Short communications Kpatkune coobieHus

Russian Journal of Infection and Immunity = Infektsiya i immunitet NHdekums n uMmyHnTeT
2025, vol. 15, no. 6, pp. 1191-1196 2025, T. 15, Ne 6, c. 1191-1196

THE IMPACT OF COVID-19 ON RESPIRATORY )
TRACT MICROBIOTA PATTERN IN PATIENTS il
WITH SEVERE PNEUMONIA

M.O. Zolotov, A.V. Kozlov, L.R. Shafigullina, A.V. Lyamin

Samara State Medical University of the Ministry of Health of the Russian Federation, Samara, Russian Federation

Abstract. COVID-19 weakens the body’s immune system and predisposes to bacterial infections. It has been
increasingly evident about changes in the etiological pattern of pneumonia pathogens due to altered lung microbiota
after viral pneumonia, the effect of SARS-CoV-2 on the immune system, and antibiotics taking as part of preventing
secondary bacterial infection. Our study was aimed to analyze the dynamic change in the pattern of the respiratory
tract microbiota in patients with severe pneumonia in the years from 2019 to 2023. There were enrolled 304 patients
with pneumonia diagnosed after X-ray examination assessed from January 2019 to December 2023 inclusive.
During the pandemic, all the investigated patients had a positive SARS-CoV-2 PCR result, and in the period
after the pandemic all the examined patients were negative. Sputum samples delivered to the laboratory, where we
performed microbiological culture with identification by MALDI-ToF mass spectrometry. In the pre-COVID-19
pandemic, 62 sputum samples were analyzed, among which Klebsiella pneumoniae and Stenotrophomonas maltophilia
were the most common found in 21% and 17.7%, respectively. Both Acinetobacter baumanii and Staphylococcus aureus
were isolated in 14.5% cases. Streptococcus pneumoniae was found in 8.1% cases. During the COVID-19 pandemic,
122 samples were evaluated allowing to observe that K. pneumoniae accounted for half of all isolated microorganisms.
The second most common was A. baumannii (23.8%). In the post-pandemic period, 120 samples were analyzed, from
which K. pneumoniae was mainly identified (31.7%). The next most frequent among pathogens were S. aureus and
A. baumannii — 23.3% and 18.3%, respectively. In this way, there was a statistically significant change in the frequency
of detection of Gram-positive and Gram-negative microorganisms in ICU patients during the study periods. Before
the COVID-19 pandemic, the proportion of Gram-negative microorganisms in the pattern of pathogens was 67.7%,
during the pandemic — 91.0%, in the post-pandemic period — approached the values of 2019—-2020 and amounted
to 70.0% (p < 0.001). K. pneumoniae and A. baumannii were the most frequently found, however, the statistical
significance of the changes was observed only for K. pneumoniae (p < 0.005). An insignificant decline in the detection
rate of pneumococcus was established as well. The frequency of staphylococcal discharge after coronavirus infection
exceeded the pre-pandemic magnitude (p < 0.001).
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BJINAHUE COVID-19 HA CTPYKTYPY MUKPOBMNOTbI PECMTUPATOPHOIO TPAKTA Y MALMEHTOB
C TS)XENOW NHEBMOHMUEMN

3os0ToB M.O., Ko3aos A.B., Illaduryaauna JI.P., Jiamun A.B.

OI'EOY BO Camapckuii eocyoapcmeentultii meduyunckuii ynugepcumem Munsdpasa Poccuu, e. Camapa, Poccus

Pestome. Bsedenue. COVID-19, ocnabisss MMMYHHYIO CUCTEMY OpraHM3Ma, IpeapacrosaraeT K MpUcoeIMHEHUI0 OaK-
TepPUANbHBIX MHPEKIIUI. YBETUINBACTCS KOJUUSCTBO COOOIICHU 00 M3MEHEHUH 3TUOJOTUIECKON CTPYKTYPHI BO3-
OyauTesell THEBMOHUHU BCICACTBHE M3MCHEHMS MUKPOOMOTHI JICTKUX ITOCHIE TICPEHECCHHOM BHPYCHOM ITHEBMOHWH,
pausgHUS SARS-CoV-2 Ha UMMYHHYIO CUCTEMY, IIprieMa aHTUOMOTUKOB B paMKax MPOPUIAKTHKY BTOPHMIHOM 0aKTe-
puaabHOM mHbeKInH. Lleabio Halllero uccaeoBaHMs OBIIO TPOaHATN3MPOBATh IMHAMMYECKOE N3MECHEHUE CTPYKTYPBI
MUKPOOUOTHI bIXaTEIbHBIX MyTeH Y MALIMEHTOB C TsXeoi mHeBMoHuel B epuon ¢ 2019 mo 2023 r. Mamepuanws u me-
modsl. BuccnenoBanuum yuactoBasio 304 manueHTa c TMarHo30M «ITHEBMOH U SI», YCTAHOBJIEHHBIM ITOCJIE PEHTT€HOJIOT -
YeCKOi TMarHocTukH, ¢ ssuapst 2019 1. mo nexadbpb 2023 T. BKIIOYUTEIBHO. B epro maHaeMuu y BCeX NCClieNOBaHHBIX
MaLMeHTOB ObLI 3apEerMCTPUPOBAH MOJOXUTENbHBIN pe3yabraT [TLIP-Tecta Ha SARS-CoV-2, a B mepuoa nmocie maHmae-
MMM — OTpULIATeNbHbIA. OOpa3Lbl MOKPOTHI JOCTABJISIM B TaOOPATOPHIO, Ie MPOBOAMIN MUKPOOUOJOTMYECKU MO~
ceB ¢ uneHTudukamueit Meronom MALDI-ToF macc-cniektpoMeTpuu. Pesyssmamost. B nepuon no manaemuu COVID-19
ObLIIO MPOaHaINM3UPOBaHO 62 0Opasiia MOKpoThl. Hanbosee yacto Bctpevanuch Klebsiella pneumoniae n Stenotrophomonas
maltophilia — 21 v 17,7%. B paBHoIi cTerieHu ObUIM BbIAENEHDBI Acinetobacter baumannii v Staphylococcus aureus — 14,5%.
Streptococcus pneumoniae BbiceBaiics B 8,1% ciyuae. B mangemuio COVID-19 6biiia mpoBezieHa olieHKa 122 aHa 1308,
I10 pe3yJIbTaTaM KOTOPBIX MOJIOBMHY OT BCEX BbIACIEHHBIX MUKPOOPraHU3MOoB cocTaBui K. pneumoniae (50,8%). Bropbim
I10 BCTPEYaeMOCTH sIBiIsiIcs A. baumannii — 23,8%. B nepuon mociie naHaeMuu ObLIO TpoaHaau3upoBaHo 120 06pas31ios,
13 KOTOPBIX IIPEUMYIIECTBEHHO BhiceBajics Bun K. pneumoniae (31,7%). CiaenyioluMu 110 4aCTOTE BbISIBJIEHUI ObLIN
S. aureus n A. baumannii. — 23,3 n 18,3% coorBercTBeHHO. TakuM 00pa3oM, ObLJIO BLISIBJIEHO CTATUCTUYECKHU 3HAYM-
MO€ U3MEHEHHE YaCTOTH 00HAPYKEHU ST TPAMITOJIOXKUTETbHBIX M TPAMOTPHUIIATeTbHBIX MUKPOOPTaHU3MOB Y TTAIIEHTOB
OPUT B uccnenyembie nepuonbl. o nanaemun COVID-19 noss rpaMoTpuLaTeIbHbIX MUKPOOPTaHU3MOB B CTPYKTYPE
BO30ynuTENER cocraisia 67,7%, B nepuon manaeMun — 91,0%, B mocTmaHaAeMUITHBIA — MPUOIU3KIIACE K 3HAYEHUSIM
2019-2020 rr. u coctaBmia 70,0% (p < 0,001). HanGoee yacto BoiceBaiauch K. pneumoniae i A. baumannii, OMTHaKO CTaTH-
CTHUYEeCKasi 3HAYMMOCTb U3BMEHEHUIi OblJla ycTaHOBJIeHA TOJbKO 181 K. pneumoniae (p < 0,005). OTMeuanoch CHUXEHUE
YacTOThl 0OHAPYXKEHM ST THEBMOKOKKA, OMHAKO CTAaTUCTUYECKasi 3HAUMMOCTD He Obljla ycTaHOBJIeHa. YacToTa Bhiaeie-
HUS cTaDUIOKOKKOB B MIEPUOJI ITOCIe KOPOHABUPYCHOM MH(EKLIMU TTpeBbICKIIa fJommaHaeMuitHble 3HaueHus (p < 0,001).

Karouesvie caosa: COVID-19, nnesmornus, bakmepuanvias kounpexuus, Klebsiella pneumoniae, muxpoduoma, pechupamopHuiiit mpaxm.

lymphopoiesis and induction of apoptosis of CD4*
T cells, causing lymphocyte depletion [2].

Inroduction

In December 2019, the coronavirus infection was
first reported in Wuhan, China. On March 11 2020,
the World Health Organization (WHO) declared
a COVID-19 pandemic.

The causative agent of the infection is the severe
acute respiratory syndrome virus SARS-CoV-2.
SARS-CoV-2 has a tropism for lung tissue, where
it causes diffuse alveolar damage, leading to exten-
sive lung lesions. The pathogen binds to angiotensin-
converting enzyme 2 receptors, penetrating the cell,
triggers pattern recognition receptors responsible
for the innate antiviral response. Start producing
Interferons (IFN) types I, IFN III and proinflam-
matory cytokines [6]. The virus produced factor in-
hibition of IFN, which leads to dysregulation of the
immune system and excessive release of proinflam-
matory cytokines, chemokines, and factors migration
of immune cells (macrophages, neutrophils, mono-
cytes and lymphocytes). Development of hyperac-
tivation of the immune response (cytokine storm)
leads to depletion of the immune system and an in-
crease in the pathological process. SARS-CoV-2 also
suppresses the cellular immune response impaired

Bacterial complications develop in 6.9% patients
with COVID-19 [3]. Bacterial co-infections are de-
veloping within 4—14 days from infection and leads
to severe pneumonia. Complications occur signifi-
cantly more often in patients undergoing treatment
in intensive care unit (ICU). They reach 14—40%,
and fatal outcomes in ICU patients occur in 50% or
more cases [4, 10].

The development of bacterial pneumonia
in COVID-19 patients is associated with a disruption
of the mucous barrier and mucociliary clearance,
as well as a weakening of specific defense factors.
As a result, the respiratory tract favorable conditions
are created for bacterial colonization [8]. The ag-
gressive synergism of bacteria and viruses increases
the hyperactivation of the immune response and
leads to a “cytokine storm”, which negatively affects
the outcome of the disease [11].

Before COVID-19 pandemic the most common
pathogens of bacterial pneumonia were Streptococcus
pneumoniae and Haemophilus influenzae. S. pneumo-
niae is isolated in 30—50% of cases, and H. influen-
zae — up to 25%. The role of gram-negative bacteria
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is also increasing, including in patients undergoing
inpatient treatment [7, 13].

During the pandemic, there was a change in the
structure of microorganisms isolated from the spu-
tum of COVID-19 patients. In the first months
of the pandemic, there was a decrease in the num-
ber of pneumonias caused by S. pneumoniae. In the
spring of 2021, their number reached pre-pandemic
levels. This was due to the circulation of seasonal vi-
ral infections, such as influenza [12].

During pandemic, there was also an increase
in bacterial concomitant complications caused by
Klebsiella pneumoniae and Acinetobacter bauman-
nii [1, 5]. K. pneumoniae was mainly isolated from
patients with severe pneumonia and comorbidities.
It has been established that coinfection of pneumonia
caused by K. pneumoniae and COVID-19 is accompa-
nied by a high 28-day mortality rate [9]. The highest
mortality was observed in the group of patients with
hospital-acquired pneumonia — 39.6%. Mortality
from community-acquired pneumonia was 27.9%.
The addition of bacterial pathogens worsens the con-
dition of patients and increases the risk of death [14].

After pandemic changes in the etiological struc-
ture of pneumonia pathogens are possible. This could
be due to the uncontrolled use of antibiotics during
the pandemic, as well as the effect of SARS-CoV-2
on the immune system and lung tissue.

The aim of this study was to analyze the dynamic
change in the structure of the respiratory tract mi-
crobiota in patients with severe pneumonia from 2019
to 2023 years.

Materials and methods

We analyzed the results of microbiological exami-
nation of sputum from 304 patients treated in the ICU
with a diagnosis of pneumonia from January 2019
to December 2023 inclusive. The study stages were
divided into three periods: before (January 2019—
March 2020), during (April 2020—June 2022) and af-
ter (July 2022—December 2023) the COVID-19 pan-

%
60 T

demic. The diagnosis of COVID-19 was confirmed
by polymerase chain reaction. In the post-COVID
period, all patients had negative test results of SARS-
CoV-2. Pneumonia was confirmed by X-ray diagnos-
tic methods.

Sputum samples were collected in sterile contain-
ers and delivered to the laboratory within two hours.
The material was plated on nutrient media includ-
ing 5% blood agar with defibrinated sheep blood
(HiMedia, India), chromogenic agar for urinary
tract infections (Condalab, Spain) and Mueller-
Hinton agar (CondaLab, Spain). The grown cultures
were identified by MALDI-ToF mass spectrom-
etry on a Microflex LT mass spectrometer (Bruker,
Germany). During the study, 304 strains of microor-
ganisms were identified.

Statistical analysis was performed using
StatTech v. 4.7.2 (developer: StatTech LLC, Russia).
Comparisons of percentages in multifield contin-
gency tables were performed using the Pearson chi-
square test. Post hoc comparisons were performed
using the Pearson chi-square test with Holm’s cor-
rection. Differences were considered statistically sig-
nificant at p < 0.05.

Results

The dynamics of changes in microorganisms
isolated from clinical material are presented in Fig.
In the pre-COVID-19 period, 62 samples were ex-
amined. The most frequently detected bacteria were
K. pneumoniae and Stenotrophomonas maltophilia,
isolated in 21.0% and 17.7% of cases, respectively.
A. baumannii and Staphylococcus aureus were detect-
ed with the same frequency of 14.5%. Streptococcus
pneumoniae was isolated in 8.1% of cases. Order
Enterobacterales, excluding the genus Klebsiella, was
isolated in 9.7%.

During the coronavirus pandemic 122 sputum
samples were evaluated. K. prneumoniae was de-
tected in half of all samples. The second most com-
mon pathogen was A. baumannii — 23.8%. Order
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Figure. Structure of isolated microorganisms
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Table 1. Changes in the frequency of isolation of gram-positive and gram-negative microorganisms during

the study periods
Microorganisms | Presence in clinical material Periods
9 Before COVID-19 COovID-19 After COVID-19 P
N Not found 45 (72.6%) 112 (91.8%) 84 (70.0%)
- <0.001
Gram-positive Found 17 (27.4%) 10 (8.2%) 36 (30.0%) 0.00
) Not found 20 (32.3%) 11 (9.0%) 36 (30.0%)
- <0.
Gram-negative Found 42 (67.7%) 111 (91.0%) 84 (70.0%) 0.001
Table 2. Changes in the frequency of pathogen isolation
. . Presence in clinical Periods p-test
M .
eroorganisms material Before COVID-19] _ COVID-19 | After COVID-19 | value
Not discovered 53 (85.5%) 114 (93.4%) 92 (76.7%)
<0.
Staphylococcus aureus Found 9 (14.5%) 5 (6.6%) 28 (23.3%) 0.001
SirentococeUs peumoniae Not discovered 57 (91.9%) 120 (98.4%) 115 (95.8%) 0105
P p Found 5 (8.1%) 2(1.6%) 5 (4.2%) '
. Not discovered 52 (83.9%) 119 (97.5%) 118 (98.3%)
h Itophili <0.
Stenotrophomonas maltophilia Found 10 (16.1%) 3 (2.5%) 2(1.7%) 0.001
] . Not discovered 48 (77.4%) 60 (49.2%) 82 (68.3%)
<
Klebsiella pneumoniae Found 14 (22.6%) 62 (50.8%) @17 |00
. .. Not discovered 53 (85.5%) 93 (76.2%) 98 (81.7%)
A .291
cinetobacter baumannii Found 9 (14.5%) 29 (23.8%) 22 (18.3%) 0.29
L , Not discovered 57 (91.9%) 117 (95.9%) 113 (94.2%)
Escherichia coli Found 5(8.1%) 5 (41%) 7(5.8%) 0.536
. Not discovered 60 (96.8%) 117 (95.9%) 112 (93.3%)
P 51
'seudomonas aeruginosa Found 2(3.2%) 5 (4.1%) 86.7%) 0.513

Enterobacterales (except K. pneumoniae) were iden-
tified in 9.0%. Pneumococcus was isolated in 1.6%
of cases, Stenotrophomonas maltophilia — 2.5%.

In post-COVID period, 120 patients were exam-
ined. K. pneumoniae was isolated in 31.7% of cases.
Also dominated S. aureus (23.3%) and A. baumannii
(18.3%). Order Enterobacterales, except for K. pneu-
moniae, were isolated in 10.0% of cases, S. pneumo-
niae — 4.2%. The share of Stenotrophomonas malto-
philia was 1.7%.

Discussion

Our study revealed a statistically significant
change in the frequency of detection of microorgan-
isms in ICU patients (Table 1). Before the COVID-19
pandemic, the proportion of gram-negative microor-
ganisms was 67.7%. During the pandemic, it reached
91.0%, and in the post-pandemic period it ap-
proached the pre-COVID-19 values and amounted
to 70.0% (p < 0.001). Despite the decrease in the fre-
quency of isolation of gram-positive microorganisms
during the pandemic, in the post-pandemic period
their proportion increased and began to correspond
to pre-COVID-19 values.

The following results were obtained when ana-
lyzing the frequency of isolation of various microor-
ganisms (Table 2). Before the COVID-19 pandemic,
a high frequency of detection of Stenotrophomonas
maltophilia was observed. However, the frequency

of isolation of the pathogen decreased from 17.7%
in the pre-COVID-19 period to 1.7% in the post-
pandemic period (p < 0.001).

K. pneumoniae was detected with high frequency
in the pre-COVID-19 period. During the COVID-19
period, the proportion increased from 21.0%
t0 50.8%, but in post-COVID-19 period, it decreased
to 31.7%. The changes in the frequency of K. pneumo-
niaeisolation were statistically significant (p <0.005).

There is a slight change in the frequency of oc-
currence of other representatives of the order
FEnterobacterales, except K. pneumoniae. During
the COVID-19 period, their number decreased from
9.7% t0 9.0%, and in the post-pandemic period, it ex-
ceeded pre-pandemic values — 10% (p = 0.966).

The dynamics of A. baumannii detection varied
from 14.5% in the pre-COVID-19 period and reached
a maximum during the pandemic — 23.8%. At the end
of the pandemic, a decrease in the frequency of patho-
gen isolation to 18.3% was revealed (p = 0.291).

Pseudomonas spp. was isolated from 3.2% in pre-
COVID-19t0 4.1% during the pandemic and amount-
ed to 6.7% in the post-COVID-19 period. These
changes were not statistically significant (p = 0.513).

During the COVID-19 period, a decrease in the
proportion of isolated S. aureus was noted from
14.5% to 6.6% compared to pre-COVID-19 values.
In the post-COVID-19 period, the frequency of mi-
croorganism isolation exceeded pre-pandemic values
and reached 23.3% (p < 0.001).
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There was a downward trend in the pneumococ-
cal detection rate (p = 0.105). It decreased from 8.1%
in the pre-COVID-19 period, reached a minimum
during the pandemic (1.6%), and was 4.2% in the
post-COVID-19 period. The findings are consist-
ent with literature data, which also noted a decrease
in S. pneumoniae during COVID-19 and an increase
in the subsequent period [12].

Thus, in all the studied periods, there was a high
frequency of detection of pathogens of nosocomial
pneumonia in ICU patients. Before the COVID-19
pandemic, gram-negative pathogens (K. pneumoniae,
A. baumannii, S. maltophilia) were most often isolat-
ed. Among gram-positive microorganisms, S. aureus
and S. pneumoniae were dominated.

During the COVID-19 period, a decrease in the
diversity of bacterial pathogens of pneumonia and an
increase in the isolation of nosocomial pathogens,
especially K. pneumoniae and A. baumannii, were
noted. In our opinion, this is due to the infection
of patients with COVID-19 with bacterial microflora

in hospitals, where gram-negative pathogens domi-
nate. The transmission of S. aureus from staff to pa-
tients was difficult, since personal protective equip-
ment was used.

In the post-COVID-19 period, changes in the
ratio of pathogen detection rates with preserva-
tion of their generic structure have been identified.
However, further monitoring of pathogens causing
severe pneumonia is required.

Conclusion

Thus, one of the global consequences of COVID-19
may be the spread of gram-negative flora often hav-
ing antibiotic resistance. To prevent the further spread
of these strains, it is necessary to conduct mandatory
microbiological testing of clinical material in patients
with pneumonia, use modern diagnostic methods, de-
termine the sensitivity of bacteria to antibiotics and
the minimum inhibitory concentration for justified tar-
geted therapy.
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