks Boglárka Korpai, Diána 
Vona-Túri, Viktor Papp, Márton Paulin, László Urbán and 
the data providers. The English was proofread by Kovács 
Kinga and Dávid Árpád. Moreower, thank Kabai Lilla Ti-
tanilla for identification of Serratia species. 

REFERENCES

 1.  LORENZ R, SARDA J, OVERMANN J, KOBLITZ J, 
SCHOBER I, EBELING C, PODSTAWKA A 2012 BacDive 
Database https://bacdive.dsmz.de/strain/5136 (Last accessed: 
2022-12-13) 

 2.  EISENSTEIN I 1990 Enterobacteriaceae. In: Mandell GL, Doug-
las RG, Bennett JE (eds) Principles and Practice Of Infectious 
Disease 3rd ed. Churchill Livingstone New York.

 3.  SOENENS A, IMPERIAL J 2020 Biocontrol capabilities of the 
genus Serratia. Phytochemistry 577–587.   
https://doi.org/10.1007/s11101-019-09657-5

 4.  GRIMONT P A D, GRIMONT F, RICHARD C, DAVIS B R, 
STEIGERWALT A G, BRENNER D J 1978 Dezoxyribonucleic 
acid relatedness between Serratia plymuthica and other Serratia 
species, with a description of Serratia odorifera sp. nov. (type strain: 
ICPB 3995).  Int. J. Syst. Bacteriol. 28: 453–463.   
https://doi.org/10.1099/00207713-28-4-453

 5.  GRIMONT P A D, GRIMONT F 1984 Genus Serratia Bizio 
1823, 288AL. In: Krieg N R, Holt J G (eds) Bergey’s manual of 
systematic bacteriology. Williams and Wilkins, Baltimore, p 2: 
477–484.

 6.  ZHANG C X, YANG S Y, XU M X, SUN J, LIU H, LIU J R, 
LIU H, KAN F, SUN J, LAI R, ZHANG K Y 2009 Serratia 
nematodiphila sp. nov., associated symbiotically with the en-
tomopathogenic nematode Heterorhabditidoides chongmingensis 
(Rhabditida: Rhabditidae). Int. J. Syst. Evol. Microbiol. 59: 1603–
1608. https://doi.org/10.1099/ijs.0.003871-0

 7.  DARSHAN N, MANONMANI H K 2015 Prodigiosin and its 
potential applications. J. Food Sci. Technol. 52: 5393–5407.  
https://doi.org/10.1007/s13197-015-1740-4

 8.  KORCZ E, VARGA L, KERÉNYI Z 2021 Serratia fajok jel-
lemzése, valamint Serratia marcescens kvalitatív kimutatása nyers 
és pasztőrözött tejből polimeráz láncreakción alapulóvizsgálati 
módszerrel (in Hungarian) (Characterization of Serratia species 
and qualitative detection of Serratia marcescens from raw and pas-
teurized milk based on polymerase chain reaction). Élelmiszervizs-
gálati Közl. 3441–3452.   
https://doi.org/10.52091/EVIK-2021/2-4-HUN

 9.  Srobel G, Li JY, Sugawara F, Koshino H, HARPER J,  HESS W 
M  1999 Oocydin A, a chlorinated macrocyclic lactone with potent 
anti-oomycete activity from Serratia marcescens. Microbiology 145 
(12): 3557–3564. https://doi.org/10.1099/00221287-145-12-3557

10.  BERG G 2000 Diversity of antifungal and plant-associated 
 Serratia plymuthica strains. J Appl Microbiol 88 (6): 952–60.  
https://doi.org/10.1046/j.1365-2672.2000.01064.x

11.  HERTWECK C 2009 The biosynthetic logic of polyketide diver-
sity. Angew Chem Int Ed Engl. 4688–716.   
https://doi.org/10.1002/anie.200806121

12.  PIEL J 2010 Biosynthesis of polyketides by trans-AT polyketide 
synthases. Nat Prod Rep 27 (7): 996–1047.   
https://doi.org/10.1039/b816430b

13.  TILL M, RACE P 2014 Progress challenges and opportunities for 
the re-engineering of trans-AT polyketide synthases. Biotechnol 
Lett 36 (5): 877–888. https://doi.org/10.1007/s10529-013-1449-2

14.  BIZIO B 1823 Lettera di Bartolomeo Bizio al chiarissimo cano-
nico Angelo Bellani sopra il fenomeno della polenta porporina 

https://bacdive.dsmz.de/strain/5136
https://doi.org/10.1007/s11101-019-09657-5
https://doi.org/10.1099/00207713-28-4-453
https://doi.org/10.1099/ijs.0.003871-0
https://doi.org/10.1007/s13197-015-1740-4
https://doi.org/10.52091/EVIK-2021/2-4-HUN
https://pubmed.ncbi.nlm.nih.gov/?term=Koshino+H&cauthor_id=10627053
https://pubmed.ncbi.nlm.nih.gov/?term=Harper+J&cauthor_id=10627053
https://pubmed.ncbi.nlm.nih.gov/?term=Hess+WM&cauthor_id=10627053
https://doi.org/10.1099/00221287-145-12-3557
https://doi.org/10.1046/j.1365-2672.2000.01064.x
https://doi.org/10.1002/anie.200806121
https://doi.org/10.1039/b816430b
https://doi.org/10.1007/s10529-013-1449-2


Occurrence of Serratia marcescens on macrofungi in Hungary D. Dredor and T. Szmatona-Túri

Period biol, Vol 125, No 3–4, 2023. 185

(Italian) (Letter from Bartolomeo Bizio to Angelo Bellani on the 
phenomenon of purple polenta). Biblioteca Italiana, o sia Giornale 
di Letteratura, Scienze, e Arti (Anno VIII) 30: 275–295.

15.  MURDOCH S L, TRUNK K, ENGLISH G, FRITSCH M J, 
POURKARIMI E, COULTHURST S J 2011 The opportunistic 
pathogen Serratia marcescens utilizes type VI secretion to target 
bacterial competitors. J. Bacteriol. 6057–6069.   
https://doi.org/10.1128/jb.05671-11

16.  CLETO S, MATOS S, KLUSKENS L, VIEIRA M J 2012 Char-
acterization of contaminants from a sanitized milk processing 
plant. PLOS One 7 (6): e40189.   
https://doi.org/10.1371/journal.pone.0040189

17.  JOYNER J, WANLESS D, SINIGALLIANO C D, LIPP E K 
2014 Use of quantitative real-time PCR for direct detection of 
Serratia marcescens in marine and other aquatic environments. 
Appl. Environ. Microbiol.  80: 1679–1683.   
https://doi.org/10.1128%2FAEM.02755-13

18.  FRIMAN M J, EKLUND M H, PITKÄLÄ A H, RAJALA-
SCHULTZ P J, RANTALA M H J 2019 Description of two 
Serratia marcescens associated mastitis outbreaks in Finnish dairy 
farms and a review of literature. Acta Vet. Scand. 61: 54.  
https://doi.org/10.1186/s13028-019-0488-7

19.  FEJES M, SZÉKHELYI ZS, SZŰTS Á 2004 Serratia marcescens 
által okozott multiplex agytályog és rövid távúkövetkezményei (in 
Hungarian) (Serratia marcescens caused by multiple brain abscess 
and its short-term consequences). Gyermekradiológia 18–22.

20.  IWAYA A, NAKAGAWA S, IWAKURA N, TANEIKE I, KUR-
IHARA M, KUWANO T, GONDAIRA F, ENDO M, HA-
TAKEYAMA K, YAMAMOTO T 2005 Rapid and quantitative 
detection of blood Serratia marcescens by a real-time PCR assay: Its 
clinical application and evaluation in a mouse infection model. 
FEMS Microbiol Lett. 248 (2): 163–170.   
https://doi.org/10.1016/j.femsle.2005.05.041

21.  BAYRAMOGLU G, BURUK K, DINC U, MUTLU M, 
YILMAZ G, ASLAN Y 2011 Investigation of an outbreak of Ser-
ratia marcescens in a neonatal intensive care unit. J microbiol Im-
munol Infect. 111–115. https://doi.org/10.1016/j.jmii.2010.02.002

22.  MORADIGARAVAND D, BOINETT C J, MARTIN V, PEA-
COCK S J, PARKHILL J 2016 Recent independent emergence of 
multiple multidrug-resistant Serratia marcescens clones within the 
United Kingdom and Ireland. Genome Res. 26 (8): 1101–1109. 
https://doi.org/10.1101/gr.205245.116

23.  KONEMAN EW, ALLEN SD, JANDA WM, SCHRECKEN-
BERGER PC, WINN WC JR 1997. Colour atlas and textbook of 
diagnostic Microbiology. 5 th ed. JB Lippincot Company 897–
906.

24.  HUME E, WILLCOX M 2004 Emergence of Serratia as an ocu-
larsurface pathogen. Arch. Soc. Esp. Oftalmol. 475–481.

25.  RYAN KJ, RAY C 2004 Sherris Medical Microbiology. McGraw-
Hill, New York, p 370–371.

26.  HAJDÚ E 2007 Légúti infekciót okozó baktériumok terápiás ha-
tékonyságot befolyásoló rezisztenciáinak és rezisztencia mechaniz-
musainak vizsgálata (in Hungarian) (Investigation of resistances 
and resistance mechanisms affecting therapeutic efficacy by bacte-
ria causing respiratory infection) PhD thesis, University of Szeged, 
p 7–75.

27.  MOLNÁR K 2010 Kórházi fertőzések Magyarországon (in Hun-
garian) (Hospital-acquired infections in Hungary) PhD thesis, 
University of Pécs, p 40–54.

28.  KARI B 2016 A veleszületett immunitás vizsgálata Drosophila 
melanogaster-ben. (in Hungarian) (Study of congenital immunity 
in drosophilamelanogaster) PhD thesis, University of Szeged, p 
5–61.

29.  IVÁDY B 2016 Gyermekkori Gram-negatív véráramfertőzések 
klinikai és mikrobiológiai jellemzői (in Hungarian) (Clinical and 
microbiological characteristics of childhood Gram-negative blood-
stream infections) PhD thesis, Semmelweis University, p 13–18.

30.  ALBERGHINI L, TALLONE G, GIACCONE V 2010 A new 
discoloration of ricotta cheese.  Ital. J. Food Saf. 7–10.  
https://doi.org/10.4081/ijfs.2010.1029

31.  ORDENTLICH A, ELAD Y., CHEF I. 1987 Rhizosphere colo-
nization by Serratia marcescens for the control of Sclerotium rolfsii. 
Soil Biol. Biochem. 747–751.   
https://doi.org/10.1016/0038-0717(87)90058-7

32.  HOVER T, RON S, SANDOVSKY H, SHADKCHAN Y, KI-
JNER N, MITIAGIN Y, FICHTMAN B, HAREL A, SHANKS 
R M Q, E BRUNA R, GARCÍA-VÉSCOVI E, OSHEROV N 
2016 Mechanisms of Bacterial (Serratia marcescens) Attachment to, 
Migration along, and Killing of Fungal Hyphae. Appl. Environ. 
Microbiol. 2585–2594. https://doi.org/10.1128%2FAEM.04070-15

33.  HAZARIKA D J, GAUTOM T, PARVEEN A, GOSWAMI G, 
BAROOAH M, MODI K M, BORO C R 2020 Mechanism of 
interaction of an endofungalbacterium Serratia marcescens D1 with 
its hostand non-host fungi. PLOS One 1–19.   
https://doi.org/10.1371/journal.pone.0224051

34.  Selvakumar G,  MOHAN M,  KUNDU S,  GUPTA A D,  JOSHI 
P,  NAZIM S, GUPTA H S 2008 Cold tolerance and plant growth 
promotion potential of Serratia marcescens strain SRM (MTCC 
8708) isolated from flowers of summer squash (Cucurbita pepo). 
Lett Appl Microbiol. 46 (2): 171-175.   
https://doi.org/10.1111/j.1472-765X.2007.02282.x

35.  FOLCZ T, HOCZEK L 2010 Erdészeti állattan (in Hungarian) 
(Forestry zoology). National Institute of Agricultural Advisory, 
Training and Rural Development, Budapest, p 208.

36.  JAKUCS E, VAJNA L 2003 Mikológia (Hungarian) (Mycology). 
Agroinform kiadó, p 435.

37.  LENTI I 2008 Mikoparazita gombák a Bátorligeti Természetvé-
delmi Területen (in Hungarian) (Mycoparasitic mushrooms in 
Bátorliget Nature Reserve). Mikol. Közlem.-Clusiana 47 (1): 21–
30.

38.  DREDOR D, SZMATONA-TÚRI T 2021 A gyilkos galócán 
élősködő Mycogone rosea bemutatása (in Hungarian) (Report of 
Mycogone rosea parasitic on Amanita phalloides). Erdészeti Lapok 
53–55.

39.  WARMINK J A, NAZIR R, CORTEN B, J D VAN ELSAS 2011 
The helper effect for bacterial migration via fungal hyphae. Soil 
Biol. Biochem. 760–765.   
https://doi.org/10.1016/j.soilbio.2010.12.009

40.  BRAVO D, CAILLEAU G, BINDSCHEDLER S, SIMON A, 
JOB D, VERRECCHIA E, JUNIER P 2013 Isolation of oxalo-
trophic bacteria able to disperse on fungal mycelium. FEMS Mi-
crobiol. Lett. 157–166. https://doi.org/10.1111/1574-6968.12287

41.  RUAN C, RAMONEDA J, GOGIA G, WANG G, JOHNSON 
R D 2022 Article Fungal hyphae regulate bacterial diversity and 
plasmid-mediated functional novelty during range expansion. 
Current Biology 5285–5294.   
https://doi.org/10.1016/j.cub.2022.11.009

42.  DE BOER W, LEVEAU J H J, KOWALCHUK A G, KLEIN 
GUNNEWIEK P J A, ABELN A C E, FIGGE J M, SJOLLEMA 
K, JANSE J D, A VAN VEEN J 2004 Collimonas fungivorans gen. 
nov., sp. nov., a chitinolytic soil bacterium with the ability to grow 
on living fungal hyphae. Int J Syst Evol Microbiol. 3:857–864. 
https://doi.org/10.1099/ijs.0.02920-0

43.  KAMILOVA F, LEVEAU J H J, LUGTENBERG B 2007 Col-
limonas fungivorans, an unpredicted in vitro but efficient in vivo 
biocontrol agent for the suppression of tomato foot and root rot. 

https://doi.org/10.1128/jb.05671-11
https://doi.org/10.1371/journal.pone.0040189
https://doi.org/10.1128%2FAEM.02755-13
https://doi.org/10.1186/s13028-019-0488-7
https://doi.org/10.1016/j.femsle.2005.05.041
https://doi.org/10.1016/j.jmii.2010.02.002
https://doi.org/10.1101/gr.205245.116
https://doi.org/10.4081/ijfs.2010.1029
https://doi.org/10.1016/0038-0717(87)90058-7
https://doi.org/10.1128%2FAEM.04070-15
https://doi.org/10.1371/journal.pone.0224051
https://pubmed.ncbi.nlm.nih.gov/?term=Selvakumar+G&cauthor_id=18028329
https://pubmed.ncbi.nlm.nih.gov/?term=Mohan+M&cauthor_id=18028329
https://pubmed.ncbi.nlm.nih.gov/?term=Kundu+S&cauthor_id=18028329
https://pubmed.ncbi.nlm.nih.gov/?term=Gupta+AD&cauthor_id=18028329
https://pubmed.ncbi.nlm.nih.gov/?term=Joshi+P&cauthor_id=18028329
https://pubmed.ncbi.nlm.nih.gov/?term=Nazim+S&cauthor_id=18028329
https://pubmed.ncbi.nlm.nih.gov/?term=Gupta+HS&cauthor_id=18028329
https://doi.org/10.1111/j.1472-765X.2007.02282.x
https://doi.org/10.1016/j.soilbio.2010.12.009
https://doi.org/10.1111/1574-6968.12287
https://doi.org/10.1016/j.cub.2022.11.009
https://doi.org/10.1099/ijs.0.02920-0


D. Dredor and T. Szmatona-Túri Occurrence of Serratia marcescens on macrofungi in Hungary

186 Period biol, Vol 125, No 3–4, 2023.

Environ. Microbiol. 1868–1868.   
https://doi.org/10.1111/j.1462-2920.2007.01263.x

44.  MOEBIUS N, ÜZÜM Z, DIJKSTERHUIS J, LACKNER G, 
HERTWECK C 2014 Active invasion of bacteria into living fun-
gal cells. Elife 3, e03007. https://doi.org/10.7554/eLife.03007

45.  DE BOER W, KLEIN GUNNEWIEK P J A, LAFEBER P, 
JANSE J D, SPIT B E, WOLDENDORP J W 1998 Biochemistry 
Anti-fungal properties of chitinolytic dune soil bacteria.  Soil Biol. 
Biochem.  193–203.   
https://doi.org/10.1016/S0038-0717(97)00100-4

46.  MAGOS G, SZABÓ SZ, SZUROMI L, URBÁN L 2010 Ter-
mészetvédelem a Mátrai tájegységben (Hungarian) (Nature con-
servation in the Matra region). In: Baráz Cs, Dudás Gy, Holló S, 
Szuromi L, Vojtkó A (eds): A Mátra Tájvédelmi Körzet. Heves és 
Nógrád határán. tájegységben (in Hungarian) (The Matra land-
scape protection area. On the border of Heves and Nógrád). Bük-
ki Nemzeti Park Igazgatóság, p 373–398.

47.  BÁNHEGYI J 1968 Baktériumok (Bacteria) In: Árokszállási Z, 
Bánhegyi J, Boros Á, Gallé  Hortobágyi T (eds): Növényhatározó, 
Első kötet, Baktériumok és mohák (Plant identifier, First volume, 
Bacteria and mosses) Tankönyvkiadó, Budapest, p 1–138. 

48.  GRIMONT P, GRIMONT F 2006 The Genus Serratia. Prokar-
yotes 219–244. https://doi.org/10.1007/0-387-30746-x_11

49.  Halder A, Banerjee A, Biswas R, Sharma A, Pal S, Adhikary A, 
Bandopadhyay R 2020 Production of prodigiosin by a drug-resis-
tant Serratia rubidaea HB01 isolated from sewage. Environmental 

Sustainability 279–287.   
https://doi.org/10.1007/s42398-020-00115-z

50.  KWAK J, KHAN R A, SHIN J H 2014 Genome sequence of 
Serratia nematodiphila DSM 21420T, a symbiotic bacterium from 
entomopathogenic nematode. Genome Announc. 1–2.  
https://doi.org/10.1016/j.jbiotec.2014.11.002

51.  Dastager S G,  Deepa C K,  PANDEY A 2011 Potential plant 
growth-promoting activity of Serratia nematodiphila NII-0928 on 
black pepper (Piper nigrum L.) World J. Microbiol. Biotechnol. 
259–265. https://doi.org/10.1007/s11274-010-0454-z

52.  ALBERT L, DIMA B, FODOR L, JAKUCS E, KUTSZEGI G, 
PAPP V, SILLER I 2014 Funga Hungarica Adatbázis (FH) (in 
Hungarian) (Funga Hungarica database)   
https://fungahungarica.hu (Last accessed 2022-12-13) 

53.  ROBERT V, STEGEHUIS G, STALPERS J 2011 The MycoBank 
engine and related databases   
http://www.mycobank.org (Last accessed 2022-12-13)

54.  VASAS G 1993 A gombák régi és új konzerválási módja a Magyar 
Természettudományi Múzeum Növénytárában (Hungarian) (Old 
and new ways of preserving mushrooms in the Hungarian Museum 
of Natural History). Mikol. Közl. 32 (1-2): 33–42.

55.  EWALD G, LOCSMÁNDI CS, VASAS G 2017 Gombászok 
kézikönyve (Hungarian) (Handbook of Mushrooms). Cser kiadó, 
p 140.

56.  SÁROSPATAKI M 2006 Az ökológia alapjai (Hungarian) (The 
Bases of Ecology). University note, Szent István University, p 28.

https://doi.org/10.1111/j.1462-2920.2007.01263.x
https://doi.org/10.7554/eLife.03007
https://doi.org/10.1016/S0038-0717(97)00100-4
https://doi.org/10.1007/0-387-30746-x_11
https://link.springer.com/article/10.1007/s42398-020-00115-z#auth-Rajib-Bandopadhyay
https://doi.org/10.1007/s42398-020-00115-z
https://doi.org/10.1016/j.jbiotec.2014.11.002
https://link.springer.com/article/10.1007/s11274-010-0454-z#auth-C__K_-Deepa
https://link.springer.com/article/10.1007/s11274-010-0454-z#auth-Ashok-Pandey
https://doi.org/10.1007/s11274-010-0454-z
https://fungahungarica.hu
http://www.mycobank.org

