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Pe3rome

MyxkoBucu03 sBIsETCS 3a00JeBaHUEM, I KOTOPOTO XapakTEepPHO
HIMPOKOE MUKPOOHOJOTHYECKOe pazHooOpa3ue. B Hero BXonsat Takue OakTepuu
kak Pseudomonas aeruginosa, Burkholderia cepacia complex, Achromobacter
xylosoxidans/ruhlandii. Kpome HuUX Takke MPUCYTCTBYIOT MHKPOOPTaHU3MBI C
HEYCTAHOBJICHHBIM MPU MYKOBUCHUI03€ KIMHMUYECKUM 3HAYEHHEM, K KOTOPBIM
otHocaT Roseomonas aerofrigidens. Ilpu 3TomM, B CBOOOTHBIX HCTOYHHUKAX
MPaKTUYECKU OTCYTCTBYIOT ONMCAHUSI BBbIJCJICHUS MpeACTaBUTENECH pojia
Roseomonas ot maiueHToB ¢ MyKOBUCIUA030M. Llenbio JaHHOrO ucciaenoBaHus
SBJIICTCSI OIICHKA OIICHKA PacHpOCTPAaHEHHOCTH YKa3aHHBIX MHKPOOPTAHU3MOB
Cpelld MAlMEHTOB C MYKOBHCIIMI030M, IPOXOJIAIIUX PErYyIsipHOE 00CIeI0BaHUE
Ha 0Oaze mukpoOumosnornueckoil jpadoparopum Kmunuk ®I'bBOY BO CamI'MVY
MunznpaBa Poccun. bl mnipoBeaeH ananu3 pesynbTatoB 12094 moceBoB
KJIIMHAYECKOT0 Marepuaia, UACHTU(PHUKALUsS MPOBOAWIACH C MOMOIIbIO Macc-
cnexkrpometpa MALDI-ToF, paccunTtan cocraBHOM MHAEKC Koppensuuu. Takxke,
JUTSL OLIEHKH XapaKkTepa CUMOMOHTHBIX WM AHTATOHUCTUYECKUX B3aUMOJECHCTBUN
ucrnosb3oBascs kodddunuent cxonacta XKakkapa. B xome uccienoBanusi ObLI0
BoiiesieHo 20 mramMMoB OakTepuii Roseomonas spp. B deteipex w3 aBamiatu
CJIy4acB IITaMM OBLJT BBIJICJICH CO CU3UCTON 000JIOYKH 3a/THEH CTEHKH TJIOTKH, B
OCTAJIbHBIX CIy4asx - U3 JKUJIKOCTUA HA3aJILHOTO JaBaxa. [[amueHT ¢ reHeTuKon
F508del/F508del ¢ oxTs0pst 2022 roja moaydan AByXKOMIIOHEHTHYIO TapreTHYIO
tepanuio. Jlo Hayaya Tepanuu HE HAOMIOMAIOCh KIMHWUYECKH 3HAYUMBIX
TPaMOTPUIATEIHHBIX BUJIOB OPTraHW3MOB, TAaK)Ke Kak M IITaMMOB ROSeomonas
aerofrigidens B anamuese. OaHako, Ha TPETbEM, ISTOM, IIIECTOM, BOCBMOM,
JIEBATOM, OJMHHAIIIATOM M BOCEMHAJIIATOM MeCsIaX HaOIOJACHHUS OTMEYCHBI
BbICeBbI ROSeomonas aerofrigidens w3 >KMIKOCTH HA3aJIbHOTO JIaBaXka, IpHU
OTCYTCTBHH POCTa YKa3aHHOTO IMTamMmMa B MOKpoTe. [Ipu nzydeHun ocoOeHHOCTEH
0enKOBBIX poduIIel N30JATOB YCTAHOBIIEHO, YTO OHM UMEIOT BBICOKYIO CTETIEHB

poiacTBa ¢ MHJEKCOM Koppensiuuu Oozee 0,8, 4TO MOATBEPKIAET THIOTE3Y O



NPOAODKUTENFHOW (B TEYCHHMHM  HECKOJNBKHUX  MECSIEB)  KOJOHHM3AIHUU
napaHa3alibHbIX CHHYCOB OJIHAM U TeM ke mTammoM Roseomonas aerofrigidens.
[Ipu oleHke KpuTepus TOCTOSHCTBA YCTaHOBJICHO, 4To cpenu 30 BUAOB
MUKPOOPTaHU3MOB, BBIJICICHHBIX 3a 18 MecsleB HAOMIOACHHUS W3 KUIKOCTH
Ha3aJbHOTO JIaBaXka, JBa MUKPOOPTaHW3Ma ObUIM OTHECCHBI K MPEICTaBUTEIISIM
MOCTOSTHHOM ~ MHUKpPOOHMOTBI, YeThIpe (cpeaud KOTopblx Obul  Roseomonas
aerofrigidens) otHeceHsl kK 100aBOYHON MHKpoOWOTe. OcCTalbHBIC BUIBI
OTHOCSITCS K chy4yaiiHo wmukpoOuore. Mcxoms wu3 wuHzaekca JKakkapa,
YCTaHOBJICHO, UTO JUIsI YeThIpeX Tap MHUKPOOPTaHU3MOB XapaKTepeH
CUHEpPrUIHBI  XapakTep  B3auMOOTHOIIeHWM.  JlaHHble  HaOMIOICHUS
JEMOHCTPHUPYIOT CITydail MHOTOMECSYHOW KOJIOHU3AIMN YHUKATHHBIM IITAMMOM
Roseomonas aerofrigidens mamueHTa € MYKOBHCIHIO30M, ITOJYYarOIIEro

TapreTHYIO Tepanuio.

Kiw4deBble c0oBa:  MYyKOBHCHUIO03, JbIXaTelbHbIE MyTH, MHUKPOOHOTA,

Roseomonas aerofrigidens, MALDI-ToF, taprernas Tepamusi.



Abstract

Cystic fibrosis (CF) is a disease characterized by a varying microbiological
diversity, including bacteria such as Pseudomonas aeruginosa, Burkholderia
cepacia complex, Achromobacter xylosoxidans/ruhlandii. Additionally, there are
microorganisms with unknown clinical significance, including Roseomonas
aerofrigidens. The main goal of the study is to evaluate the prevalence of such
microorganisms among CF patients undergoing regular examinations at the
microbiological laboratory of the Samara State Medical University, Ministry of
Health of the Russian Federation. An analysis of 12,094 clinical material cultures
was carried out, with identification done by using MALDI-ToF mass
spectrometry. A composite correlation index was calculated. The Jaccard
similarity coefficient was used to assess the nature of symbiotic or antagonistic
interactions.

A total of 20 strains of Roseomonas spp. bacteria was isolated. Four strains
were obtained from the mucous membrane of the posterior pharyngeal wall, while
the remaining strains — from nasal lavage fluid. The patient with F508del/F508del
genetics had been receiving dual targeted therapy since October 2022. Before
treatment, no clinically significant Gram-negative species or Roseomonas
aerofrigidens strains were noted in the patient’s anamnesis. However, during
observation, Roseomonas aerofrigidens cultures were obtained from nasal lavage
fluid at the third, fifth, sixth, eighth, ninth, eleventh, and eighteenth months of
observation, with no concurrent bacterial strain growth in sputum samples.

The study of the protein profiles demonstrated a high degree of kinship
among the isolates, with a correlation index exceeding 0.8, confirming the
hypothesis on long-term colonization of the paranasal sinuses by same
Roseomonas aerofrigidens strain. While assessing the consistency criterion, it was
found that among 30 microbial species isolated from nasal lavage fluid over 18-
month observation, two microorganisms were classified as representatives of the

constant microbiota, four (including Roseomonas aerofrigidens) as additional



microbiota. The remaining species belong to random microbiota. Based on the
Jaccard coefficient, it was found that four pairs of microorganisms are
characterized by a synergistic nature of the relationship. These observations
demonstrate a case of multi-month colonization with a unique strain of
Roseomonas aerofrigidens in a patient with cystic fibrosis receiving targeted

therapy.

Keywords: cystic fibrosis, respiratory tract, microbiota, Roseomonas

aerofrigidens, MALDI-ToF, targeted therapy.
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1 Introduction

Cystic fibrosis remains one of the most significant genetic diseases,
characterized by a unique microbiological landscape and significant species
breadth. In addition to the "classic" species for this disease, such as Pseudomonas
aeruginosa, Burkholderia cepacia complex, Achromobacter
xylosoxidans/ruhlandii, whose clinical significance in the development of
bacterial complications of the respiratory tract is beyond doubt. In recent years,
the question of the role of environmental microorganisms with unspecified clinical
significance in cystic fibrosis has become relevant. These include bacterium
Roseomonas aerofrigidens. These microorganisms are gram-negative coccobacilli
belonging to class Alphaproteobacteria. They have a low growth rate, giving
visible growth no earlier than 2-3 days of incubation, depending on the type of
growth media used. According to the literature, the strains can grow on simple
nutrient media, on MacConkey medium, but the best growth noted when culturing
on Sabouraud medium. Growth is given in the form of slimy colonies, moist with
a shiny surface from pale pink to coral-salmon shade. When examined
microscopically, they look like gram-negative coccobacilli or thick rods, located
In pairs or in the form of separate chains. Many of them can be mobile due to one
or two polar flagella. Their biochemical activity is well studied. Meanwhile,
representatives of the genus Roseomonas are quite rarely isolated from biological
samples from humans. There are descriptions of the isolation of strains from blood,
wound discharge, exudate, fragments of ureters and fluid for peritoneal dialysis.
[1-6] However, in the available sources there are practically no descriptions of the
isolation of these strains from respiratory samples from patients with cystic

fibrosis, especially cases of chronic colonization.
2 Materials and methods

To assess the prevalence of these microorganisms among patients with cystic

fibrosis in the Russian Federation undergoing regular microbiological examination



29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

at the microbiological laboratory of the Clinics of the Federal State Budgetary
Educational Institution of Higher Education Samara State Medical University of the
Ministry of Health of the Russian Federation, an analysis of the results of 12,094
clinical material cultures was performed for the period from January 2019 to July
2024. The isolated cultures were identified using MALDI-ToF mass spectrometry
(Bruker, Germany). Visualization of the results of statistical proteomic comparison
of the mass spectra of the isolated strains was carried out using MALDI Biotyper
3.0 Offline Classification software (Bruker Daltonik GmbH, Germany). For the
studied strains, the Composite Correlation Index was calculated using the BioTyper
Composite Correlation Standard Method. To assess the biological diversity of the
microbiota isolated from nasal lavage fluid over time, the consistency criterion C
was used. When assessing the indicator with a prevalence of microorganisms less
than 25% in the overall structure of isolated representatives, the species was
regarded as a transient microbiota participant. With an isolation frequency from 25
to 50%, the species was regarded as a representative of additional microbiota, and
in the case of presence in more than 50% of samples from the locus, as a permanent
participant in the microbiome. In addition, to assess the nature of symbiotic or
antagonistic interactions within the considered community of the biotope, the
Jaccard similarity coefficient (q) was calculated. With a value of g < 30%, the
species were considered as antagonists, q = 30-70% - as synergists, q > 70% as

mutualists.
3 Results and discussion

During the period of research, 20 strains of Roseomonas spp. bacteria were
isolated. In four cases, the strain was isolated from the mucous membrane of the
posterior pharyngeal wall, in all other cases isolated from nasal lavage fluid. Single
episodes of isolation were noted among 13 patients, which could be explained by
transient carriage, and one patient, at the time of describing this case, had a history

of seven-fold cultures from nasal lavage fluid.
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Patient K, born in 2013, has genetics F508del/F508del. Since October 2022,
he has been receiving two-component targeted therapy. Before the start of therapy,
patient had no cultures of clinically significant gram-negative types of
microorganisms from respiratory samples. He also had no cultures of strains of
Roseomonas aerofrigidens in his medical history. Since the start of targeted
therapy, the patient has undergone regular microbiological monitoring. At the time
of the case description, the patient had 18 months of microbiological monitoring of
sputum and nasal lavage fluid. At the third, fifth, sixth, eighth, ninth, eleventh and
eighteenth months of observation, Roseomonas aerofrigidens cultures were noted
from nasal lavage fluid, with no growth of the strain in sputum. Growth was
obtained on OFPBL medium (HiMedia, India) in the form of pink mucous colonies,
shown in figure (figure 1). No hemolytic activity was detected when reseeding on
Columbia agar with 5% sheep blood, and no phospholipase activity was detected
when culturing on yolk-salt agar. When culturing on chromogenic agar (Conda,
Spain), mucous pink colonies identical to those obtained on OFPBL medium were

obtained.

When studying the characteristics of the protein profiles of the isolates, it was
found that they have a high degree of kinship (correlation index over 0.8), which
confirms our hypothesis that the patients paranasal sinuses had been colonized the
with the same strain of Roseomonas aerofrigidens for several months (CCI matrix
Is shown in the figure) (figure 2). When assessing the consistency criterion C, it
was found that 2 out of 30 microorganism isolated from nasal lavage fluid during
18 months of observation,were classified as representatives of the constant
microbiota (Staphylococus aureus - consistency criterion of 75.0%, Sphingomonas
paucimobilis - consistency criterion of 50.0%). Four representatives were classified
as additional microbiota. Among them are Roseomonas aerofrigidens,
Staphylococcus epidermidis, Chryseobacterium taihuense and Acinetobacter junii
with criterion values of 44.8%, 37.5%, 31.3% and 25.0%, respectively. The

remaining species: Kocuria rhizophila, Brevibacterium rhamnosus, Acinetobacter



86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

pitti, Staphylococcus pasteuri, Brevundimonas aurantiaca, Neisseria flavescens,
Microbacterium paraoxydans, Microbacterium aurum, Commamonas aquatica,
Acinetobacter johnsonii, Sphingobacterium miltivorans, Rhizobium radiobacter,
Brevundimonas albigilva, Pseudomonas stutzeri, Staphylococcus intermedius,
Chryseobacterium hamamense, Kocuria marinae, Acidovorax temperans,
Streptococcus oralis, Acinetobacter ursungii, Microbacterium estacenum,
Moraxella catarrhalis, Sphingomonas panni were classified as representatives of
random microbiota, having C criterion less than 25%. To determine the conjugacy
of taxa for pairs of species belonging to the constant and additional microflora, the
Jaccard coefficient was calculated, the results of which were presented in the figure
(table 1). It was found that a synergistic nature of the relationship was determined
for four pairs of microorganisms highlighted in orange. Presented observations
demonstrate an example of a very rare and previously undescribed case of multi-
month colonization by a unique strain of Roseomonas aerofrigidens of a patient
with cystic fibrosis receiving targeted therapy. It is noted that before the start of
pathogenetic treatment, the patient had no episodes of excretion of the presented
microorganism. At the same time, from a clinical point of view, despite
colonization, the patient has not yet shown any deterioration in condition, both in
terms of subjective signs (absence of complaints) and from the standpoint of the
conclusion of computed tomography of the sinuses. It should be noted that, in all
likelihood, we are talking about isolated sinonasal colonization, since during the
entire observation period, we did not obtain any growth of the strain from sputum
or oropharyngeal samples.

4 Conclusion

In recent years, due to the optimization and improvement of quality of
microbiological diagnostics, the number of isolation of rare species of
microorganisms with unknown clinical significance has increased. To understand

their potential role in the development of infectious complications, it is necessary
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to accumulate experience in isolation and knowledge of their biological properties,
pathogenetic potential not only in isolation within microbiological laboratories, but
also by assessing the relationship between the indicated cases of strain isolation and
the clinical dynamics of the patient, the results of his instrumental and physical

examination methods.



TABJINLbI

Table 1. Jaccard coefficient for species isolated from patient K. during 18 months

of observation.

Species a b C q
S.paucimobilis + R.aerofrigidens | 8 7 5 50.0%*
S.paucimobilis + S.aureus 8 12 4 25.0%
S.paucimobilis + S.epidermidis | 8 6 2 16.7%
S.paucimobilis + C.taihuense 8 5 1 8.3%
S.paucimobilis + A.junii 8 4 1 9.1%
R.aerofrigidens + S.aureus 7 12 5 28.6%
R.aerofrigidens + S.epidermidis |7 6 4 44.4%*
R.aerofrigidens + C.taihuense 7 5 3 33.3%*
R.aerofrigidens + A.junii 7 4 1 9.1%
S.aureus + S.epidermidis 12 6 4 28.6%
S.aureus + C.taihuense 12 5 3 21.4%
S.aureus + A.junii 12 4 2 14.2%
S.epidermidis + C.taihuense 6 5 2 22.2%
S.epidermidis + A.junii 6 4 0 0%
C.taihuense + A.junii 4 4 2 33.3%*

a - number of samples in which the first microorganism was isolated; b - number of
samples in which the second microorganism was isolated; ¢ - number of samples in
which both microorganisms of the pair were isolated; g - Jaccard coefficient; * -

species for which synergistic relationships have been determined.
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Figure 1. Growth of Roseomonas aerofrigidens on OFPBL agar.
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Figure 2. CCI matrix for Roseomonas aerofrigidens strains isolated from patient K.
at3,5,6,8,9, 11 and 18 months of therapy.
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