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ABSTRACT

Background. Pneumonia is the second leading cause of child mortality in Indonesia. The COVID- 19 pandemic in Indonesia is increasing a challenging environment
for children’s respiratory health.

This study aims to examine pneumonia in children using the perspective of climate change and the changing environment in Indonesia before and during COVID-19
pandemic.

Materials and methods. This research is a retrospective longitudinal study conducted during the period 2017—2020. The study area of the study is in Indonesia.
All the province and city in Indonesia are included in this study. The number of children surveyed each year is 30.73 million. Outdoor air quality, temperature and
rainfall observations were carried out at 185 observation stations spread throughout Indonesia

Results. In Indonesia, child pneumonia cases declined by 39.42% from 2017 (511,434 cases) to 2020 (309,838 cases) during the COVID-19 pandemic, with a
47.06% decrease in mortality. Outdoor air quality worsened by 51.64% pre-pandemic (2017—2019), improving notably in 2020. Conversely, temperature and
rainfall, which decreased before 2017—2019, sharply increased in 2020, with rainfall at 524 mm and temperatures rising by 0.7°C compared to 2019.
Limitations. A detailed analysis and cautious interpretation are necessary due to the complex, suggestive links between air quality, climate, behavior, and respiratory
health highlighted in this study, especially during the pandemic.

Conclusion. The pandemic triggered unexpected shifts. Reduced cases correlated with better air quality due to lockdowns and behavior changes, while increased
temperature and rainfall may have hindered pathogen transmission.
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Introduction

Pneumonia in children remains a significant global health
challenge, necessitating continuous attention and efforts to
mitigate its impact [1, 2]. Recent data indicates that pneumonia is
responsible for approximately 15% of all deaths in children under
the age of five worldwide, making it the leading infectious cause of
childhood mortality [3]. Despite advancements in healthcare, an
estimated 2.5 million children succumbed to pneumonia in 2021
alone [4]. The burden of this disease is particularly pronounced
in low- and middle-income countries, where access to quality
healthcare, proper nutrition, and clean water can be limited [5].

In 2022, Pneumonia’s prevalence as the second leading cause
of child mortality in Indonesia underscores the urgent need for
comprehensive strategies to combat its impact. The latest available data
highlights the severity of the issue, revealing that pneumonia accounts
for a substantial proportion of child deaths in the country [6, 7].

Childhood pneumonia was already a major global health
concern, but COVID-19 added complexity. Pneumonia caused
significant child mortality before the pandemic [§—10]. COVID-19,
while milder in children, strained healthcare, potentially delaying
pneumonia treatment [11, 12]. Indonesia’s diverse geography and
pollution worsen childhood pneumonia risk. Air pollution from
urbanization and industry harms children’s respiratory systems.
Airborne pollutants can irritate and weaken lungs, heightening
pneumonia susceptibility [13—15]. Indonesia’s vulnerability to
climate-driven events adds to childhood pneumonia cases. Erratic

weather and extreme climate events, linked to climate change,
weaken immunity, fostering infections. Temperature shifts,
humidity spikes, and post-disaster effects disrupt respiratory health
balance, escalating pneumonia risk [16]. To tackle this, a holistic
strategy is crucial — combining pollution reduction, clean energy
adoption, disaster readiness, and health education. Navigating the
climate-child health nexus is vital for curbing pneumonia’s impact
and securing a healthier future [17, 18].

Until now, research related to pneumonia in children observed
with the perspective of climate change and the environment in
Indonesia is very rare. This study aims to examine pneumonia in
children using the perspective of climate change and the changing
environment in Indonesia before and during COVID-19 pandemic.
The study’s outcomes are expected to offer a novel perspective on
the management of childhood pneumonia in Indonesia.

Materials and methods

This research is a retrospective longitudinal study conducted
during the period 2017—2020. The study area of the study is in
Indonesia. All the province and city in Indonesia are included in
this study. The survey only included Indonesia children, foreigner
who not have Indonesia ID are exclude on this survey.

Data
Pneumonia in Child Cases. Pneumonia in Child data was
obtained from the 2017—2020 Indonesian national health survey.
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The number of children surveyed each year is 30.73 million
from all around in Indonesia country [19]. The age of children
in this survey was 0—59 months [20]. The ICD-10 code used for
Pneumonia in Children is J-14 [21].

Mortality Rate of Pneumonia in Child. Mortality rate of
pneumonia in child is calculated from the number of child deaths
due to pneumonia per year divided by the number of cases of child
pneumonia per year multiplied by 100% [22]. Data obtained from
Indonesia’s annual health survey.

Climate Change and Environmental Data

Temperature Data. Temperature data is an annual average
data throughout Indonesia. The data is obtained based on the
annual report of average temperatures in Indonesia from the
Indonesian Meteorology, Climatology and Geophysics Agency.
Temperature observations were carried out at 185 observation
stations spread throughout Indonesia. The temperature unit used
is Celsius (°C) [23].

Rainfall Data. The rainfall data represents the annual average
precipitation across Indonesia. This data is derived from the
annual reports on average rainfall in Indonesia provided by the
Indonesian Meteorology, Climatology and Geophysics Agency.
The collection of rainfall observations took place at 185 observation
stations distributed throughout the country. The rainfall unit used
is millimeters (mm) [24].

Air Quality Data. Air quality data refers to outdoor air quality.
Data was collected from secondary data using the annual average
PM,;s in Indonesia. Measurement of PM, s concentration using
the Beta light irradiation method (Beta Attenuation Monitoring)
with units of micrograms per cubic meter (um/m?) [25].

Data Validity. Pneumonia in Child data is obtained through a
doctor’s diagnosis. The doctor who carries out the examination
have been certified and registered with the Ministry of Health of
the Republic of Indonesia. All tools used have been calibrated by
the Indonesian government annually.

Ethical Approval

This research has received ethical approval from The Health
Research Ethics Committee in Indonesia with ethical approval
number is No.2245/UN25.8/KEPK/DL/2023. All participants in
the research study provided their informed consent through both
written and verbal means, confirming their understanding of the
study’s purpose, procedures, and potential implications.

Statistical analysis

The analysis employed encompasses a descriptive approach
aimed at examining the prevalence, ratio, percentage, and
mortality rate of pneumonia in Child. The resultant data will be
visually presented through graphs, enhancing the comprehension
of the information being conveyed. Annual percent change was
calculated to quantify changes in incidence rates over time.

Results

Pneumonia in child in Indonesia continues to decrease by
39.42% from 511,434 cases in 2017 before the pandemic to 309,838
in 2020 when the pandemic COVID-19 occurred. The mortality
rate also trended down by 47.06% from before the pandemic and
during the pandemic in Indonesia (fig. 1).

Outdoor air quality before and during the pandemic showed
anomaly during the pandemic. When the pandemic did not occur
in 2017—-2019, the trend worsened by 51.64%. However, in 2020
during the pandemic, air quality conditions improved (fig. 2).

The opposite happened to temperature (fig. 3) and rainfall
(fig. 4), temperature and rainfall trended down before the
2017—2019 pandemic, but in 2020 it increased sharply compared
to 2019 rainfall raised to 524 mm and temperatures increased
by 0.7°C.

Discussion

Child pneumonia cases in Indonesia pre and during
COVID-19 stem from multiple factors. Earlier (2017—2019),
limited rural healthcare, indoor and outdoor pollution, and poor

ENVIRONMENTAL HYGIENE
0.34% 0.08%
0.12%
511 434 505 331 PG
0.16%
309 838
C 2017 2019 2020

Year

Fig. 1. Pneumonia in children and Mortality rate (%) of pneumonia in
children 2017-2020.
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Fig. 2. Outdoor air quality and pneumonia in children 2017-2020.
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Fig. 4. Rainfall and pneumonia in children 2017-2020.
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hygiene likely increased pneumonia cases. Inadequate public
health campaigns contributed to suboptimal prevention [26—28].
However, the dynamics shifted during the COVID-19 pandemic
in 2020, leading to a notable decrease in reported pneumonia
cases. A combination of factors could explain this trend. The
heightened focus on hygiene practices, mask usage, and social
distancing to curb COVID-19 transmission inadvertently led
to a reduction in the spread of other respiratory infections,
including pneumonia. Moreover, lockdowns and movement
restrictions curtailed industrial activities and vehicular emissions,
subsequently improving air quality, which is crucial for respiratory
health. The closure of schools, though challenging, limited the
close interactions among children, thereby hindering the easy
transmission of infections in crowded settings [29—32].

The pandemic context also prompted a renewed emphasis
on healthcare infrastructure and preparedness. This could have
translated into better access to medical facilities, more efficient
diagnosis, and timely treatment of pneumonia cases. Conversely,
the reported drop in pneumonia cases during the pandemic might
have been influenced by changes in data collection and reporting
mechanisms due to disruptions in healthcare systems. Inaccurate
classification of cases or delayed reporting could have affected the
apparent decline in pneumonia incidence [33, 34].

The intriguing interplay among pneumonia cases in children,
outdoor air quality, temperature, and rainfall during the
COVID-19 pandemic in 2020 presents a complex web of potential
correlations in Indonesia. While direct causation might not be
casily established, the convergence of these factors suggests several
interrelated dynamics. Child pneumonia decline in Indonesia
during the pandemic could relate to better air quality. Reduced
pollution from limited industry and transport might have lowered
respiratory irritation and infection vulnerability. Cleaner air could
hinder pneumonia pathogens’ spread [35, 36].

Secondly, the higher temperatures and increased rainfall
observed during the same period could have played a role in
reducing pneumonia cases. Warmer temperatures might have
hindered the survival and transmission of certain pathogens
responsible for respiratory infections. Additionally, increased
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rainfall could have helped to clear the air of pollutants, enhancing
overall air quality and consequently reducing respiratory
infections [37, 38].

Furthermore, climate factors can have an intricate relationship
with the immune response. While warmer temperatures might
be associated with fewer infections, they could also influence
the body’s immune defenses. The immune system’s reaction to
infections can be influenced by climate conditions, potentially
impacting the severity and transmission of illnesses like
pneumonia [39].

Lastly, the behavioral changes prompted by the pandemic,
such as heightened hygiene practices, mask-wearing, and
avoidance of crowded areas, might have contributed to the
decline in pneumonia cases. These measures, coupled with better
air quality and potentially climate-driven effects on pathogens,
could have collectively created an environment that hindered the
transmission of infections [40].

It’s important to approach these correlations cautiously,
considering the multitude of influencing factors. While these
connections are suggestive, a comprehensive understanding
would require more detailed data analysis, statistical modelling,
and possibly controlled studies. Nevertheless, the observed trends
underline the intricate relationships between air quality, climate
factors, behavioral changes, and respiratory health outcomes
during the pandemic.

Conclusion

Analyzing child pneumonia cases pre and during COVID-19
in Indonesia through a climate-environment lens reveals complex
interactions. Pre-pandemic, factors like limited healthcare,
hygiene, and pollution led to higher cases. Pandemic-induced
lockdowns improved air quality, potentially reducing cases.
Temperature and rainfall rises might have also curbed pathogen
transmission. However, a comprehensive understanding requires
more investigation. This underscores climate-health links,
highlighting holistic approaches for managing child pneumonia
beyond pandemics.
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MHeBMOHMSA Y feTer Ao u Bo Bpems naHgemun COVID-19:
MccnefoBaHMe € Y4ETOM KINMMATUHECKMX USMEHEHUH U 3KONOrUYeCKUX
acnekros B UHpoOHe3umn
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PE3IOME

Beedenue. [Inesmonus seanemcs 6mopoi no 3Ha4umMocmu npuvunoi demckoi cmepmuocmu 6 Undonesuu. Ilandemus COVID-19 6 Hnoonezuu npusena
K OCAOJNCHEHUIO CUMYAYUU ¢ PeCRUPAMOPHLIMU 3a001€8aHUAMU Jemell.

Ileas uccaedosanus — uzyuums 3a601e6aemocms demeii NHEGMOHUEH € YHUEMOM KAUMAMUYECKUX USMEHEHUT U MEHAIWeCs IK0A02UMeCKoll 00CMAH08KU
6 Hnoonesuu do u 6o epems nandemuu COVID-19.

Memoowbt uccaedosanus. Jlannoe uccaedosanue npedcmasnsiem coboil pempocheKmugHoe A10HeumoHoe ucciedosanue, npogedéntoe 6 nepuod 2017—2020 ee.
Teppumopus uccaedosanus Haxodumcs 6 Mnoonezuu. B uccredosanue exaroueHst ce npogunyuu u 2opoda Muooneszuu. Yucao demeii, o6caedyemuix Kaxncoblii
200, cocmagasem 30,73 man. Habarodenus 3a kauecmeom ammocghepno2o 6030yxa, memnepamypoi u Koau4ecmeom ocaokos npogoouaucy Ha 185 cmanyusx
HabA00eHUs, PACROAOINCEHHbIX NO celi meppumopuu MHOoHe3uu.

Pesyavmamot. B Hnoonesuu 6 nepuood nandemuu COVID-19 uucao cayuaes nneemonuu y demeii cokpamunoce Ha 39,42% ¢ 2017 e. (511 434 cayuasn) do
2020 e. (309 838 cayuaes), a cmepmuocme chusuaacy Ha 47,06%. Kauecmeo ammocgeprozo 6030yxa yxyduunocs na 51,64% 6 nepuoo do Havana nandemuu
(2017-2019 22.) u 3amemno yayuwunocs ¢ 2020 2. B mo yce epemsa memnepamypa u Koauuecmeo ocadkog, komopuie cHuzuaucsy 6 2017—2019 ee., pesko 603-
pocau 6 2020 e.: koauuecmso ocadkog cocmasuno 524 mm, a memnepamypa nosvicuaace Ha 0,7 °C no cpasuenuro ¢ 2019 e.

Ocpanuuenus uccaedosanusi. JlemanvHulil AHAAU3 U OCHOPOICHAS UHIMEPNPeMaylis HeOOX00UMbL U3-3A CAONCHBIX, HABOOAUUX HA PABMBIUACHUS CBS3ell MeNCOy
Kauecmeom 6030yxa, KAUMAamom, noseoeHuem u 300p08bemM 0peaHo8 ObIXaHUs, BbIAGAEHHBIX 8 IMOM UCCAe008AHUU, 0COOEHHO 80 8peMsi NAHOeMUL.
Bakarouenue. [andemus evizeana Henpedsudenivie usmernenus. Cokpaujenue yucia cayaes 3a001e6aHUs KOPPeAUpyem ¢ yayuuleHuem Ka4ecmeda 6030yxa
01a200aps 10KOAYHAM U NOBEOEHUECKUM U3MEHEHUSIM, 4 y8eauueHue MeMnepamypbl U 0CaoKo8, 803MOJICHO, NPENIMCMEyem pacnpoCmpaHeHur) Namo2eHos.

Karoueeote caosa: nneemonus y demeii; nandemus COVID-19; usmenenus kaumama, sKonoeuteckue acnekmel; Mnoonesus
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Beenenue

ITHeBMOHMS y eTeit SIBISIETCS CEPbE3HOM TJ100aNbHOM MPO-
6yieMOii B MeIUIIMHE, TPeOyoleil MOCTOSTHHOTO BHUMAHUS U
TIPUHSITUS Mep TI0 CHIDKeHUI0 e€ TocaencTsuii [ 1, 2]. CormacHo
MOCJIeAHUM JaHHBIM, B MUPE TTHEBMOHUS SBJSIETCS MPUYMHOMN
npuMepHo 15% Bcex ciiydyaeB CMepTH IeTet B BO3pACTe 10 MITH
JIET, TaKMM 0Opa3oM SBISISICh Bedyllleid NMPUUYMHOM HOeTCKOit
cMmeptHocTH [3]. HecMoTpst Ha mporpecc B 00J1aCTU MEIMLIMHBI,
10 OlleHKaM, TOJbKO B 2021 T. OT MTHEBMOHUY yMepiu 2,5 MITH
nereit [4]. IMocnencTBusi 3Toro 3abojeBaHUs OCOOCHHO OILIY-
TUMBI B CTpaHaX C HU3KWM U CPEIHUM YPOBHEM NOXOMa, Tie
MOCTYIT K KayeCTBEHHOMY MEIMIIMHCKOMY OOCIYyXKUBaHUIO,
MPaBWJIBHOMY MUTAaHUIO U YUCTOM BOIE MOXET OBITh OrpaHM-
YEeHHBIM [5].

B 2022 r. mHEeBMOHUS cTajia BTOPOM JTUAMPYIOLLIEH MTPUINHONK
JIeTCKO cMepTHOCTU B MIHIOHE3uH, 4To MOAUYEpKUBAET OCTPYIO
HEoOXOAMMOCTb Pa3pabOTKM KOMIUIEKCHBIX Mep 1o Oopboe ¢ e€
nocienctBusiMu. IlocnenHue uMerolvecsl NaHHbIE CBUIECTEb-
CTBYIOT O BaXXKHOCTH 3TOI TeMBI, IIOKA3bIBasi, YTO HA TTHEBMOHMIO
NPUXOINATCS 3HAYMTEbHAS T0JIS IETCKUX CMEPTEi B cTpaHe [6, 7].

Hetckasi MTHEBMOHMUS yxXe OblIa OAHOU U3 OCHOBHBIX MPO-
6yieM TI00aNbHOM cucTeMbl 3apaBooxpanedus, Ho COVID-19

YCIIOXHUI cuTyaluio. o maHaeMun THEBMOHUS OblIa OTHOMU
W3 TJIABHBIX NMPUYUH AeTcKoit cmepTtHocTtu [8—10]. HecMmo-
Tps Ha To yto COVID-19 npotekaet y neteit B 6oJiee JErKoi
dopme, OH co3MaET TOMOJHUTEIbHYIO HATPY3Ky Ha MEIUIIMH-
CKME YYPEeXIEeHUS, YTO MOXKET MPUBECTU K 3aAePKKe JeUSHUST
nmHeBMoHuu [11, 12]. I'eorpapuyeckoe pazHoobpasue MHmo-
HE3UM U 3arps3HEHUE OKPYXKalollei cpeabl MOBBIIIAIOT PUCK
pa3BUTHUS JETCKOW IMHEBMOHMU. 3arpsi3HeHUe BO31yXa, Bbl-
3BaHHOE ypOaHM3alMeil U MPOMBIIIJICHHOU AeSTeIbHOCTHIO,
HETaTMBHO BIUSIET Ha PECHUPATOPHYIO CUCTEMYy AeTeil. 3ar-
pSA3HEHUsI aTMOC(EpHOTO BO3MyXa MOTYT BBI3BIBaTh BOCHAJIC-
HHUE U ocJIabjieHne JIETKUX, YTO MOBBIIIAeT PUCK 3a00JIeBaHUS
nmHeBMoHue# [13—15]. 3aboneBaeMOCTh AeTeil IMHEBMOHUEH
YBEJIMUMBAETCST M3-3a ySI3BUMOCTM WMHIOHE3MW K KIWMATH-
yeckuM sABiIeHUsAM. [lepemanbl TeMIiepaTyp M 9KCTpeMalibHbIe
KJIMMaTU4YeCKKe SIBJICHMS, CBSI3aHHbIE C UBMEHEHUEM KJIMMa-
Ta, MPUBOIAT K YXYAIICHUIO UMMYHUTETa, CIIOCOOCTBYS pa3BU-
THI0 MHGeKIMi. TemreparypHble CIBUTH, CKAYKW BIaXXHOCTH
Y TIOCJICICTBUSI CTUXUWHBIX OENCTBUI HapyIIaloT GajaHC 310-
POBbSI IBIXaTeJIbHBIX MTyTE, TOBBIIIAS] PUCK Pa3BUTHS THEBMO-
Hun [16]. s pemeHUs 3Toit Mpo6aeMbl HEOOX0IUMa LIEJTOCT-
Hasl CTpaTeTusl, coueTaroniasl CHUKEHUE YPOBHS 3aTrpsSI3HECHUS
OKpyXalollleil cpeibl, BHEAPEHNE DKOJOTUYECKM YMCTBHIX HC-
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TOYHUKOB 3HEPTUM, 0OecIieyeHre TOTOBHOCTU K CTUXMHHBIM
OCeICTBUSAM M MEIUIIMHCKOE TIPOCBEICHUE. YUET B3aMOCBSI3N
MEXIy KJIUMaTOM M 3I0POBbEM NETEil MMeeT XXKM3HEHHO BaX-
HOE 3HaYeHUe TSI CHUKEHUS TIOCJICACTBUIA THEBMOHUY 1 00e-
crieyeHus 6e3omacHoro oymymero [17, 18].

Ha cerogHsimiHuii 1eHb MccaenoBaHusl, Kacawluecs: MHeB-
MOHUU Y AeTeii, CBI3aHHbIC C U3MEHEHUSMU KJIMMAaTa U OKpYy>Ka-
fo1ieit cpeasl B MHIOHE3M, 04eHb HEMHOTOUYNCIEHHBI.

Lleav uccnedosanuss — n3ydeHue MHEBMOHUU Y JIeTel C ydé-
TOM M3MEHEHUS KIIMMaTa U MEHSIIONIEIICST OKPYyXKaroIlel Cpebl B
WHunone3uun 1o u Bo Bpems nanaeMun COVID-19. Oxunaercs,
YTO pPe3yIbTaThl UCCIEIOBAHUS TTO3BOJISIT TTIO-HOBOMY B3IJISTHYTh
Ha Jie4eHre IeTCKOl THeBMOHUM B HIOHe3nu.

MaTepua.m,l N METOJbI

JlaHHOe WCClIenOBaHUe NPEACTaBIseT COOOM peTpoCIeK-
TUBHOE JIOHTUTIOAHOEC WCCJICIOBaHUE, MPOBEAEHHOE B TEPHOL
2017—2020 rr. Teppuropust ucciienoBaHus Haxoautcst B MHIo-
He3nu. B aT0 MccnenoBaHue BKIIIOYEHBI BCE MPOBUHIMM U TO-
pona MHooHe3nn. B ompoc BKIIIOYAIM TOJBKO MHIOHE3MIACKUX
neteil. MHOCTpaHIIbl, Y KOTOPBIX HET YAOCTOBEPEHUST JIMYHOCTH
WNHnoHe3nn, 13 3TOro ornpoca UCKITIOYEHBI.

Jlannbie

Cayuau nneémonuu y oemeii. JlaHHbIe O TTHEBMOHUHU y IETei
MOJyYeHbl M3 HAIIMOHAJIBHOTO MCCJIEIOBAHUS 3M0POBbSl Hace-
nenust Mumonesuun 3a 2017—2020 rr. ExeromHo oOGciemyeTcst
30,73 mH nerteit mo Bceit Tepputopun Mumoneswu [19]. Bos-
pacT aeTeii B aTom uccienoBaHum coctanisii 0—59 mec [20]. Kon
MKB-10, ucrionb3yeMblii 1151 THeBMOHUU y aeteit, — J14 [21].

Koagpgpuyuenm cmepmrocmu om demckoii nHeemonuu. Koad-
(UUIMEeHT cMEepTHOCTU OT NETCKOW MHEBMOHUM PacCUMTHIBAIU
KaK KOJIMYECTBO JIETCKUX CMEPTEil OT THEBMOHUM B TOM, ICJEH-
HO€ Ha KOJMYECTBO CJIydyaeB IMHEBMOHMUU Yy AeTel B rof, YMHO-
xxeHHoe Ha 100% [22]. JlaHHBIE TTOJYYeHBI U3 €XETOMIHOIOo 00-
CJIeMOBAHUST COCTOSTHMS 3M0POBbs HaceaeHUsT MHIoOHe3n .

Kaumamuueckue uzmenenus u ’3xoaocuneckue danmole

Temnepamypnoie Oannbie. [JaHHBIE O TEMTIEpAType — 3TO CPel-
HeroJoBble JaHHbIE 110 Beeil MHnoHe3nu. JlaHHbIe MoTyyeHbl Ha
OCHOBE €XETOIHOTO OTYETA O CpEeAHUX TeMIlepaTypax B MIHIoHe-
3uu oT HIOHE3nIICKOTo areHTCTBA METEOPOIOTUY, KIIMMATOJIO-
ruu u reopusuku. HabniogeHus 3a remnepaTypoii IpoBOAUINUCH
Ha 185 cTaHuusax HabIIOIEHUS, PACTIONOXEHHBIX 0 Beeir MHmo-
He3uu. B kauecTBe eAMHUIIBI U3MEPEHUST TEMIIEPATYPhl UCTIOJb-
30BaH rpaayc Lleascus (°C) [23].

Janneie o Koauvecmee ocadkog. JlaHHBIE 00 ocamkax TIpes-
CTaBJISIIOT CO00I CpeaHErooBOe KOJIMYECTBO OCAIKOB Ha Tep-
putopun MHmoHe3nn. DTH NaHHBIE TOJYYEHBI U3 €XETOTHBIX
OTYETOB O CpeqHeM KOJIMYECTBE OCankoB B MHmoHe3uwu, mpe-
JIOCTaBJIeHHbIX WHIOHE3MIICKMM areHTCTBOM METEOpOJIOTUH,
kmMarosioru u reodusvuku. Coop HaGMIONEHNIT 3a OcaaKaMu
MpoBoAMJICS Ha 185 craHLMsSX HaOMIOAEHUS, pacIpeaeaEéHHbIX
10 Bceii cTpaHe. B kayecTBe eIMHUIIBI U3MEPEHUSI OCaTKOB UC-
TOJIb3YIOTCSI MIJLTUMETPBI (MM) [24].

Ilokazamenu kauecmea 603dyxa. CBeicHUSI O KauyecTBE BO3-
QIyXa OTHOCSITCSI K KadecTBY aTMochepHoro Bosmyxa. JlaHHBIE
coOpaHbl U3 BCIIOMOTaTeIbHBIX MaTEPUAJIOB C UCTIOIb30BAHUEM
CpPeIHEeroIoBOro IoKasaTesist PM2w5 B UHpoHe3un. UsmepeHue
KOHLEHTpalu PM, ; IPOBOIMIIN C TOMOIIbIO METOIA MTOTJIOLIIE-
HUS 6eTa-U3ITydeHUs] TBEPABIMU YacTULIAaMU (MOHUTOPUHT OeTa-
3aTyxaHusi, Beta Attenuation Monitoring (BAM)) ¢ ennHuuamMu
M3MEpPEHMs] MUKPOTrpaMM Ha Kybudeckuii MeTp (MKr/M?) [25].

Jlocmoseprocms dannbix. VUHpoOpMalLMsg O MHEBMOHUM Y
NIeTell ToJlydeHa Ha OCHOBAHWM IHMAarHO3a, ITOCTaBJIEHHOTO
BpauyoM. OOcienoBaHne MPOBENEHO CEPTUMOUIIMPOBAHHBIM U
opULMATIBHO 3aperuCTPUPOBAaHHBIM B MUHUCTEPCTBE 3Apa-
BooxpaHeHus1 Pecnybnvku MHnoHe3us Bpauom. Bee ucrnonb-
30BaHHbIE TPUOOPHI €XKETOTHO KATUOPYIOTCSI UHAOHE3UICKUM
MPaBUTEIBCTBOM.
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Imuueckoe 00o6penue. JlanHoe WCCIIeIOBAaHUE ITOIYUUIIO
aTryeckoe omodpeHne KomureTa 1o aTvKe UCCIeA0BaHM B 00-
JIaCTM 3IpaBooXpaHeHMsT MHIOHE3Mu ¢ HOMEPOM 3TUYECKOTO
omobpenus No. 2245/UN25.8/KEPK/DL/2023. Bce yuacTHUKM
MCCJIeIOBaHMSI TaJIM CBOE MUCbMEHHOE U YCTHOE MH(MOPMUPO-
BaHHOE COIJIacHe, MOATBEPIUB MOHUMAaHWE LI, TPOLELYD U
BO3MOXHBIX ITOCJIEACTBUIA NCCIIEIOBAHMS.

Cmamucmuueckuti anaau3. TIpyMeHSIBIIMIACS aHAIU3 BKIIO-
YaeT ONKMCATENIbHBIN IOAXO0J, HAIIPaBJIEHHBIA HA U3yYEHUE pac-
MPOCTPaHEHHOCTH, COOTHOIIEHHSI, IIPOLIEHTA M YPOBHSI CMEpT-
HOCTM OT MHEBMOHUHU Y nereil. ITojydyeHHBbIe HaHHBIE OYIyT
BM3YaJIbHO IIPEICTABIEHbI B BUIAE rPapMKOB, YTO YIYYIIUT I10-
HUMaHMe nepenaBaeMoii MHGopmaumu. ExerogHoe npoiueHTHOE
M3MEHEHUE PACCUMTHIBAIN IJIs1 KOJIMYECTBEHHOW OILIEHKU M3Me-
HEHUI IoKa3areieil 3a001eBaeMOCTH C TEYCHUEM BPEMEHM.

Pe3yabTaTsi

YpoBeHb 3ab01€eBaeMOCTH TTHEBMOHUEH cpenut aeteit B MH-
JIOHE3MHU IIPoaoJIKaeT CHUXathest Ha 39,42% ¢ 511 434 ciayyaeB B
2017 r. no Havana nanaemuu 10 309 838 cayyaes B 2020 r., Koraa
npousonuia nannemus COVID-19. YpoBeHb cMEPTHOCTH TaKXKe
cHuswics Ha 47,06% 1o cpaBHEHUIO C MEPHOIOM 10 TTAHAEMUU
U Bo BpeMs naHaemuu B UHnoHe3un (puc.1).

KauectBo aTMOc(hepHOro Bo3ayxa 0 U BO BpeMsl MaHIeMUU
MoKa3aJi0 aHOMaJIbHbIe M3MEHEHWsI BO BpeMsl naHmeMuu. Jlo
mangemun B 2017—2019 rr. TeHAGHINS YXyOIIEHUST COCTaBIIsIIa
51,64%. Omnako B 2020 1. BO BpeMsI MTaHIEMUHU COCTOSIHUE aT-
Moc(epHOro Bo3ayxa yJIydyluiuiaoch (puc. 2).

C temniepatypoii (puc. 3) u ocankamu (puc. 4) Bc€ ObUTIO MHA-
ye: o nanaemuu B 2017—2019 rr. Temneparypa U ocagku UMeIu
TEHIEHIINIO K CHIKeHMIO, HO B 2020 T. OHM Pe3KO BO3POCIIH TI0
cpaBHeHUO ¢ 2019 .: ocanky yBEJIUYUIUCH 10 524 MM, a TeMIIe-
partypa noBeicwiach Ha 0,7 °C.

Oo0cyxnenue

Ciyqam neTckoif MHeBMOHUU B WHIMOHE3WM 10 UM BO Bpe-
Mg COVID-19 obGycnoBneHbl MHOXeCTBOM (akTtopoB. Panee
(2017—2019 rr.) orpaHUYEHHOE MEAULIMHCKOE OOCTYKUBaHUE B
CeJIbCKOU MECTHOCTH, 3arpsI3HEHNE BO3MyXa B IOMEIIEHUSIX 1 Ha
yJIULE, a TAaKXKe HU3KUN YPOBEHb CAHUTAPHBIX YCIOBUIA, BEPOSIT-
HO, NMPYBEJIM K YBEJIMICHUIO YKClia CTydaeB THeBMOHUU. Hemo-
cTaTo9HO 3 GEKTUBHBIE OOIIECTBEHHbIE MEMUIIMHCKIE KaMmIia-
HUU CIIOCOOCTBOBAIM CYOONTUMAILHOM NMpodunakTuke [26—28].
Opnnako Bo Bpems nannemuu COVID-19 B 2020 r. nuHaMuka
U3MEHWJIACh, YTO MPUBEJIO K 3aMETHOMY CHUXKEHUIO YMCIa 3ape-
TUCTPUPOBAHHBIX CITydyaeB MTHEBMOHUM. DTy TEHACHIINIO MOXHO
O0BSICHUTH codyeTaHreM psiia daktopoB. Ocoboe BHUMaHUE K
COOJTIOIEHNIO TTPABWJI TUTUEHBI, HOILIEHUIO MAaCOK U COLIMAJIbHOM
NIMCTaHIIMU 7151 TpenoTBpalleHus pacnpocrpaHeHus COVID-19
HEBOJIBHO MIPUBEJIO K CHIDKEHUIO PACIIPOCTPAHEHUST IPYTUX pe-
CIIUPATOPHBIX MHGbEKUMA, B TOM uyucie MHeBMOHUU. Kpowme
TOTO, 3aKPHITHE IITKOJ U OTPAaHUYEHUS Ha TIepeIBIDKEHNE TIPU-
BEJIM K COKpAIIEHUIO OOBEMOB MIPOMBIIITIEHHON AESITEeIbHOCTH
M BBIXJIOTIOB aBTOTPAHCIIOPTA, YTO BIOCIESACTBUU YJIYYIIUIO
KavecTBO BO3IyXa, UMEIOIee pelraollee 3HaYeHUe I 300PO-
BbSI IBIXaTeJIbHBIX MyTel. 3aKpbITHE IIKOJ XOTSI U OBbUIO HEMpPO-
CTOIf 3a/1a4eil, HO OTPaHNIMBAJIO TECHOE B3aMMOICICTBIE MEXITY
JIeTbMU, TEM CAMBIM MPETSITCTBYs JETKON mepenaye MHOEKInii
B MecTax CKoruieHus moaei [29—32].

YcnoBust maHAEMHUY TAaKKe 3aCTABIUIN YIETUTH OOJIbIIE BHU-
MaHMsl MEAUIMHCKON WMH@PACTPyKType U TMOArOTOBIEHHOCTH.
DTO MOTJIO TIPUBECTH K YAYYIIEHUIO NOCTYIA K METUIIMHCKUM
yupexneHusiM, 6osnee 3¢h@MEKTUBHONM TUArHOCTHKE M CBOEBpE-
MEHHOMY JIeYeHMIO CJTydaeB THeBMOHMM. VI Ha060poT, Ha CHM-
XEHUe 4YKciia CJy9aeB MTHEeBMOHUM BO BpeMsI MAHAEMUU MOTJIU
TOBJIUSITh U3MEHEHUST B MEXaHU3Max cOopa TaHHBIX U OTYETHO-
CTH, BBI3BaHHBIC HAPYIICHUSIMU B pab0OTe MEIMITMHCKUX CITYkKO0.
Herounas xiaccudukanus ciaydaeB WM HECBOEBPEMEHHas!
OTYETHOCTD MOIJIM MOBJIMSTh HA BUAMMOE CHUXKEHME 3a00JeBae-
MOCTH ITHeBMOHMeit [33, 34].

OpurnHanbHasi cratbsi

WNnTepecHast B3aMMOCBSI3b MEXAY Cly4asiMM MHEBMOHUU
y IeTell, KauyecTBOM aTMOC(epHOro BO3IyXa, TeMIepaTyp-
HBIM PEXMMOM U KOJIMYECTBOM OCAIKOB BO BpeMsl MaHAEMUU
COVID-19 B 2020 r. npencrasisieT cO00U CI0XHYIO CTPYKTY-
Py TOTEHIUATBHBIX KOPPENsuii. XOTs TPSMYIO TPUYUHHO-
CJIEICTBEHHYIO CBSI3b YCTAHOBUThH CJIOXHO, COBMAIEHME 3TUX
(bakTOpoB TO3BOJISIET TPEANONOXUTh HAIWYUE HECKOJIbKUX
B3aMMOCBSI3aHHBIX JUHAMHWYECKUX TeHAeHIul. CHUXeHue 3a-
0osieBaeMOCTH ITHEBMOHME cpenu nereit B UHIoHe3uu Bo Bpe-
MsI TTAHAEMWU MOXET OBITh CBSI3aHO C YJIydYIlIEeHWEeM KavyecTBa
Bo3nyxa. CHUXeHue 3arpsi3HEHUS], BbI3BAHHOE OTPaHUYEHHBIM
pPa3BUTHEM TPOMBINIIEHHOCTH W TPAHCIIOPTa, MOTJIO YMEHb-
IIUTh PUCK BOCMANEHUS NBIXaTeJbHBIX MyTell W MHOEKUW.
O4YuIIeHHBIII BO3AYX MOT MPEMSITCTBOBaTh PaclpoCTpaHEHUIO
BO30yauTeNeil mHeBMOHUU [35, 36].

Bo-BTOpBIX, MOBBILIEHUE TEMIIEPATYP U YBEJTUYEHHUE KOIUYE-
CTBa 0CAIKOB, HAOTIOMABIITNECS B TOT XK€ TIEPUOJT, MOTJIN ChITPaTh
CBOIO POJIb B CHIXKEHUM 3a00JIeBa€MOCTH ITHEeBMOHUel. bonee
BBICOKME TEMIEPATYpbl MOIJIM MPEMSTCTBOBATh BBDKMBAHUIO U
nepenadye HEKOTOPBIX TMATOTEHHBIX MUKPOOPTAHWU3MOB, BBHI3bI-
BalOIIMX pecrupaTopHbie MH(pekuuu. Kpome Toro, ypeanueHue
KOJIMYECTBA OCATKOB MOIJIO CITOCOOCTBOBATH OUYMIICHUIO BO3-
IyXa OT 3arpsI3HSIONINX BEIIECTB, YITyYIIEHUIO OOIIEero KayecTBa
BO3/yXa U, KaK CJIEICTBHE, CHUXXEHHUIO 3a00J1eBaéMOCTU PECIIU-
patopHbiMU UHGekuusaMu [37, 38].

I[TomMumo sTOro, KiaumaTrudyeckue (HakToOpbl MOTYT MMETh
CJIOXKHYIO B3aIMOCBSI3b C IMMYHHBIM OTBETOM. XOTSI 60Jiee BbI-
COKME TEeMITepaTyphl MOTYT OBITH CBSI3aHBI C MEHBIITNM KOJUYe-
CTBOM MHGEKLUI, OHU TaKKe MOTYT BIMSITh HA UMMYHHYIO 3a-
IIUTY OpraHu3Ma. Peakiinss UMMYHHOU CUCTeMBI Ha MH(MEKIINT
MOXET 3aBHCETh OT NMOTOAHBIX YCIOBUIA, YTO MOTEHIIUAIBHO MO-
KET TIOBJIMSATh Ha CTENeHb TSDKECTH M PACIPOCTPAHEHUST TaKMX
3a00JIeBaHMi1, KaK ITHEBMOHUS [39].

B KoHeYHOM uTOre M3MEHEHUs B €XEIHEBHBIX MPUBBIYKAX,
BBI3BAaHHBIC TMaHIeMUEl, TaKhe KakK TIOBBIIIICHUE COOIOACHUS
TUTUEHNYECKUX HOPM, HOIIIEHUE MacOK U M30eraHue MecT Mac-
COBOTO CKOIUICHHUS JIIOAEH, MOIJIM CITIOCOOCTBOBAaTh CHUXKEHUIO
YuUCIa cydaeB ITHEBMOHUU. DTU Mephl B COYETAHUU C YITydllle-
HMEM KauyecTBa BO3/yXa U MOTEHUUAIbHO 00YCIOBIEHHBIM BIU-
STHUEM KJIMMaTa Ha MaToreHbl MOTJIM B COBOKYITHOCTHM CO31aTh
cpeny, MPEISITCTBYIONIYIO IepeHocy nHpekuit [40].

BaxkHO MOAXOAUTE K 3TUM KOPPEJSILIUSM C OCMOTPUTENb-
HOCTBIO, YYUTHIBAs MHOXECTBO BIUSIONIUX (haKTOPOB. XOTS
9TU CBSI3M HABOMSIT Ha OMPENeIEHHbIE MBICIH, IJI5I X MTOJTHOTO
PACKpPBITHSI TIOTPEOYIOTCST Gojiee MeTalbHBIN aHAJIM3 MaHHBIX,
CTaTUCTUIECKOE MONETMPOBAHKE 1, BOBMOXHO, TTOIKOHTPOJIb-
Hble HayuyHble uccienoBaHus. TeM He MeHee HaOy0gaeMble
TEHIEHIIMM TOMYEPKMBAIOT HaIWYME B3aMMOCBSI3el MeXIy
KavuecTBOM BO3AyXa, KIMMaTUIeCKUMU (aKTopaMu, U3MEHe-
HUSIMU TIPUBBIYEK B COOMIONEHUU TUTUEHUYECKUX TPEOOBaHU I
U COCTOSTHUEM 3[0POBbSI PECIIMPATOPHON CUCTEMBI BO BpeMsI
MaHAEeMUU.

3aKiouyeHune

AHanu3 ciydyaeB JAETCKOM ITHEBMOHUM A0 M BO BpeMms
COVID-19 B UHIoHE3UHU C yYETOM KIUMATUYECKUX U IKOJOTH-
4ecKnx (HhaKTOPOB TMO3BOJISIET BBISIBUTH KOMILIEKCHBIE B3aUMOC-
Bsi3u. [lo maHmemMuu takue akTopbl, KaK OrpaHUUYEHHOE Meau-
IIMHCKOE 00CITy>KNBaHWe, TUTUEHA U 3aTrpsi3HEHNE OKPYKarolei
cpelbl, MPUBOIUIIY K YBETUUEHUIO YUCIIA CITydaeB 3a00IeBaHMUSI.
BbI3BaHHbBIE TaHAEMUEN OTpaHUYEHUS YIyUIIAIM KaueCTBO BO3-
IyXa, 4TO, BO3MOXHO, TIPUBENIO K CHUKEHUIO 3a001eBa€MOCTH.
[ToBbllIeHNEe TeMIlepaTyp U KOJMYECTBA OCAAKOB TakKXKe MOTJIO
MPEMNSITCTBOBATh PACMPOCTPAHEHUIO TaToreHoB. OaHAKO s
TIOJTHOTO TIPEACTABIEHUST HEOOXOIUMO TTPOBECTU JOTIOTHUTEIb-
Hble KCCIIeOBaHUS. DTO MOAYEPKUBAET CBSI3b MEXIY KIMHU-
YeCKUMM YCIOBUSIMU W COCTOSTHHEM 3[0POBbBSI, a TaKKe yKa3bl-
BaeT Ha HEOOXOAMMOCTh MPUMEHEHUsI KOMILJIEKCHOTO IMOAX0na
K 00pbOe ¢ JeTCKON MHEBMOHUEH B yCIOBUSIX, HE CBSI3aHHBIX
C MaHIECMUEN.
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