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TLR2 1 TLR4: META-AHAJ/IN3

C. B. Cmupnoga', JI. E. CasbunkoBa'’

! MHeruryT o6meit reneruku um. H. . Basuiiosa,
Poccust, 117971, MockBa, yu. I[yOkuHa, 1. 3
? HUU ob6ueii peannmarosoruu um. B. A. Herosckoro,
Poccust, 107031, Mocksa, yii. IlerpoBka, . 25, cTp. 2

Risk for Pneumonia and TLR2 and TLR4 Gene Polymorphisms: a Meta-Analysis

S. V. Smirnova', L. E. Salnikova'?

"V.N. Vavilov Institute of General Genetics
3, Gubkin St., Moscow 117971, Russia
? V. A. Negovsky Research Institute of General Reanimatology
25, Petrovka St., Build. 2, Moscow 107031, Russia

IIneBMOHMS SBJISIETCS OHOM U3 Hanbouee PpaciipoCTpaH€HHbIX I/IHCl)eKL[I/Iﬁ C BbICOKUM YyPOBHEM CMEPTHOC-
TH. HO]II/IMOD(bI/ISM T'€HOB TO]I]I-HOZIO6HI)IX PEUENTOPOB, OTHOCAIIUXCA K HepBOfI JIMHWUM 3alIUTbI HMMyHHOﬁ CH-
CTEMbBI, MOKET BHOCUTDH CyH.[CCTBCHHI)IfI BKJIa/l B MUHANBU/YAJbHYIO BapI/Ia6€JII)HOCTI) B CBA3U C PUCKOM pPa3BU-
Tus mHeBMOHUU. Ha CeFOL[HF[LLIIII/IIjI JIEHb 9TOT BOIIPOC HEJOCTATOYHO M3Y4Y€H, a UMEIOUIUECS JUuTepaTypHbie
JaHHble IPOTUBOPEYUBbI.

Iexnp uccaenoBanusi. Mera-aHain3 accoIMAIMU TOJUMOPMHBIX BAPHAHTOB F€HOB TOJII-TO0OHBIX PEIENTO-
POB ¥ PUCKA Pa3BUTHS THEBMOHUY U COITYTCTBYIOMINX el MH(EKIHnIL.

Metozst. /1715t 06HAPYIKEHNS BO3MOKHO ACCOMMAIINHT PUCKA PA3BUTHSI THEBMOHII U COIYTCTBYIOMINX NH(DeK-
Ui ¢ oHOHYKIeoTHAHbIMY TTosMopduamamu (SNP) B renax TLR2 rs5743708 (2258 G>A; Arg753Gln) u TLR4
54986790 (896A>G; Asp299Gly) 6bi BbIioIHEH MeTa-anasiu3. B nccienosanue 6610 BoyeHo 2312 (682 ma-
muenta / 1630 nunausumxyymos kouTposbroil rpytsn) u 3075 (910/2165) npencraBuresieil eBpOIIEOUIHON Pachl
st Kakoro SNP coorBerctBento. Tak Kak 4acTOTa MUHOPHBIX ajresieil 060MX TOMMMOPGHBIX BAPHAHTOB CO-
CTaBJIsSIET MEHee 5%, aHAJI3 BBIIIOJHEH TOJIBKO /ISt IOMIUHAHTHON TeHETHYECKOIT MOJIEIH.

Pesyabrarel. [Ipu ananuse obieit rpymnibt amieb A reda TLR2 (rs5743708) nokaszas accolMaImio ¢ pucKomM
passutust mueBmonnu (OR=1,90, 95% /IU: 1,02—3,54, p=0,042), B T0 Bpems kak st reda TLR4 (rs4986790) ac-
COIMAINK ¢ TTHEBMOHUEH BbIsABIEHO He ObL10. [Ipn aHamse moArpyn (eTu,/B3pocible U BHEOOIbHIUYHAS TTHEB-
MOHUSI/HO30KOMUAIbHAS TTHEBMOHUSI ) 3HAYUMbIE 3(h(DEKTBI OTCYTCTBOBAJIN.

BoiBoabl. Asiens A rena TLR2 (rs5743708) moskeT ObITh (aKTOPOM PUCKA BOCHPUMMUYUBOCTH K THEBMOHUH.
JlaHHble pe3yJbraThl UMEIOT MEePCIEKTUBBI /U1l UX UCIIOJIb30BAHUS B KIMHUYECKON ITPAKTUKe, O/THAKO, B CBI3H C
BBICOKOI IreTepPOreHHOCThIO U HEJOCTATOYHBIMU Pa3MepaMu BBIOOPOK, TPeOYeTCs TOATBEPIKAECHUE OTUX PE3YJIbra-
TOB B IQJIbHEHIITIX MCCIETOBAHUSX.

Knroueevte cnosa: TLR2; TLR4; nonumophusm; nHeeMoHust; mema-ananus

Pneumonia is one of the most common infections with high mortality rates. The gene polymorphism of Toll-
like receptors that belong to the first line of defense of the immune system can make a considerable contribution
to individual variability due to the risk of pneumonia. Today this issue has not been adequately explored and the
data available in the literature are conflicting.

Objective: to carry out a meta-analysis of the association between Toll-like receptor gene polymorphic vari-
ants and the risk of pneumonias and its coinfections.

Methods. A meta-analysis was carried out to detect a possible association of the risk of pneumonia and coin-
fections with single nucleotide polymorphisms (SNP) in the TLR2 (1s5743708 (2258 G>A; Arg753GlIn) and TLR4
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(4986790 (896A>G; Asp299Gly) genes. The investigation enrolled 2312 (682 patients/1630 control individu-
als) and 3075 (910/2165) Caucasians for each SNP, respectively. As the rate of minor alleles of both polymorphic
variants was less than 5%; the analysis was made only for a dominant genetic model.

Results. Analysis of the study group showed that the A allele of TLR2 rs5743708 was associated with the risk of pneu-
monia (OR = 1.90; 95% CI: 1.02—3.54; P=0.042) while TLR4 rs4986790 was not associated with pneumonia. Analysis of
subgroups (children/adults and community-acquired /nosocomial pneumonia) revealed no significant effects.

Conclusion. The A allele of TLR2 rs5743708 may be a risk factor for susceptibility to pneumonia. These results
have promises for their clinical application; however, due to the high heterogeneity and insufficient sizes of sam-
ples, these results need to be confirmed by further investigations.
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BBenenue

[IneBMOHMSA ABJIAETCA OCHOBHOHM IPUYNHON
CMEPTHOCTH CPEAN MH(MEKITMOHHBIX 3a00JI€BaHUN ISt
TIpe/ICTaBUTENell BCeX BO3PACTHBIX TPYIII, TIPU 3TOM
MOKa3aTeJ I CMEPTHOCTH BapbHpyioT oT 5 110 20% [ 1, 2].
Hecmotps Ha mocTosiHHOE COBEpIICHCTBOBAHUE METO-
JIOB INATHOCTUKH, TIPUMEHEHUE BHICOKOA(PGHEKTIUBHBIX
AHTUOAKTEPUATBHBIX TIPETIAPaToOB, YPOBEHb CMEPTHOC-
TH OT ITHEBMOHHUM OCTaeTCs BLICOKMM |3, 4]. Pazsiu-
Hble (haKTOPbI, XapaKTEPU3YIOIe 0COOEHHOCTH Opra-
HU3Ma TMAIMEeHTa, MOTYT BJAMSATH HA BOCIIPHUMYUBOCTD
K TTHEBMOHUH; CPEN TaKUX (haKTOPOB HA3BIBAIOT TIO-
JKUJION BOBPACT, COIYTCTBYIOIME 3a00JI€BAHUS, JIUC-
(byHKIMIO TTIOTAHUSA, HyTPUTUBHBIN cTaTyc U addex-
TUBHOCTb WMMYHHOTO OTBeTa Ha WHQEKIIHIO.
BposkneHHbIIl UMMYHHBIN OTBET MHUIIUAPYETCS MaK-
podharamu 1ryTeM pacrio3HaBaHuUsl IATOTEHOB, UX (haro-
IIUTUPOBAHUS U CEKPelNU MeAUATOPOB BOCHAJICHUSL.
IPhEKTIBHOCTh OTBETA 3aBUCUT OT PACHO3HABAHUS
TTATOTCH-ACCOITMUPOBAHHBIX MOJICKYJIIPHBIX TaTTep-
1o (PAMPs), koTopble TO3BOJISIOT OT/INYATh NH(EK-
IIMOHHBIE areHThbl OT (DAKTOPOB BHYTPEHHEN Cpelibl Op-
raHW3Ma W Pasjinyarh TATOTEHBI MeXIy coOoi [5].
[lepBuunoe pacrosHaBanme WHGEKITMOHHBIX areHTOB
MMMYHHOW CHCTEMOW OCYTIECTBJISCTCS TIAaTTEepH-pac-
TMO3HAIONIMU PEIENTOPAMU BPOKIEHHOTO MIMMYHHUTE-
Ta. [eHeTnyeckass MI3MEHUYNBOCTb TEHOB CHUCTEMBI pac-
TTO3HABAHNS TATOTE€HOB, TPETIONOKITENTHHO, MOKET
YACTHIHO OOBSICHUTD MHIMBU/YATbHBIE PA3THUNST BOC-
MIPUMIMYNBOCTH K MH(DEKIINSIM.

Haunbosiee M3yueHHBIM KJIaCCOM MATTEPH-pac-
TIO3HAIOIINX PETENTOPOB SIBJSIOTCS TOJI-TIO00HDIE
petterrropst (TLR), nazsamusie B yects Toll perterrropa
Drosophila melanogaster, urparoiiero BakHyo poJib B
3allUTe OPraHU3Ma MyXH MTPOTHB IPUOKOBBIX MH(pEK-
it [6]. Tomm-momo6ubIe pererrropst (TLRS) mpunaz-
JIesKaT K TPYTITe TTaTTePH-PACTIO3HAIOINX PEIENTOPOB,
KOTOPBIE OIPEENIAIOT OaKTePHAbHBIE, BUPYCHbIE WM
IpUGKOBBIE MOJIEKYJISIPHBIE CTPYKTYPbI MJIM HYKJIEH-
HOBBIE KHUCJIOTHI M 3aITyCKAIOT CUCTEMHOE BOCTIATIEHHE
[7]. ¥ genoBeka ommcano necath TLRs, kKoTopbie oTmm-
YAIOTCS CIOCOOHOCTBIO K PACIO3HABAHUIO BUPYCOB,
Gaxrepmit, rpu6oB 1 npocreimux [8—14]. SNPs B re-

Introduction

Pneumonia is an infectious disease that ranks in
the top-10 leading causes of death, with estimated
mortality rates varying between 5 and 20% [1, 2].
Despite the increasing development of diagnostic
techniques and the use of highly effective antibacte-
rial drugs, pneumonia fatality rate remains high |3,
4]. Many different host factors may play a role in the
variability in susceptibility to pneumonia, including
an increasing age, comorbidities, swallowing dys-
function, nutritional status and the effectiveness of
the immune responses to infection. The innate
immune response is initiated by macrophages via
recognizing pathogens, phagocytosing them, and
secreting inflammatory mediators. Effective
response requires the recognition of pathogen-asso-
ciated molecular patterns (PAMPs) to distinguish
the infectious agents from self, and discrimination
among pathogens [5]. An initial recognition of infec-
tious pathogens by the innate immune system is
mediated by germline-encoded pattern-recognition
receptors. Genetic variability in the pathogen recog-
nition system is thought to partially explain individ-
ual differences in the susceptibility to infections.

The first and most studied class of pattern-
recognition receptors is that of the Toll-like recep-
tors (TLRs), named after the Toll receptor of
Drosophila melanogaster, which is important in the
host defense of the fly against fungal infections [6].
Toll-like receptors (TLRs) are one class of pattern
recognition receptors that sense bacterial, viral or
fungal molecular structures or nucleic acids and
induce systemic inflammation [7]. There are ten
human TLRs that have been characterized by their
specific ability to recognize viruses, bacteria, fungi,
and protozoa [8—14]. SNPs in the toll-like receptor
genes might affect the transcription, synthesis, trans-
port and secretion of corresponding proteins, and
consequently influence susceptibility and outcomes
of infection. Genetic polymorphisms of toll-like
receptors have been shown to be associated with sev-
eral infectious and/or pulmonary diseases such as
tuberculosis [15], asthma [16] and respiratory syncy-
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HaX TOJUI-MIOZOOHBIX PELENTOPOB MOTYT BJIMSATH Ha
TPAHCKPHIIIHIO, CHHTE3, TPAHCIIOPT U CEKPEINIO COOT-
BETCTBYIONINX OEJKOB, U, CJIEOBATEIBHO, HA BOCIIPH-
UMUYUBOCTh K MH(MEKIMN 1 ee UCXO/. BbLio 1okasaHo,
4TO [OJMUMOP(HBIE BAPUAHTHI TEHOB TOJLI TOJAO0OHBIX
PEIENITOPOB, aCCOIMNPOBAHBI C HECKOJIBKIMHU MH(DEK-
[[MOHHBIMH, B TOM YHCJIE U JIETOYHBIMU, 3200 I€BAHUSI-
MM, TAKUMU Kak TyGepkyses [15], actva [16] u pecnim-
paTtopHO-CHHIIUTHAIbHAS BUpycHas nHbpeknua [17].
HenaBuue nccireioBanmst UI3y4niy acCOIMAIINIO MeXK-
ny TLR2 n TLR4 momuMopdu3MOM U PUCKOM pasBU-
Tust nHeBMonuu [18—28], oanako pesysbrarbl ObLIK
ITPOTUBOPEYHBBL.

B Hacrosmem uccaeloBaHUN MBI TIPOBOANM
MeTa-aHaJIN3 acCOIMAIMK TOJNMOPGHBIX BapHaH-
TOB I'€HOB TOJUI-IOZI0OHBIX PEIENITOPOB U PUCKA Pa3-
BUTHS THEBMOHUH U COIYTCTBYIOMINX €l NH(MEKIINH.

MaTepI/IaH 1 METO/1bl

ITouck, BKIIOYEHHE U UCKIIOYEHHE IIy OIUKaIMii.

CucreMaTinyecKnii MONCK OPUTHHAIBHBIX acCOIMATHB-
HBIX UCCJIEI0OBAHUI TosIMOophr3Ma reHoB «TLR» 1 TTHeBMO-
HIH, & TAKKe TTHEBMOKOKKOBO# HHMEKINI ObLI [IPOU3BEIEH
¢ omornpio 6a3 panubix NCBI, Google Academia n HuGE
Navigator (TocjiefHMIT TOUCK OCYIIECTBIIAICS 24 WO
2015). B momcke MCIoab30Bagin TEPMUHDL <ITHEBMOHUST,
«BocHasleHne Jerkux», <«mnoaumopdusm TLR». Ccbuiky,
NPUBE/IEHHbIE B OA00PAHHBIX CTAThAX, TAKKE TPOBEPSLINCH
BPYUYHYIO C IIEJIBI0 HAXOXK/ICHUS JIOTOJTHUTEIBHBIX CTATEHl.
[Ipu aTOM KpUTEpUsIMHU BKIIOUeHNUs1 Ol 1) nccienoBatie
JIOJDKHO MMeTh IN3aliH CJIy4aii-KOHTPOJIb MM KOTOPTHBIN
TUI 1 U3y4aTh accoruarum Mesky rnosmmopdusmom TLR u
ITHEBMOHUEN C COMYTCTBYIONMMU WH(DEKIUSIMU, 1 2) HAJIM-
qiie JIAHHBIX TEHOTUIUPOBAHUS IS BBIYMCIECHUS OTHOIIIE-
nust marncos (OR) ¢ 95% noBepuTtenbibiM nntepsaiom. /st
KaK/I0il MyOJIMKaIni, BKIIOYEHHOI B MeTa-aHajius, Oblia
MoJIydeHa cJie/yomiast uHhopmarust: (haMuIns 1epBoro aB-
topa, rox usnanust, TLR SNP, kosmyecTBenHbie 1 Kavyect-
BEHHbIE XapaKTEePUCTUKHN MAIMEHTOB U KOHTPOJILHOI TPYTI-
IIbl, /IAHHbIE TEHOTUITMPOBAHNSI.

CraTucruyeckuii aHamus.

CratucTuyeckuii aHanus ObIJI BHITIOJHEH € TTOMO-
mpto OecraTHoro makera mporpamm WinPepi [29] u
CTATUCTUYECKOro nporpammuoro obecrevenuss R [30],
naket META [31]. [lsi1 KOHTPOJIbHBIX TPYIIII IIPOBO/U-
Jlach OlleHKa paBHOBecusi 110 Xapau-BaiinGepry ¢ uc-
noJsib3oBaHueM kpurepust x> IdderTs Kaka0TO reHe-
THYECKOTO BapHaHTa MCCIEZOBANNCH TOJBKO IO
poMuHauTHON Monenn nacaepoBanus (00 nporus 01 +
11, r.e. renorun GG nporus GA+AA s rs5743708;
resotun AA mportuB AG+GG mus rs4986790), mo-
CKOJIbKY yacToTa ajieneii usydaembix SNP Gbiiia corii-
KOM HU3KOIi, 4TOOBI IIPOAHAIM3UPOBATD U APYTUE TeHe-
THUYECKHe MOJean. [eTeporeHHOCTh UCCAeOBAHUI
orenuBasach ¢ momoimbio Q kpurepusi Koxpena u 1. B
CBSI3W C BBICOKOW HEOIHOPOAHOCTBIO MCCIEAOBAHUI
(I’>50%) BO Bcex ciydasx MPUMEHSJIACh MOJEAb CJIy-
dalinbix 9 hexToB. YpoBeHb 3HAUUMOCTH ObLIT ycTa-
Hossien P-value <0,05 3a McKIOUeHHMEM 3HAYUMOCTU
npu otieHKe rereporenHoctu (P-value <0,10) [32]. [lus
uccaenyembix SNP (rs5743708, rs4986790) mera-ana-

tial viral infection [17]. Recent investigations have
examined associations between TLR2 and TLR4
polymorphisms and the risk of pneumonia [18—28]
with inconsistent results.

In this study, we conducted a meta-analysis to
assess possible contribution of genetic variations in
toll-like receptors in the risk of infection and inva-
sion of pneumonia-related pathogens and the devel-
opment of pneumonia.

Materials and Methods

Publication search, inclusion and exclusion.

A systematic search for original research investigating
the association between TLR polymorphisms and pneumonia,
and /or pneumococcal infection was made by using the NCBI,
Google Academia and HuGE Navigator databases (the last
search was July 24, 2015). We used the terms: «<pneumonia»
OR «lung inflammation» and «TLR» and «polymorphism»
OR <«polymorphic»> OR «variant> OR «locus» OR «<allele»
OR «SNP». References cited in the retrieved articles were
also screened manually to identify additional eligible stud-
ies.The inclusion criteria were: 1) a case-control study or a
cohort study focused on the association between the TLR
polymorphism and pneumonia, and/or pneumococcal infec-
tion, and 2) enough genotype data to calculate odds ratio
(OR) with its 95% confidence interval. The following infor-
mation was obtained from each publication included in the
meta-analysis: first author's name, the year of publication,
TLR SNPs, quantitative and qualitative characteristics of
cases and controls, genotype data.

Statistical analysis.

Statistical analysis was conducted by WinPepi free-
ware package of programs [29] and the package Meta [31]
of the R statistical software [30]. HWE (Hardy-Weinberg
Equilibrium) test in the healthy controls was conducted
with y* test. We examined the effect of each genetic variant
using only dominant model (00 vs. 01+11; GG vs. GA+AA
for 1s5743708; AA vs. AG+GG for rs4986790), since the
frequency of variant alleles of the studied SNPs was too
low to analyze other genetic models. Heterogeneity of the
studies was assessed by Cochran's Q-statistic test and I*-
test. Since heterogeneity between studies was high
(I"250%), a random model was applied. Significance was
set at a P-value of <0.05 except in heterogeneity estima-
tion (P value of <0.10) [32]. Meta-analysis was conducted
for the both analyzed SNPs (rs5743708, rs4986790) in the
overall group. We performed also a sensitivity analysis
exploring the overall effect after exclusion of each study in
turn. The subgroup analysis included the analysis in (i)
adult and pediatric groups, (ii) CAP and NP groups.
Publication bias has not been assessed because of low sen-
sitivity of these tests due to lower than ten the number of
studies [33].

Results and Discussion

A total of 11 full-text articles were included in our
meta-analysis. All the studies were performed in
Caucasian populations. Main characteristics, including
first author, publication year, studied genes and SNPs,
sample size, source and characteristics of controls, spe-
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Ta6auna 1. XapakTepuCTHKH BKJIIOYEHHDBIX B aHAJU3 CTaTell, H3yyaomux acconuanuu nomumopdusmos TLR2 u TLR4
C pa3BUTHEM THEBMOHHH PAa3JIMUYHOIO reHe3a, COMYTCTRYIOIMX UH(EKIMIl 1 MHBA3UBHOI THEBMOKOKKOBOIi 00JIE3HBIO.
Table 1. Characteristics of the included articles that studied associations of TLR2 and TLR4 polymorphisms with
pneumonia-related infection and pneumonia development.

First author, year Genes (SNPs) Case (n), Control (n), Source Controls Pneumonia Outcome
age age controls type
Hawn 2005 TLR2 (rs4986790, 102, adult 495, adult HB Healthy CAP Legionnaires' disease
1s4986791)
Moens 2007 TLR2 (rs5743708), 72, adult 178, adult PB Healthy CAP Pneumonia in patients with
TLR4 (1s4986790) invasive pneumococcal disease
Yuan 2008 TLR2 (1s5743708), 85, 409, NA NA Healthy — Diseases / complications
TLR4 (rs4986790, pediatric of various localization
rs4986791) caused by pneumococcus
Endeman 2009 TLR2 (rs5743708), 200, adult 313, adult HB Healthy CAP Community-acquired
TLR4 (rs4986790) pheumonia
Carvalho 2009 TLR2 (rs5743708), 87, adult 134, adult HB No viral infection NP Viral pneumonia
TLR4 (rs4986790) in allogeneic stem in allogeneic stem
cell transplantation cell transplantation
Kumpf 2010 TLR4 (rs4986790) 159, adult 176, adult NA Healthy VAP Ventilator associated
pneumonia
Esposito 2012 TLR2 (rs5743708), 18, 164, HB Healthy CAP Pneumonia in children
TLR4 (rs4986790, pediatric pediatric infected by the pandemic
rs4986791) A/H1N1/2009 influenza virus
Telleria- TLR2 (rs5743708), 92, 66, HB Healthy —* Pneumonia and sepsis in patients
Orriols 2013 TLR4 (rs4986790) pediatric pediatric with Spneumoniae infections
Misch 2013 TLR2 (rs5743708)  94,adult 262, adult NA Healthy CAP Legionnaires' disease
Rodriguez- TLR4 (rs4986790, 44, adult 126, adult NA Healthy —* Intra-abdominal infection
Osorio 2013 rs4986791) and/or pneumonia
Schnetzke 2015  TLR2 (rs5743708), 51, adult 104, adult HB  Patients with NP Pneumonia in patients
TLR4 (rs4986790) acute myeloid with acute myeloid

leukemia after
induction chemotherapy

leukemia after
induction chemotherapy

Note: HB — Hospital-based; PB — Population-based; NA — Not available;, CAP — Community-acquired Pneumonia; NP —
Nosocomial Pneumonia; VAP — Ventilator-Associated Pneumonia; * — mixed case groups.

IIpumeuanue: First author year — nepsbiii aBrop, rox (to ke B Taba. 2); Genes — renpr; Case — 6osbhble (TO ke B Tabr. 2—4);
Control — kourposb (10 ke B Tabm. 2—4); age — Boapact; Source controls — mcrounuk kourtpousi; Controls — KOHTpPOJIb;
Pneumonia type — tun naesmonuu; Outcome — Hozosmornueckast hopma; adult — B3pocasie (To ke B Tabu. 4); pediatric — geru (To
ske B Tabu.4); HB — rocumranpusiii; PB — nonyssiunonnstit; NA — ner nanusix; Healthy — 3gopossie; No viral infection in allo-
geneic stem cell transplantation — orcyrcrBue BUPYCHON MHOEKIMHU T10CJAE TPAHCIIAHTAIIMU AJJIOTEHHBIX CTBOJOBBIX KJIETOK;
Patients with acute myeloid leukemia after induction chemotherapy — 6osbHbIe ¢ ocTpoil MuesOuHON JeiikeMueil ocae HHIYK-
uonHoi xumnorepanui; CAP — BaeGosmbHnuHas nHeBMOHYS; NP — HO30KOMuasibHast mHeBMOHMs; VAP — BeHTUIIATOp-acconum-
poBanHas nHeBMoHUs; Legionnaires' disease — 6osie3Hb siernonepos; Pneumonia in patients with invasive pneumococcal disease —
[THEBMOHHUs y GOJILHBIX ¢ HHBA3UBHOMN ITHEBMOKOKKOBOIT 6osieanbio; Diseases/complications of various localization caused by pneu-
mococcus — 3a60JeBaHUS /OCTOKHEHNs PA3IMIHOI JIOKAIU3a1IH, BhI3BaHHbIE THeBMOKOKKOM; Community-acquired pneumonia —
BHeOGoIbHIYHAsE THeBMOHU; Viral pneumonia in allogeneic stem cell transplantation — BupycHast mHeBMOHUS 110CJI€ TPAHCILIAH-

TAlMM JUTOTEHHBIX CTBOJIOBBIX KaeTok; Ventilator associated pneumonia — BeHTHIATOpP-acCONMMUPOBAHHAS ITHEBMOHUS;
Pneumonia in children infected by the pandemic A/H1N1,/2009 influenza virus — nHeBMOHUS y jieTell, HHPUIIMPOBAHHBIX BUPY-
com rpunna A/HIN1/ 2009; Pneumonia and sepsis in patients with S.pneumoniae infections — nueBmonust u cencuc y 60JIbHBIX €

undexuueii S.pneumoniae; Intra-abdominal infection and/or pneumonia — nnrpa-abgomMunaibHast UHGEKIUS U / UK THEBMOHUS;
Pneumonia in patients with acute myeloid leukemia after induction chemotherapy — nHeBMOHUS y GOJBHBIX ¢ OCTPON MUETOU]-
HOIi JiefikeMuell mocsie MHAYKIIMOHHON XumuoTeparniu; ¥ — mixed case groups — cMelaHHble TPYIITbI HOJNbHBIX.

JIN3 TIPOBOAMJICS B OOINX TPYTIIAX, & TAKJKE B TTOATPYTI-
nax, 0ObeIMHEHHBIX 0 BO3PACTY W THUILY MHEBMOHUMU:
netu,/B3pocibie, Buebonpurynast (BIT)/ Ho3okoMuaib-
Hag maeBMonus (HIT). Kpome Toro Mbl mpoBesin aHamm3
YYBCTBUTEIBHOCTH, N3yvasi n3MeHenne apdexra myrem

cific type and characteristics of pneumonia are present-
ed in Table 1. The eleven studies were composed of eight
adult and three pediatric studies. Pneumonia was
addressed in the context of Legionnaires' disease, inva-

MOCJIeOBATEJIbHOTO UCKJIIOYEHUS JTaHHBIX KasK/[OT0O MC-
ciaepoBanus U3 obOuero anaausa. CucreMaTU4eCKas
ombKa, CBI3aHHAsA C MPEANOYTUTETBHON MyOIIKAIK-
eil OJIOKUTENbHBIX Pe3yIbTaToB nceaepoBanus (publi-
cation bias), He oleHMBasach M3-3a HU3KOH YYBCTBU-
TEJIbHOCTU TecTa Ilpl/l KoJinyecrtBe l/lCCJleLlOBaHI/lI‘/JI
MeHblle gecsatu [33].

sive pneumococcal disease, viral infection, and other
very heterogeneous clinical conditions. Five groups of
investigators studied CAP, three studied NP, and other
studies analyzed mixed cases or did not give any infor-
mation on which type of pneumonia was studied. For
outcomes with more than two available studies relevant
to selection criteria, a meta-analysis was performed for
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33 citations identified
through database searching
and literature analysis

| 33 records screened

——

16 records excluded:
e 2 meta-analisis,
® 5 not relevant to pneumonia,
o 3 animal studies,
® 4 reviews,
e 2 genotyping data are not available

17 full-text articles

retrieved for detailed
evaluation

6 full-text articles excluded:
e TLR 1, 3, 5, 9 polymorphism

11 studies included
in meta-anallysis

Puc. 1. [locnenoBateabHOCTh HOAGOPA IUTEPATYPHI.
Fig. 1. Flowchart of literature search.

Ipumeuanue: 33 citations identified through database searching and literature analysis — 33 1urupoBanus, onpe/IeNeHHbIX ¢ HOMOIIBIO
noucka 6a3 JaHHBIX U aHaau3a Jutepatypsl. 33 records screened — 33 paGorsl npoananusuposansl. 17 full-text articles retrieved for
detailed evaluation — 17 mosiHOTEKCTOBBIX CTaTEll, BRIGpAHHBIX /UIst JeTanbHoll onerku. 11 studies included in meta-anallysis — 11 uc-
coIel0BaHnil BKIIOYCHBI B MeTa-aHasms. 16 records excluded: 2 meta-analisis, 5 not relevant to pneumonia, 3 animal studies, 4 reviews, 2
genotyping data are not available — 16 paGor nckioueHsl: 2 MeTa-aHanIN3a, 5 He CBSI3aHHBIX € THEBMOHMEN PaboT, 3 UcciIeI0BaHNs Ha
SKMBOTHBIX, 4 0630pa, 2 pabotbl Ge3 ganubix renotunuposanust. 6 full-text articles excluded: TLR 1, 3, 5,9 polymorphism — 6 nosnorex-

cTOBBIX crareit nckmiodenst: TLR 1, 3, 5, 9 nomumopdusm.

Pe3ysbraTel 1 00Cy KI€HHE

Beero B panublii Meta-aHam3 ObLIO BKIIIOYEHO
11 mosIHOTEKCTOBBIX cTareil. Bee viccaenoBanust 6p11H
TTPOBE/ICHBI Ha TTPECTAaBUTEIISAX eBPOMICONTHON PACKHL.
OcHOBHbIE XaPaKTEPUCTUKK BKJIOUEHHBIX HCCIIE0-
BaHuit (paMusms nepBoro aBTopa, Toj] U3laHus, U3y-
veHHble TeHbl 1 SNP, pasmepbl BBIGOPOK, UCTOUHUK U
XapaKTePUCTUKI KOHTPOJBHBIX TPYIT, TUT W Xapak-
TEPUCTHUKA [THEBMOHUM) NIpe/cTaBieHbl B Tabiuie 1.
W3 mannpix uccaeoBanuil 8 mpoBeieHbI Ha B3POCTIBIX
BBIGOPKAX, 3 — Ha jieTcKuX. [[HEBMOHMS paccMaTpu-
Bajach B KOHTEKCTe GOJIE3HU JIETMOHEPOB, MHBA3WB-
HOHM ITHEBMOKOKKOBOH MH(EKITNN, BUPYCHOU MH()EK-
UM U JIPYyrux PasHOOOPas3HBIX KJIMHUYECKUX
yeaoBuil. ITsth paGoT mocssitenb! naydennio BIT, tpu
pabotsr paccmarpusaan HII, B ocTaabHBIX HCCIeno-
BaHMSIX AHAJTM3UPOBATIMCH CMETAHHbIE TPYIIIbI MAl1-
€HTOB WJIM THIl ITHEBMOHMN He YKasbIBajcs. Mera-
aHaJIU3 TIPOBOMUIICS JIJIsi OIeHKH accormanuu SNP
rs5743708 (TLR2) n 1s4986790 (TLR4) ¢ pasButnem
ITHEBMOHUY 1 COITYTCTBYIOMINX MH(DEKIUI B TPyIIHax
6oJiee 4eM ¢ IBYMSI JIOCTYITHBIMU UCCJIEAOBAHUSIMU 110
kputeprsiM ot6opa. YeTbipe paboThl TakKe comepska-
gu  waGopmarmio g 154986791 (1196C>T,
Thr3991le) rena TLR4, oiHaKo B JaHHBIX UCCIIEI0BA-
HUSIX B OOIIEil CJIOKHOCTH BCETO [ECSTh Y€I0BEK Obl-
JIU HOCUTEJIIMA MUHOPHOTO aJlJIeJisl, B CBSI3U C YeM
MeTa-anamus s TLR4 1s4986791 ve mpoBouics.

Ha pucynke 1 npezcrasiien mpoiiecc moabopa u
BKJIIOUEHUS UCCIIE0BAHUI B BUjie OJIOK-CXEMBbI B CO-
orBercTBun ¢ npuHimnamu PRISMA [34]. Mera-
aHanu3 ObLI mpoBedeH g 682 mamuenTtoB u 1630
TIpe/IcTaBuTe/Iell KOHTPOJIBHOW TPYNIIBI B MCCIIEO0-
Banuu TLR2 rs5743708 u 910/2165 unauBuyymos
npu aHanuze nosumopdusma TLR4 1s4986790. B

SNPs 15743708 (TLR2) and rs4986790 (TLR4) and the
risk of pneumonia-related pathogens invasion and/or
pneumonia development. Four studies also included
information for rs4986791 (1196C>T, Thr3991le) in the
TLR4 gene, however, in four samples, only ten subjects
total carried minor genotype. Therefore, a meta-analysis
was not performed for TLR4 rs4986791.

Figure 1 outlines the study selection process in a
flowchart following PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses)
guidelines [34]. Meta-analysis was conducted for 682
patients and 1630 controls in the study of TLR2
1s5743708 and for 910 patients and 2165 controls in
the analysis of TLR4 rs4986790 polymorphisms. Table
2 lists the genotype frequencies for the studied SNPs.
The genotype distributions in the controls of all stud-
ies were consistent with HWE except for one study
(TLR4 rs4986790) [35].There was a variation in the
variant allele frequency in the different studies rang-
ing from 0.009 to 0.144 for rs5743708 and from 0.016
to 0.184 for rs4986790. Minor allele frequencies for
both studied SNPs were in line with the HapMap data
for Caucasian populations: 0.052 for rs5743708 allele
A and 0.033 for rs4986790 allele G (http://www.
ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=5743
708; http://www.ncbi.nlm.nih.gov/projects/SNP/
snp_ref.cgi?rs=4986790).

Figure 2 shows the summary effects across the
comparisons of the studied polymorphisms TLR2
(rs5743708) and TLR4 (rs4986790). Heterogeneity
was rather high with I* varying in the range of
54.7—66.5%. In these conditions, we considered
only a random model. SNP 1rs5743708 (dominant
model) was associated with pneumonia risk
OR=1.90,95% CI: 1.02 — 3.54, P=0.042. Results for
rs4986790 were non-significant.
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Ta6auna 2. YacToTbl TeHOTUIIOB BO BKJIIOYEHHBIX B METa-aHAIN3 HCCIEL0OBAHHIX.

Table 2. Genotype frequencies in the included studies.

First author, year Case Control HWE
00 01 1 00 01 11

TLR? (rs5743708)
Moens2007 67 5 0 169 9 0 0,729
Yuan2008 82 3 0 382 27 0 0,490
Endeman2009 144 38 1 287 26 0 0,443
Carvalho 2009 83 4 0 127 7 0 0,756
Esposito 2012 17 1 0 161 3 0 0,906(0,91)*
Telleria-Orriols 2013 37 46 9 49 15 2 0,527
Misch 2013 88 6 0 243 19 0 0,543(1,00)*
Schnetzke 2015 43 8 0 102 2 0 0,921

TLR4 (rs4986790)
Hawn 20051 97 5 0 431 64 0 0,124
Moens2007 60 10 2 161 16 1 0,395
Yuan2008 82 3 0 364 44 1 0,785
Endeman2009 171 27 2 280 32 1 0,933
Carvalho 2009 81 6 0 116 18 0 0,405
Kumpf 2010 147 12 0 150 24 2 0,362
Esposito 2012 16 2 0 148 16 0 0,511(0,51)*
Tellerfa-Orriols 2013 76 13 3 60 4 2 0,0001
Rodriguez-Osorio 2013 43 1 0 122 4 0 0,856
Schnetzke 2015 40 11 0 96 8 0 0,683

TLR4 (rs4986791)
Hawn 20051 97 5 0 431 64 0 0,124
Yuan2008 82 3 0 365 43 1 0,821
Esposito 2012 17 1 0 148 16 0 0,511(0,51)*
Rodriguez-Osorio 2013 43 1 0 122 4 0 0,856

Note: HWE — Hardy-Weinberg Equilibrium; 0 — major allele (G for rs5743708, A for 4986790, C for 4986791), 1 — minor allele (A
for rs5743708, G for 4986790, T for 4986791).* Available data from articles are shown in brackets. ' Genotype data ate calculated

from haplotype data.

IIpumeuanne: HWE — pasuosecue Xapan BaitnGepra; 0 — maxopubiii amaens (G muas rs5743708, A nns 4986790, C nust
4986791), 1 — MmuHopHbIi amnens (A st rs5743708, G s 4986790, T aust 4986791). * — B ckoOKaxX yKas3aHbl JJaHHBIE, OCTYII-
HblE U3 C'FaTeﬁ. ! I{1':].(3']‘01‘])1 paCC'—lI/lTaHbl, NCXO0/A U3 JITaHHBIX I‘allJIOTl/llll/IpOBaHl/lﬂ.

Tabanile 2 MokasaHbl JaHHbIE TEHOTUITMPOBAHUS 110
U3YYEHHBIM MTOJMMOP(HBIM BapuanTtam. Pacripene-
JIeHWe TEHOTHUTIOB B KOHTPOJIBHBIX BHIOOPKAX MCCIIe-
JIOBAHWII COTJIACOBAHO € paBHOBecueM 10 Xap/u-
Baiinbepry 3a UCKJIIOYEHHEM OZHOTO UCCIIeNOBAHMS
(TLR4 1s4986790) [25].YacToThl MHUHOPHBIX aJljie-
Jieit B BHIOPAHHBIX MCCIEOBAHUSX BapbUPOBAIH OT
0,009 10 0,144 o rs5743708 u ot 0,016 10 0,184 mra
rs4986790. CooTBeTCTBYIOINE YACTOTHI JIJIST €BPOTIEO-
UTHOH TIOMYJISIIUU B COOTBETCTBUU C TEHOMHON Kap-
toit rarmorunos (HapMap) naxogarcst 6/msKe K HU-
JKHUM 3Ha4eHUsIM yKazanHoro auaraszona: 0,052 mist
amnessa A rs5743708 u 0,033 mirst astena G rs4986790
(http://www.ncbi.nlm.nih.gov/projects/SNP/snp_re
f.cgi?rs=5743708; http://www. ncbi.nlm.nih.gov/pro-
jects/SNP/snp_ref.cgi?rs=4986790).

Pucynox 2 nemoncTpupyer pesyJsbTaThl MeTa-
anasmza SNPs renoB TLR2 (rs5743708) u TLR4
(rs4986790). TereporeHHOCTh MCCAELOBAHUN ObLIa
JIOBOJIbHO BBICOKOU, |° BappupoBas B auarasoHe
54,7—66,5%. SNP rs5743708 (momuHaHTHasE MO-
JIeJTh) OBLT aCCOIMUPOBaH ¢ pruckoM mHeBMOHNH OR
=1,90,95% CI: 1,02—3,54, p=0,042. PesynbraTsl st
154986790 GbLIM HE3HAYNMBI.

[lasiee puMeHsIINCH JiBa METO/IA JIOTIOJHNUTEb-
HOI1 OIEHKM Pe3yJIbTaToB Mo OOMIMM TPyImaM. Bbix

Next, we applied two treatments to the overall find-
ings. We performed sensitivity analysis to assess the influ-
ence of individual dataset on the pooled ORs by sequen-
tial removing each eligible study (Table 3). The result of
the sensitivity analysis showed that the OR value ranged
from 1.61 (95%CI: 0.81—3.21) to 2.27 (95%CI: 1.26—
4.09) for rs5743708 and from 0.85 (95%CI: 0.47—1.51) to
1.05 (95%CI: 0.61—1.80) for rs4986790. After the omis-
sion of two papers, one of which studied invasive pneu-
mococcal disease [20] and the other dealt with
Legionnaires' disease [26], the effect size became larger.
Omission of several other studies [19, 21—25, 26] led to
non-significance of the overall effect. No pronounced
effects were seen in the sensitivity analysis for the SNPs in
the TLR4 gene. Further, we conducted subgroup analyses
that compared different subsets of patients: adult and
pediatric groups, CAP and NP (Table 4). Since subgroup
analyses always include fewer patients than does the over-
all analysis, they carry a greater risk of getting negative
results due to insufficient power for the reduced sample
size. Taken also into account the significant heterogeneity
among included studies, non-significant results in the
subgroup analyses were not unexpected.

We performed a systematic literature review to
establish the possible role of the germline genetic
variations in toll-like receptors in susceptibility to
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|
TLR2 (rs5743708)
Case Control Odds Ratio
Study Events Total Events Total . OR 95%-CIl W(random)
Moens (2007) 5 72 9 178 ——~— 1.40 [0.45; 4.33] 12.6%
Yuan (2008) 3 85 27 409 —a T 0.52 [0.15; 1.75] 11.8%
Endeman (2009) 39 183 26 313 ThE 299 [1.75; 5.10] 18.6%
Carvalho (2009) 4 87 7 134 — 0.87 [0.25; 3.08] 11.4%
Esposito (2012) 1 18 3 164 ————— 3.16 [0.31; 32.05] 5.4%
Tellera-Orriols (2013) 55 92 17 66 — 428 [2.15; 8.55] 17.0%
Misch (2013) 6 94 19 262 —a 0.87 [0.34; 2.25] 14.3%
Schnetzke (2015) 8 51 2 104 —+—— 9.49 [1.94; 46.53] 8.9%
Random effects model 682 1630 <> 1.90 [1.02; 3.54] 100%
Heterogeneity: I-squared=64.9%, tau-squared=0.4625, p=0.0057 :
| I N I I

01 051 2 10

TLR4 (rs4986790)

Case Control Odds Ratio
Study Events Total Events Total ' OR  95%-Cl W(random)
Hawn (2005) 5 102 64 495 ———— 0.35 [0.14; 0.89] 10.7%
Moens (2007) 12 72 17 178 T— 1.89 [0.85; 4.20] 11.8%
Yuan (2008) 3 85 45 409 ——+— 0.30 [0.09; 0.98] 8.9%
Endeman (2009) 29 200 33 313 . 1.44 [0.84; 2.45] 13.8%
Carvalho (2009) 6 87 18 134 —_— 0.48 [0.18; 1.25] 10.5%
Kumpf (2010) 12 159 26 176 ——] 0.47 [0.23; 0.97] 12.4%
Esposito (2012) 2 18 16 164 —_— 1.16 [0.24; 5.49] 6.8%
Tellera-Orriols (2013) 16 92 6 66 — 2.11 [0.78; 5.71] 10.3%
Rodriguez-Osorio (2013) 1 44 4 126 : 0.71 [0.08; 6.52] 4.3%
Schnetzke (2015) 1 51 8 104 —+——  3.30 [1.24;8.82] 10.4%
Random effects model 910 2165 S 0.93 [0.55; 1.59] 100%
Heterogeneity: I-squared=67.8%, tau-squared=0.4608, p=0.001 :
I T T 1
0.1 05 1 2 10

Puc. 2. Pe3yibraTsl MeTa-aHaM3a acconuanuy noauMopdusix BapuantoB renoB TLR2 u TLR4 c nHeBMOHUEI!.

Fig. 2. The meta-analysis results on the association of TLR2 and TLR4 polymorphisms with pneumonia.

IIpumevanue: Study — wnccaenoBanue. Events — uucsio mampenTtos ¢ MunopubiMu reqorunamu. Case — Gosbibie. Total — Beero.
Control — xontposs. W(random) — pasmep cayuaithoro addekra. Random effects model — wmogmens cayudaiinbix sddektos.

Heterogeneity — rereporeHHOCTb.

TIPOBEZIEH aHAIN3 YYBCTBUTEIBHOCTH /IS OTIperese-
HUST BJIWSIHUS OTAEJIBHBIX MCCIIeNOBaHUi (TIyTeM HMX
MOCJIEZIOBATEILHOTO  yAaleHust) Ha obimmii addext
(1abu1. 3). Pesysbrar aHamsa 4yBCTBUTETBHOCTH MTOKA-
3az1, uto 3uadenre OR BapbupoBaso ot 1,61 (95%Cl:
0,81—3,21) 10 2,27 (95%CI: 1,26—4,09) ns1 1s5743708
u ot 0,85 (95%ClI: 0,47—1,51) mo 1,05 (95%CI: 0,61—
1,80) mst rs4986790. ITocre nckoueHust ABYX pabor,
OJIHA M3 KOTOPBIX ObLIA TIOCBSIIIIEHA M3YIEHUTO0 MHBA-
3MBHOW IMTHEBMOKOKKOBOI Gosesnu [20], a apyras —
Gostesnu Jiernonepos [26], Besmunna addexra yBesu-
yrBasach. VICKIroueHe HeCKOMBKUX JIPYTUX MCCIIe0-

pneumonia-related infection and pneumonia devel-
opment. It is assumed that each type of TLR can rec-
ognize the cellular patterns of different groups of
organisms, i.e. each type of TLR is able to detect dif-
ferent groups of harmful microorganisms. Among all
TLRs, TLR2 identifies all main pneumonia-related
pathogens. Despite high heterogeneity among stud-
ies, TLR2 functional polymorphism appeared to be
associated with susceptibility to pneumonia-related
infection and pneumonia development.

TLR2 recognizes a large array of pathogen-
associated molecular patterns (PAMPs), including
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TaGauna 3. AHaIU3 YyBCTBUTEIbHOCTH.
Table 3. Summary outcomes of sensitivity analysis.

Excluding group Sample size Test of association Test of heterogeneity
Case Control OR 95% CI P x P (%)
TLR2 (rs5743708)
Moens 2007 610 1452 1.98 0.99—3.98 0.054 14.984 0.020 60.0
Yuan 2008 597 1221 2.27 1.26—4.09  0.006 10.449 0.107 42.6
Endeman 2009 499 1317 1.72 0.79—3.74 0.169 13.480 0.036 55.5
Carvalho 2009 595 1496 2.10 1.09—4.06 0.027 13.644 0.034 56.0
Esposito 2012 664 1466 1.84 0.95—3.56 0.069 15.294 0.018 60.8
Telleria-Orriols 2013 590 1564 1.61 0.81—-3.21 0.174 14.564 0.024 58.8
Misch 2013 588 1368 2.18 1.14—4.16  0.019 12.008 0.062 50.0
Schnetzke 2015 631 1526 1.64 0.88—3.06 0.120 11.924 0.064 49.7
TLR4 (rs4986790)

Hawn 2005 808 1670 1.05 0.61—1.80 0.855 21.618 0.006 63.0
Moens2007 838 1987 0.85 0.47—1.51 0.570 24.193 0.002 66.9
Yuan2008 825 1756 1.04 0.61—1.78  0.881 22.738 0.004 64.8
Endeman2009 710 1852 0.87 0.47—1.61 0.652 24.697 0.002 67.6
Carvalho 2009 823 2031 1.01 0.57—1.78 0.983 24.333 0.002 67.1
Kumpf 2010 751 1989 1.03 0.58—1.81 0.929 21.713 0.005 63.2
Esposito 2012 892 2001 0.91 0.52—1.62 0.759 26.854 0.001 70.2
Tellerfa-Orriols 2013 818 2099 0.85 0.48—1.50  0.568 24.780 0.002 67.7
Rodriguez-Osorio 2013 866 2039 0.94 0.54—1.65 0.832 26.772 0.001 70.1
Schnetzke 2015 859 2061 0.81 0.48—1.37 0.426 20.907 0.007 61.7

Note: OR — Odds Ratio; CI — Confidence interval; x> — a measure of heterogeneity; 1> — a measure of heterogeneity is

expressed in %.

IIpumevanue: Excluding group — nckaouaemas rpymnia; Sample size — o6bem BoiGopok; Test of association — tect Ha accorpanuio;
Test of heterogeneity — tect na rereporennocts. OR — ornoutenue mancos; CI — noBepuTesbHblii uHTEPBa; ¥* — OLEHKA reTepo-

FeHHOCTHU KMCCAeI0Banuit; [ — MPOIeHTHAs OIleHKA IreTePOreHHOCTH Meeae10Banuii (To ke st Tabu. 4, puc. 2).

Ta6auna 4. Anaaus B noarpynnax accouuamun TLR2 rs5743708 u TLR4 rs4986790 ¢ nnesmMonmueii.
Table 4. Subgroup analysis of the association of the TLR2 rs5743708 and TLR4 rs4986790 with pneumonia.

Excluding group N Sample size Test of association Test of heterogeneity
Case Control OR 95% CI p x p (%)

TLR2 (rs5743708)

Adult 5 487 991 1.87 0.89—3.93 0.100 9.997 0.040 60.0

Pediatric 3 195 639 1.88 0.40—8.92 0.425 5.450 0.066 63.3

CAP 6 544 1392 1.79 0.92—3.49 0.088 10.318 0.067 51.5

NP 2 138 238 274 0.26—2841  0.399 5.113 0.024 80.4
TLR4 (rs4986790)

Adult 7 715 1526 0.93 0.50—1.76 0.834 20.986 0.002 71.4

Pediatric 3 195 639 0.91 0.26—3.23 0.883 5.891 0.053 66.0

CAP 7 613 1751 0.99 0.53—1.86 0.975 14.963 0.021 59.9

NP 3 297 414 0.88 0.26—2.95 0.841 11.214 0.004 82.2

Banuii [19, 21—25, 28] pUBOAMIIO K TTOTEPE 3HAUMMO-
ctu addexTa. BerpaxkeHHoro addexrTa B aHATN3E TyB-
crutenbrocTr st SNP B rene TLR4 ne obHapysKe-
Ho. Kpome Toro, Mbl ITPOBEJIM aHAJIN3 B MOATPYIIIAX,
CPaBHMBAsI PA3JIMYHbIE TIOJMHOKECTBA TAIUEHTOB:
B3pOCIIbIE U JeTCKHUe BEIOOPKH, marreHTos ¢ BIT u HIT
(Tabn. 4). Bce pesy/braThl OKa3aanch HE3HAYMMbIMHY,
YTO MOKET OBITH CBSA3AHO CO 3HAYUTEILHBIM YMEHbIIIe-
HEeM 00111ero 00beMa BHIOOPOK 1 BHICOKOI reTeporeH-
HOCTBIO BKITIOUEHHBIX MCCJICIOBAHNT.

[annast paboTa BBIIOJHEHA /Ui OlPEe/eHIsT
BO3MOJKHOI POJIN T€PMUHAJIBHBIX TeHETUYECKUX Ba-
PHMAHTOB TOJII-TIOAOGHBIX PENENTOPOB B MPEIPACTIO-
JIO’KEHHOCTH K COMYTCTBYIONTNM TTHEBMOHUN MHQEK-
UM ¥ pazBuTHeM rHeBMonnu. [Ipearomnaraercs, 4ro
Kask/piil TN perienitopoB TLR pacrioznaer kierou-
HBIE TTATTEPHBI PA3HBIX IPYIIT OPraHU3MOB, T.€. KaXK-

peptidoglycan, lipoproteins, lipopeptides, phenol-
soluble modulin, lipoteichoic acid, lipoarabinoman-
nan, atypical lipopolysaccharides (LPSs), porins,
glycoinositolphospholipids,  glycolipids, and
zymosan [5, 35]. To identify these numerous
PAMPs, TLR2 forms either homodimers or het-
erodimers with TLR1 or TLR6. TLR2 also cooper-
ates with TLR9 in sensing mycobacteria [36]. TLR2
has been identified as a key player in the recognition
of lipoteichoic acid and peptidoglycans of Gram-
positive bacteria [37—41], influencing on suscepti-
bility to these bacteria. TLR2 polymorphisms are
associated with the susceptibility to different infec-
tions, such as leprosy, tuberculosis, staphylococcal
infections, and sepsis [6, 42—46].

The TLR2 rs5743708 G to A transition leads to a
functional deficiency in heterodimerization with TLR6
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abiii Tui pertenrtopos TLR criocoben onpenesisits pas-
JINYHBIE TPYIIBI MUKpPoOpraHuamoB. Cpenm Bcex
TOJI-TI006HBIX perienrtopoB TLR2 xapakrepusyercst
Haubosiee IMMPOKUM CIIEKTPOM Y3HABAEMBIX IIaTOre-
HOB; OH paclio3HaeT BCe OCHOBHBIE MATOTEHDLI MH(EK-
1111, ACCOIMMUPOBAHHBIX ¢ THeBMOHUeH. HecMoTpst Ha
BBICOKYIO T€TePOTEHHOCTH MCCIIEIOBAHMIH, (DyHKIHO-
HaJbHBIN TToTMMopdu3M TLR2 okazacs accorumpo-
BaH C MPEPACIIONIOKEHHOCTLIO K PAa3BUTUIO ITHEBMO-
HUU ¥ COITYTCTBYIOIIUX ITHEBMOHUY MH(EKITHI.

TLR2 pacriostaet 60J1bI0i HabOP aTOreH-acco-
IIMUPOBAHHBIX MOJIEKYIAPHBIX TTatTepHoB (PAMPs), B
TOM YHCJIe TIENTU/OTJINKAH, JIUIONPOTEUHBI, JIUIO-
MENTUIBI, (HEeHOT-PACTBOPUMBIN MOIYJIVH, JTUIIOTEN-
XO€BBIE KHCTOTHI, JUMToapaOMHOMAHHAH, aTHITHIHbIE
smnonosnucaxapuasl (LPSs), mopunsl, ranko-nnosn-
TOJT-(OCHOMUTUABT, TITUKOTUTIHIIB 1 3UMO3aH [, 35].
Jlng BBIABJIEHUS 2TUX MHOrouumcjeHHblXx PAMPs,
TLR2 o6pasyeT TOMOIMMEPHI WM TeTePOINMEPHBIE
dopmbr ¢ TLR1 u TLR6. TLR2 raxke MoxeT 00beam-
Hsatbest ¢ TLRY aist ysHaBanust MukoGaktepuii [36].
TLR2 s1BasI€TCS KITIOYEBBIM PEIETITOPOM, OTBETCTBEH-
HBIM 32 paclio3HaBaHUe JUMOTEHX0EBOH KHCIOTH U
MENTUIOTJINKAHOB TPaM-TIOJIOKUTENBHBIX OaKTepuit
[37—41]; nanubIil 1Ipollecc UMeeT peliaioliee 3Have-
HHUE B BOCIPUUMYMBOCTH K 3TUM Gakrepusim. [losm-
MopdHble BapuaHThl TeHa TLR2 accOmMUPOBAHBI C
[PEIPACHIONOKEHHOCTBIO K TAKUM GOJIE3HSIM /COCTOSI-
HUSIM, KaK TIpoKasa, TyGepKyJies, cTahUI0KOKKOBbIE
undexn u cencuc [6, 42—46].

3amena G amenst TLR2 1s5743708 na A nipuBo-
TIT K QYHKITMOHAIBHON HEIOCTAaTOYHOCTH TIPH TeTepo-
mumepuszariu ¢ TLR6 ¢ mocsenyionmm yMeHbiieHrneM
BO3MOKHOCTU aKTUBAIIUN BHYTPUKJICTOYHBIX CUTHAb-
HBIX Ty Teli [47]. Bolto mokaszaHo, YTo 10 CPaBHEHUIO C
JukuM oM (2258 asienb G), ajiesib A accormmpo-
BaH CO 3HAYUTEbHBIM CHUKeHueM aktuBaiiun NF-xB
(caxTopa, KOHTPOJUPYIOIIETO HKCITPECCUIO TEHOB UM-
MYHHOTO OTBETa) B OTBET Ha GaKTepUaIbHBIE MEMTH/IBI
B kietkax 293T [6]. Munopublii amiens 2258 A acco-
LIUUPOBaH (Ha YPOBHE TEHCHIIUN) CO CHIDKEHHOM 9KC-
npeccueii IL-6 B otBer Ha smranapl TLR, a takske Ha
MUKDPOOPTAaHU3MBI B IleoM [48]. ITo m3MeHeHUe
dyukim TLR2 xoppemmpyeT ¢ BiAMSHHEM JaHHOTO
SNP na BocpunmymnBocTh K uH@eknusM. urepecHo
OTMETUTD, UTO 2258 A aJijiesib PUCYTCTBYET TOJBKO Y
€BPOTICON/IOB, B TOM YWICJe U Y TIpe/icTaBUTeNeil Boc-
TouHO-eBponeiickoi nomyasiuun Vlax-Roma, Ho ¢
O4YeHb HU3KOW YacToTol. /[pyrue Xopouo M3BecTHLIE
nosmmopduamer TLR2 (1892C>A u 2029C>T) Takke
nMeroT g depeHInarIbHoe pactipesiesIeHre B Pa3Jind-
HbIX noryJistiusx [48]. HabonaeMble pasinndus B 4a-
CTOTaX TEHOTHUIIOB MOTYT OOBSICHUTH HEKOTOPBIE OCO-
GEHHOCTH B BOCITPUMMUYMBOCTH K WH(EKITUSAM MEKILY
STVMU TPYTITIAMH HACEJICHNS.

Harmr meta-ananmns He 1mokasas acCOIMAIH TO-
sumopduama TLR4 rs4986790 ¢ pazBuTneM MHEBMO-
HUW W COMYTCTBYIOIMX WHMEKIUH, YTO MOKET OBITh

with subsequent diminished activation of intracellular
signaling pathways [47]. Compared to the wild-type,
the 2258 A allele has been shown to be associated with
a significant decrease in NF-xB response against bacte-
rial peptides in 293T cells transfected with wild-type or
G2258A TLR2 constructs [6]. The 2258A minor allele
was characterized (at a tendency level) by a reduced
capacity for IL-6 production in response to TLR lig-
ands as well as whole microorganisms [48]. This change
in TLR2 function correlates with the observed influ-
ence of this SNP on susceptibility to infections. It is
interesting to note that 2258 A allele is present only in
Europeans, including Vlax-Roma, but at a very low fre-
quency. Other well-known TLR2 polymorphisms
(1892C>A and 2029C>T) also had the differential pat-
tern of genotypes distribution in various populations
[48]. Differences in genotype frequencies may explain
some of the differences in susceptibility to infections
between these populations.

Our meta-analysis did not show association of
pneumonia-related infection development and TLR4
polymorphism rs4986790. This may be due to the high
heterogeneity of the studies. Taking into account the
differences of pathogen-associated molecular patterns
for TLR2 and TLR4 we may also speculate that the
TLR4 protein has less impact on pneumonia develop-
ment than the TLR2 protein. Hence, the genetic varia-
tions in the TLR4 gene may have less consequence
(compared with the TLR2 SNPs) for the susceptibility
to pneumonia-related infection. The recent meta-analy-
sis of the SNPs rs4986790 and rs4986791 in the TLR4
gene has shown that TLR4 polymorphisms may be asso-
ciated with increased, decreased or no difference in
response to a wide range of infectious diseases [45].
Interestingly, the majority of significant associations
have been found among predominantly Asian popula-
tions being rare among Europeans [49]. One meta-
analysis on the role of the TLR4 SNPs has been con-
ducted just in relation to pneumonia [49]. The authors
found that the rs4986790 A/A genotype might be a risk
factor for the development of pneumonia. Compared
with the meta-analysis of Cai et al., we found three
additional studies published in 2009, 2013 and 2015
[21, 25, 28]. In the abovementioned meta-analysis, the
authors have also defined one paper, analyzing fever in
patients with Coxiella burnetii as the study of CAP [51].
This study was not considered in our meta-analysis.
Thus, our meta-analysis differed from that of Cai et al.
[50] by four studies and included more subjects (3075
versus 2520). Our updated meta-analysis did not con-
firm the results of Cai et al [50].

Limitations of our study include the following:
(i) all studies were underpowered due to low sample
sizes; (ii) studies were highly heterogeneous address-
ing infection and pneumonia development in different
context; (iii) most of the studies were hospital-based,
precluding extrapolation to the general population;
(iv) pooled effects in all comparisons were altered
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CBSI3aHO C BBICOKOH TeTEPOTeHHOCTBIO UCCIEA0BAHUN.
OpHako, TpUHUMAs BO BHUMAHUE PA3INIUsi COOTBET-
crBytomux rpynit PAMPs nms TLR2 u TLR4, mbI Tax-
JKe MOJKEM IMPEAIIONoKNTh, uto Oenok TLR4 mmeer
MeHee 3HAYMTEJIbHYIO POJIb IIPM PAa3BUTHH THEBMO-
Huu, yeMm Oesiok TLR2, B ¢Bs13U ¢ ueM reHeruyeckue
BapuaHThl B reHe ILR4 MoryT MeHbIle BIUSTH (110
cpaBaennio ¢ TLR2 SNP) na mpezipacmosioskeHHOCTb K
pasBUTUI0 UHQEKIINIA, aCCOITMUPOBAHHBIX C TTHEBMO-
nueil. Hemasuuit mera-anasms SNPs 154986790 u
154986791 rena TL R4 mokasaJi, 4To IoJuMopdHbIE Ba-
puantbl TLR4 MOTyT ObITH aCCOLMMPOBAHBI C TIOBbI-
HIEHUEM, TIOHUKEHNEM MJIU OTCYTCTBUEM U3MEHEHMI
B TIPEIPACIOJIOKEHHOCTH K I[EJIOMY CIIEKTPY MHQEK-
IIMOHHBIX 3aboseBanmii [49]. VHTepecHO, uTO 6OIDH-
MIUHCTBO 3HAYMMBIX ACCOTMANT OBIIIO HAWIEHO TIpe-
UMYIIECTBEHHO B a3WaTCKUX MomyJsanusax [49]. B
CBSI3U ¢ u3yvyeHueMm posu monmmopdusma TLR4 B
TIPEIPACTIONOKEHHOCTH K THEBMOHUH paHee GBI Ipo-
BeJIeH JIMIb oJuH MeTa-anasua [50]. ABTopbl oGHapy-
KM, uTO aenb 1s4986790 A mosker GbITh (hakTo-
poM pucka pa3BuTus mHeBMOHMU. [lo cpaBHEHUIO C
Mmeta-anaau3om Cai u coaBTopos [50], Mbl HaNILIM TPU
JOTIOJTHUTEIbHBIX UCCJIEI0BAHYSL, OIyOJIMKOBAHHbIX B
2009, 2013 u 2015 r. [21, 25, 28]. Kpome TOr0, MBI 1IC-
KJIFOUMJIM M3 HAIlEro MeTa-aHasmsa pabory [51], ana-
JIN3UPYIONILYTO POJTh TTomMopdu3ma reda TLR4 B 4yB-
CTBUTEJBLHOCTH K JIMXOPaJKe y TalleHTOB,
undunuposanubix Coxiella burnetii. Ita pabora Obiia
OTHECEHA aBTOpaMU K TpyIIe paboT, OIEHUBAMOIINX
npeapacmoaoxeHHocts K BIL Takum obpasom, Haiie
HCCTeIOBAHIE OTIINIAETCST OT HeapHel pabotsr Cai ¢
coas. [50] o HaGopy myb6mkarmii (Ha geTbipe my6im-
Karmmn) u 6osbiieMy o6bemy BbIGopok (3075 mpoTus
2520). Hamr o6HOBJIEHHBIIT MeTa-aHAIN3 He MOATBep-
Jut pesysbraTel Cai ¢ coas. [50].

IIpencraByieHHbIll HAMU MeTa-aHATIU3 UMeeT He-
ckoJibko orpannuenuit: (I) Bce uccsenoBanust umesnn
HU3KYIO CTAaTHIeCKyT0 MOIITHOCTH M3-32 HEZIOCTaTOUHO-
ro pasmepa BbiGopok; (1) uccienoBanust ObL HEOM-
HOPOJIHBI ¥ PAacCMaTPUBAIN Pa3BUTHE ITHEBMOHUU U
nHpekImn B pasHbix KoHtekcrax; (I111) 6ombimHCTBO
HCCIIEIOBaHUT TIPOBOIMIINCH Ha Gase GOTBHUIL, UTO 3a-
TPYIHSET SKCTPATOJIANNIO Ha TIOMYJISINIO B IIEJIOM;
(IV) nonyuennsle acheK Tl CylecTBEHHO BapbUPOBa-
JIU B TeCTaX Ha YyBCTBUTEIBHOCTH, YTO MIPEAIIOIAraeT
HeCTaOMIBHOCTD Pe3y IbraToB. HecMOTpst Ha JaHHbIE
OTpaHMYeHNs, Halll MeTa-aHaJII3 OCHOBAH Ha TIIATEJb-
HOM T10160pP€e JIMTEPATYPhI ¢ COOIIOACHUEM HPUHII-
moB PRISMA, a nosydeHHble pe3yIbTaThl SIBISIOTCS
6roTormIecK 060CHOBAHHBIMIL

BriBOoIBI

Meton MeTa-aHanTM3a TMIMPOKO WCIIOIB3YeTCS
JUIST yBETMUYEHVST MOTITHOCTH TECTa U TIOJyUeH st oree
yOEAUTENIbHBIX BBIBOJIOB O HAJIMYUU WJIM OTCYTCTBUN
uzydaemoro addexra. HecMoTpss HA BaKHYIO POJb

with sensitivity treatment suggesting instability of
the results. Despite these limitations, our meta-analy-
sis is based on adherence to PRISMA guidelines in
searching for literature, and the results seem to have a
biologic rationale. In view of these items, we believe in
the soundness and reliability of our findings.

Conclusion

It is well known that a meta-analysis is used to
increase power over individual studies, improve sum-
mary estimates and help to draw more convincing con-
clusions. Despite the crucial role of toll-like receptors in
the first line of immune response to infection and the
fact that pneumonia is one of the most common infec-
tions with high mortality rates, meta-analyses of TLR
polymorphisms association with pneumonia are scarce.
To the best of our knowledge, the current meta-analysis
is the first meta-analysis on the role of the TLR2 alleles
in pneumonia development. The TLR4 SNP rs4986790
has been studied previously in the context of pneumo-
nia however, that meta-analysis has had serious limita-
tions. We showed that the TLR2 SNP 2258 G/A
(1rs5743708) is associated with the risk of pneumonia-
related infection and pneumonia development, while
the TLR4 SNP 896A>G (1s4986790) does not con-
tribute to the susceptibility to pneumonia. Taking into
account that the studies included in our meta-analysis
are highly heterogeneous and underpowered these
results should be interpreted as preliminary. Further
well-designed investigations are clearly warranted.

TOJII-TIOIOOHBIX PEIENTOPOB, KOHTPOJMPYIOIMUX ah-
(bexTHBHOCTH UMMYHHOTO OTBeTa Ha WH(MEKINIO, 1 Ha
TO, UTO THEBMOHWST SIBJISIETCST OIHOT 13 Hanbostee pac-
IIPOCTPAHEHHBIX MH(MEKIUN ¢ BBICOKUM YPOBHEM
CMEPTHOCTH, METa-aHAJM3bl ACCOIUAIUH TTOJUMOP-
¢uamoB TLR c mHeBMOHNEN, 32 OHUM UCKTIOUEHHEM,
orcyTcTByIOT. [To HaAmmMM CcBeZIeHUsIM, BBITIOJTHEHHBII
HaMU MeTa-aHasu3 poJin noaumopdusma reda TLR2 B
DPa3BUTUU TTHEBMOHUM SBJsIeTCS 1epBbiM. SNP
154986790 panee m3ydasicss B KOHTEKCTe MTHEBMOHU,
OJTHAKO TO MCCJIEI0OBAHIE MMEJIO CYIIIeCTBEHHBIE HEI0-
verbl. Mbl iokazasu, uto SNP 2258 G>A (1s5743708)
TLR2 accorumpoBaH C PUCKOM Pa3BUTHS ITHEBMOHUHT
U COIMyTCTBYIONUX WHMEKINH, B TO BpeMs kKak SNP
896A>G TLR4 (rs4986790) ne BimseT Ha IPeIPaCTIO-
JIOKEHHOCTh K IHeBMoHUU. [IpuHnMas BO BHUMaHue
BBICOKYIO T€TEePOT€HHOCTh BKJIIOYEHHBIX B HAIl MeTa-
aHaJIN3 NCCICIOBAHII U UX HU3KYIO CTATHCTIHYECKYTO
MOIIIHOCTB, TTOJTyIeHHBIE Pe3yJIBTaThI CJAeIyeT paccMa-
TPUBATh KaK Mpe/BaputTesbuble. /i moaTBep:KIeHns
JTMArHOCTUYECKOTO TIOTEHITNAAa MOJIEKYISIPHO-TEHe-
THYECKOTO TecTHpoBaHUs TeHa TLR2 B olleHKe Tpefi-
PACTIOIOKEHHOCTH K PAa3BUTUIO TTHEBMOHWH U COIYT-
CTBYIONMINX NHMEKIUI HEOOXOANMBI IOTIOJTHUTENbHbIE
UCCJIC/IOBAHMS.
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