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Disease progression

Co-infected fungi

Aspergillus spp. Co-infection can raise the difficulties of diagnosis, treatment, prognosis of

Candida albicans COVID-19 and even increase the disease symptom and mortality

Candida glabrata

Candida dubliniensis -’ .

Treatment and prevention
Candida parapsilosis sensu stricto ﬂ
Co-infected virus Candida tropicalis Targeted isolation and the correct antibiotic treatment

Chiamydia pneumoniae Candida krusei
Coronavirus (non-COVID-19) e v g
Coronavirus HKU1 (HKU1) &/ Diagnosis
Entera/Rhinovinus (hRV) > ‘ Virus co-infection Bacteria and fungi co-infection
Al LA — Indicators Indicators
e Lymphopenia Proinflammatory cytokines
P pesspneunxine fEN) Co-infected bacteria Prothrombin time (PT) L6
iience A Acinetobacter baumannii Lactate dehydrogenase (LDH) Calcitonin
otttk Actinomyces spp. Alanine aminotransferase (ALT) Interleukin (IL) -18
Mycopiasima preusnontas Klebsiella pneumoniae Aspartate aminotransferase (AST)  Tumor necrosis factor (TNF) -a
Parainfiuenza 1/2/3/4 Legionella pneumophila D-dimer Method
Respiratory syncylial virus (RSV) Rothia spp. Neutrophils Microbiological examination

Streptococcus spp. Eosinopenia

Veilionelia spp. C-reactive protein (CRP)

Troponin
Method
Microbial co-infection in COVID-19 RT-PCR

The influence of co-infection

Nature Public Health Emergency Collection

Public Health Emergency COVID-19 Initi ative
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Microbial species Coinfected microorganisms References
Virus Chlamyydia pneumoniae (Linetal 20207
Coronavims (nonCOVID-19) (Richardson et al. 2020)
Coronavirms HEKU1 (HEU1) (Wang et al. 2020a b)
Entero/thinovirus (hRV) (Fim et al. 2020)
HIN (Zbang et al. 20J0) * IlepBuuHas/BTOpUYHAS
H3IN2

OakTepuaabHask THEBMOHMUSI TIPH
BupycHoi nHdekiuu ot 11 10 35%

Human metapneumovinus (hMVPV)

Influenza A

Metapresmorirus (Klein, 2016)

Mycoplasma pneumeniae ° HpI/I SARS COV or 20 a0 70,6%

Parainfluenza 1/2/3/4 (Zheng, 2003)

Respratory syncytal vims (RSV) * SARS-CoV-2 - 7,7% (Zhang, 2020)
Bacteria Acinetobacter banmanmii (Zhang et al. 20200 ° SARS-COV-2 _ 11 % (Huttner, 2020)

Actigmices spp. (Guetal 20200

Klebsiglla preumioniae {Chen et al. 20207

Lagionella pneumophila

Rothia spp.

Streptococcus spp.

Veillonella spp.

Fungi Aspergillus spp. (Verweyj et al. 2020}
Candida albicans {Chen et al. 20207
Candida glabraia (Salehi et al 20207



Co-infections in people with COVID-19: a systematic review and meta-
analysis

Louise Lansbury,®* Benjamin Lim,? Vadsala Baskaran,®® and Wei Shen Lim°®

J Infect. 2020 Aug; 81(2): 266-275.
Published online 2020 May 27. doi: 101016/} jinf 2020.05.046
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Nosocomial infection among patients with COVID-19: A retrospective data
analysis of 918 cases from a single center in Wuhan, China
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Pathogen isolates 43 TABLE 3 List of bacterial co-infection with COVID-19
- Bacteri Infecti Refi
Coagulase negative staphviococcus 12 27.9 e s : crenees
v Staphylococcus Necrotizing pneumonia 152
A i 2 aureus
Actnetobacter S 20.9 Mycoplasma Exacerbate clinical 153
. preumoniae symptoms, increase
FPseudomonas agruginosa 6 14.0 morbidity and prolonged
intensive care unit stay
Enterococcus faecium 3 11.6 Legionella Pneumonia 154
pneumophila
Klebsiella pneumoniae 4 93 Enterobacter— Pneumonia 13
cloacae
™ - - - - Acinetobacter Pneumonia 146,155
Escherichia coli 2 4.6 A
. . Klebsiella Pneumonia 146
Candida albicans 2 46 pneumoniae
Mycoplasma Interstitial pneumonia 149
Mucor 2 46 pheumoniae
Mycoplasma Not reported 151
Other 1 2. pneumoniae
Legionella Not reported 151
Alortality 10 154 pneumophila
Streptococcus Not reported 151
preumoniae
Prevotella Not reported 156-158
Haemophilus Not reported 158,159
Lautropia Not reported 159
Cutibacterium Not reported 159
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GROWTH OF ANTIBIOTIC RESISTANCE IN THE HEMATOLOGY DEPARTMENT OF
CENTRAL KAZAKHSTAN DURING THE COVID-19 PANDEMIC

RLJ =1 30. Infections in hematology (incl. supportive care/therapy)
Keywords: [N RE)

Ludmila TURGUNOVA !, Anton KLODZINSKIYZ, Alena LAVRINENKO?3, Svetlana KOLESNICHENKO3, Nazar
SEIDALINZ2, Alena ZINCHENKO?

O rpamorpumarensHas ¢iopa

O pasnuuus B cTpyKType OaKTepHid 10 M BO BPeMsl TTaHICMUU:

= ysennuenue P. aeurogenosa c 29,7% no 55,3%

= pe3koe cHIKeHue pocta Enterococcus faecalis, ¢ 40,5% no 10,6%
" [OsBICHWE MITaMMOB P. aeurogenosa, mpomxynupyomumx

kapOanenemasbl 710 30,4% B nepuoj MaHAEMUM
= MRSA nocne mokaayHa ¢ 11,8% 10 35%
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* PyTuHHOE OMOXHMHYECKOE ONpPEACICHUE

* ABTOMAaTU3UPOBAaHHAs CUCTEMA

Nnentudukamusa+Ab
N nentudukamnus
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NpeHtnpukayma MO Ha MALDI-ToF MS

* MALDI Biotyper — nporpammHO-annapaTHbIi
KOMNANEKC, npeaHa3Ha4YeHHbIn ana bbicTpon
naeHTUPUKauMm MUKPOOPraHM3mMoB C
ncnonb3osaHnem MALDI-ToF macc-
cnektpomeTtpos cepun FLEX (ex: Microflex)

* MeTtopa BbiIABNAET YHUKANbHbIA Habop 6enkos
nccneayembix MUKPOOPraHM3mMos —
cB0e0bpa3HbIi KOTNEYATOK Nanbua»

*  WNaeHTUPMKauMa NPOMCXOAUT B OCHOBHOM Mo
pubocomanbHbim 6enkam, KOTopble
BCTPEYaoTCA BO BCEX MUKPOOPraHM3max

*  BuonHPOpMaUMOHHAA MOAENb OCHOBAHHAA HA aHanu3se 6enkos No3Bonser
HaAEXHO U TOYHO NPOBOAUTL NAEHTUDUKALMIO KOHKPETHOrO MUKPOOPraHu3ma Ao
BMAA NYTEM CONOCTaBNEHUA NONYHAaEMbIX MACC-CNEKTPOoB 6enkos ¢ 06WMpHOMI
6a30# AaHHbIX

- . % helena

LA




Mo pe3ynsTatam cBepku ¢ 6a3oi AaHHbIX, B
KOTOpOM umeetca nHpopmauua bonee yem ana | «
2500 KAMHUYECKM 3HaUUMBbIX Buaos MO (5600 | |
LWITAMMOB MUKPOOPraHM3MOB), CUCTEMA 2000000080008 |( s
BblAAeT pe3ynbrat naeHTUMPUKaLmMm c yuetom r
TOYHOCTU NPOM3BEAEHHON OLEHKN :
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Nporpamma Biotyper shien
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MpuHuMn Biotyper oCHOBaH Ha CONOCTaBAEHUU NONYYEHHbIX '—
MacC-CNeKkTpoB pubocomanbHbix BENKoB (zenerbie nukK) ¢
; 6a30# AaHHbIX COAEPKALUME AHANOMUYHbIE 3TANOHHbIE
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MALDI-Biotyper:

* [IONHOCTbLIO OTKpPbITAA CUCTEMA
e Huskaa crommocrtb naeHTudukaumm (3-5 pybnen)

* MuHUManbHaa NpobonoAroToBKa (HECKONBKO MUHYT):
NONHbLIA Npouecc uccneposaHuns 96 obpasuos 3aHumaer
30-40 muHyT

* HaHeceHue 06pa3uos, BbiCbiIXaHUe -10 MUHYT
e ABTOMaTUYECKUM aHanu3 — 20-30 MUHyT

e Pe3ynbrathl MaeHTUOMKaLMKM Ha 25-30% TouHee pe3ynbTaTtos Bak.
AHanu3aTopos

e OnpepenerHus bera-naktamasHou u KapbonumHemasHom
aKTUBHOCTHM (4acTUYHaAA aHTUOMOTUKOPE3UCTEHTHOCTD)
¢ [NocToAaHHOe pacwmpeHune 6asbl AaHHBIX
¢ MukobakTepum u MmuuenmnanbHbie rpubol

* Bo3moKHOCTb gobasnenus 8 6asy AaHHbIX CBOMX CMEKTPOB
(cozpanpl pycckue 6a3bl gaHHbIX Buoraitnep)

* BO3MOMHOCTb NPAMOro onpegenexHua Bo3byaurens B moue,
rEMOKY/IbTYpe, IMKBOpEe -

* laeHTUPUKALNA cMmecH U3 2-X MUKPOOPraHu3ImMos
* UHTerpauma B JINC

* MNopaepxka 6ap-kogUpoOBaHUA

* UuTerpauma c bak.aHanusatopamum (Walkaway, Phoenix, Vitek2)
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bitok-cXeMbl TPUMEHUMBIX TTPOLIETYP

Colony on
agar plate

Positive

blood culture

Urine
sample

Bacteria

noaroToBku oopasior B (MALDI-TOF MS)

BT »> Direct deposit N
|—> Suspected BSL3 (|  Tube inactivation [~
:;;E?::t »  Tubeextraction 9
|—> Mycobacteria >  Tube inactivation
Yeasts > On-target extraction |9
Molds ~#  Tube extraction >
Concentration/
purification
. Sho@ = Direct deposit{
incubation on-target extraction
Concentration/
®1 purification
~ Short Direct deposit/ | |
incubation on-target extraction

Buissacaid eyep pue uoiysinboe wniads piepuels




@ CpaBHuTesIbHASI XapaKTePUCTHKA: 3PPEKTUBHOCTD UCIIOIb30BAHIS
o mllﬂg Macc-criekTpomeTpa ¢ cuctemort MALDI Biotyper
SOIUtIONSy 4promariueckoro Gakrepuonoruyeckoro aHaJIM3aTopa

IIEpBUYHBIV IIOCEB BTOPWYHBIV I10CEB (IIepeceB)

o

60-90 cexyHp, 6-8 yacos

OKOJIO CyTOK OKOJIO 2-3 CYyTOK

) PP e

MO4a, JIIKBOP, ITOJIOKUTEJIbHBIE
HeT
reMOKYJIbTYPBbI, Kal

98-95% 85-75%

OJIHOBpeMeHHasl MIeHTUdMKaIVSA CMeCcu
2x KyJIbTyp pasHopopoBbix MO, mix k

MUKOOakTepmu, IpuOsl, Bupycel, MBT

Star BL, MBT RESIST, MBT ASTRA

oIipesiejieHMe aHTUOMOTUKO- |
pesucrenTHOCT MO !L

[
1600 npenTndnkamnmin MO 96 npenTndnkanit MO ‘
vl

15-25 tenre 2500 — 4000 teunre
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Cernicuc - 3T0 oIacHoe JIsl )KU3HU HapylleHue (PyHKIIMU opraHa,
BBI3BAHHOE HEPETYJIMPYEMOM peakiiuen xo3siuHa Ha nHdekiuto (BO3)

PyuHnoii meton ABTOMaTH3UPOBAHHBIN METO/
* 10 nnen e 5-7 nHen

* Aspo0Obl/aHa’poObI
* Bspocusie/netu

* Sygnal (5 nueit)

*  A»3poOHBII/aHa3pOOHBIN

e JlroOas Omonmormyeckas
KHUJKOCTh

 OOBEMEI




V) Nnentudukaius 0akTepuil U3 NOJ0KUTEIBLHON
*MICrO TE€MOKYJIETYPBI

solutions Ha6op MALDI Sepsityper™ Kit
NaeHTudukaumna Bakrepuit U3 NONOKUTENBHON NFEMOKYNLTYPbI )
. MNpamoe HaHeceHue ocaaka nocne ueHTpudyruposaHma H

. Npumenenune Habopa MALDI Sepsityper
* O6ecneynBaeT AOCTOBEPHbINA PE3YNLTAT B NONOKUTENbHBIX 06pa3uax reMoKkynsTyp.
* Npu aHanuse nHpexkumini Kposu, naeHtTudmkaumna byaer nposeaeHa Ha AeHb PaHblue No
CPABHEHUIO C «KNACCUHECKUMMUY METOAAMM.

Nporokon MALDI Sepsityper
1. Ot6epure 1 MmN réeMOKYNLTYPbI B PEAKUKHOHHYIO NPOOUPRY
2. Nobasbre Lysis Buffer, nepemewaitre u otuentpudyrupymnre
3. Do6aswre Washing Buffer nepemewainre u oruentpudyrnpyinre
4. Pacrsopure 0CanokK B sBoae
5. NposeauTe IKCTPaKUMIO BENKOB NO CTaHAAPTHOMY NPOTOKONY
Bruker ana paeHtTnduKaumm MMKpPoOOPraHmMImos
6. HanecuTe IMKN IKCTPAKTA HA MULLEHD M NOC/Ie BbIChIXaHUe
nokpownre csepxy HCCA-marpuuen

SAMFPLE PROCEDURE

TRLTA 0%

Dry
watiapial N, B ‘ 05 L matrix
19,500 2 min S

-
l!ﬂlml.

Blood culture  with CHARCOAL:

s e, *  Unentuduxanus 70-90% MUKpOOPraHU3MOB B

MOJIOKUTENIbHBIX 00pa3Iax reMoKyIbTyp.
*  Wnentuduxaius B MOMEHT MOSBIECHUS POCTA
MUKPOOPTaHU3MOB B KPOBH

= Pellet
Washing pellet 2
y P OURATK P 00g 5 min

IR FEENERTY ol laitin SONLACN 100% JRI00E:
1" 8min 18,5008 2 ’
min ~,

CsF %5
3
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Bpems, Heobxognmoe ¢ MOMeEHTa, Korga driakoHbl KPOBY
CUMUTAIOTCS NONOXKUTENbHBIMU

[hours] -
Clin Proteomics. 2020; 17: 14. PMCID: PMC7222329
80 Published online 2020 May 13. doi: 10.1186/512014-020-09275-7 PMID: 32435163
Mass spectrometry-based microbiological testing for blood stream
infection
70 +
Fumio Nomura ™! Sachio Tsuchida, Syota Murata, 2 Mamoru Sateh,! and Kazuyuki Matsushita?
51
60 7 55 CLINICAL
55 PROTEOMICS
L
40 -+
30 4
20 4
10 ‘
. ” N AT .|I|I ||| 1|||l

Before MALDI-TOF M5 [N=45) After MALDI-TOF MS (N=36)
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CpaBHeHNe pasnnyHbIX TEXHOMNOrMIA AN onpeaeneHns
YCTOMYMBOCTM K NPOTUBOMUKPOOHBLIM NpenapaTtam

Texnoaorna LOD YvecreurensHocTk CnenndmgHocts TAT Iewa /
(KOE ©) 2 &) 2 € obpaen (s)
£ M)
a
] - - -
MomesoymapHas 10=— 9609 0600 1-3  35-50°
TEHETHEA 2 iy L | Clin Microbiol Rev. 2019 Jan; 32(1): e00037-18 PMCID: PMCB302359
4 Published online 2018 Nov 28. dei: 10.1128/CMR._00037-18 PMID: 30487165
10
. Matrix-Assisted Laser Desorption lonization—Time of Flight Mass
BHonoMec e 6= 00-<c0 0a—-100 30 1-5 Spectrometry for the Rapid Detection of Antimicrobial Resistance
METOTEL 10 8 —m Mechanisms and Beyond
’ Marina Oviafio®®* and German Bou® b.x
-2
I
MMy HOAHATHIE 104~ 96-100 07-100 20 7-15% e Clinical Microbiology
106 . B 55, | Reviews'
JnexTposanameckse 10 6_ 0506 100 - 1 {mmoc 100
AHATHIEI 10 9 30 JOUIAPOE 33

MATLDI-TOF M5

MHH  CaMOTETEHVED
z
HHTATEY )

10 I 08-100 02-100 30 1-10

10 MHH
-3
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MeToabl AMarHOCTUKN aHTUOUOTUKOPE3NCTEHTHOCTH
Ha ocHoBe MALDI-TOF MS.

Antibiotics (Basel). 2021 Aug; 10(8): 982.
Published online 2021 Aug 14. doi: 10.3390/antibiotics 10080982

PMCID: PMC8388893
PMID: 344359032

MALDI-TOF Mass Spectrometry Technology as a Tool for the Rapid

Diagnosis of Antimicrobial Resistance in Bacteria

Eun-Jeong Yoen'23 and Seok Hoon Jeong?3”

Target Commercialized (Company)
Strategy Target . .
Resistance and/or Developing Products
o _ AUC 1 MBT-ASTRA (Bruker)
Antimicrobial , All ]
o _ shift spectra o _ MBT-Fesist (Bruker)
susceptibility testing . antimicrobials 7.3
(1sotope) DoT-MGA = {inv. 7)
ID of the AME. clonal Clone-specific Methicillin _
ClinProtTools (Bruker)
group spectra (MESA)
_ _ Beta-lactams MBT STARE-BL {Bruker)
ID of the modified Shift peak of the , B
o _ _ Cephalosporing  MBT STAR ™ -Cepha (Bruker)
antimicrobial drug modified drug B
Carbapenems MBT STAR ™ -Carba (Bruker)
_ Shift peak of the
ID of the modified _ o _ _
o ] modified drug Colistin AT DIxin test (inv.}
antimicrobial target
target
Direct detection of the  Protein-specific Aprﬂdetﬁmli EPC-CPE
_ Carbapenems N
AME. determinant peak (Aprilis)
, , Protein-specific ,
Biomarker detection Carbapenems ClinProtTools (Bruker)

peak
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i 12@—- 21063.227 ECO_TF.3 0:C7 MS, BaselineSubtracted, Smoothed
§ 10«): 22890 641
800
GO0 -
: 32273.679
Rzl 24284.751 28405.751 30991.188 33317.017 38931.127
- —VVU Y W
0~ T T T T T T T T T T T T T T T T T T T
20000 22000 24000 26000 28000 30000 32000 34000 36000 38000 an
P4
3 1000 22845.275 ECO_KPC-2 45 K 0:D1 MS, BaselineSubtracted, Smoothed
& 4
g soo| 20767.012 28717 932
S 4
600 -
‘ W
400- 26633.068
« L o soso683s 2433338 44474070 39018.039
200 W
0+
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Alode of Detection

Detection hMethods=

Culture-based dstection

Fazdiclogy based tecknology

hialecular technolozy

Immuncaszay technology

Technology under development

Sequencing technologias

MeTtonbl TectupoBanus SARS-CoV-2

Wiz propagation m cell lines

H-Fay

Chest Computad Tomography

Feal-Time RT-PCE

Izothermal amplification ¥ mm"rmﬁ
y <
CEISPR-Cas technolegy S - N e
5 = >
Lab-on-chip ¥ WA&M

Microarray NAAT

ELISA

ELIEA

MWeufralization azsay

Chemiluminescent zssay COVID‘1 9
Lateral Flow Assay DIAGNOSTICS

Dip-stick -
Xray/ CT
Aptamer ‘S08ss0ssssee
Molecular imprinting technology (MIT) - ese
crcamay N 338gsssssses
Microarray ‘900000000000
Biosensors Cell Culture NGS Sequencing Neutralizing Assay

MATDI-TOF profiling

Sanger-saquancing

Mexf-genaration saquencing

MNanopeore sequancing
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* Hwmskoe coneprxanue Oenka B Bupyce (Kliem
and Sauer, 2012 )

* 0oJjiee BBICOKAs MOJICKYIIIpHAs Macca
BUpYCHBIX OenkoB (> 20000 [a)

* Hcnonp3oBaHWE CTAaHIAPTHON MaTPHIIBI

(CHCA)

* AubTepHaTHBHAsA Marpulia (cuHamuHOBas kuciora (SA) (3- (4-ruapokcu-
3,5-TMMETOKCU(PEHUIT) TPOM-2-CHOBAs KHUCIIOTA)

e CoxpaHeHue BUPYCHON 000JIOUKH U O€JIKH, pa3pyiias PyHKIIMOHAIbHYIO
HYKJIEMHOBYIO KUCJIOTY ( 00JIydeHre npoOupok ¢ oopaznamu YO-C B
TeueHue 15 MuH)
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MouYa

* OcaxaecHue (yIaJeHHE HEXeNaTelIbHBIX 00bEKTOB: aIbOYMHH) alleTOHOM

* Hcnonb3oBanue nerepreHToB «LBSD-X» - pa3pyienre BupycHoi 000104Ku
U COJIFOOMITN3AINS BUPYCHBIX OCIIKOB
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