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Abstract 

COVID-19 weakens the body's immune system and predisposes to bacterial 

co-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 coinfection. 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 
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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).  

 

Keywords: COVID-19, pneumonia, bacterial infection, Klebsiella 

pneumoniae, microbiota, respiratory tract.
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Резюме 

COVID-19, ослабляя иммунную систему организма, предрасполагает к 

присоединению бактериальных ко-инфекций. Увеличивается количество 

сообщений об изменении этиологической структуры возбудителей пневмонии 

вследствие изменения микробиоты легких после перенесенной вирусной 

пневмонии, влияния SARS-CoV-2 на иммунную систему, приема 

антибиотиков в рамках профилактики вторичной бактериальной коинфекции. 

Целью нашего исследования было проанализировать динамическое изменение 

структуры микробиоты дыхательных путей у пациентов с тяжелой 

пневмонией в период с 2019 г. по 2023 г. Материалы и методы. В 

исследовании участвовало 304 пациента с диагнозом пневмония, 

установленным после рентгенологической диагностики, с января 2019 г. по 

декабрь 2023 г. включительно. В период пандемии у всех исследованных 

пациентов был положительный результат ПЦР-теста на SARS-CoV-2, а в 

период после пандемии – отрицательный. Образцы мокроты доставляли в 

лабораторию, где проводили микробиологический посев с идентификацией 

методом MALDI-TOF масс-спектрометрии. В период до пандемии COVID-19 

было проанализировано 62 образца мокроты. Наиболее часто встречались 

Klebsiella pneumoniae и Stenotrophomonas maltophilia – 21% и 17,7%. В равной 

степени были выделены Acinetobacter baumannii и Staphylococcus aureus – 

14,5%. Streptococcus pneumoniae высевался в 8,1% случаев. В пандемию 

COVID-19 была проведена оценка 122 анализов, по результатам которых 

половину от всех выделенных микроорганизмов составил K. pneumoniae 

(50,8%).  Вторым по встречаемости являлся A. baumanii – 23,8%. В период 

после пандемии было проанализировано 120 образцов, из которых 

преимущественно высевался вид K. pneumoniae (31,7%). Следующими по 

частоте обнаружений являлись S. aureus и A. baumannii. – 23,3% и 18,3% 

соответственно. Таким образом, было выявлено статистически значимое 

изменение частоты обнаружения грамположительных и грамотрицательных 



ВЛИЯНИЕ COVID-19 НА СТРУКТУРУ МИКРОБИОТЫ РЕСПИРАТОРНОГО ТРАКТА У 

ПАЦИЕНТОВ С ТЯЖЕЛОЙ ПНЕВМОНИЕЙ. 

THE IMPACT OF COVID-19 ON THE STRUCTURE OF RESPIRATORY TRACT MICROBIOTA IN 

PATIENTS WITH SEVERE PNEUMONIA 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 

микроорганизмов у пациентов ОРИТ в исследуемые периоды. До пандемии 

COVID-19 доля грамотрицательных микроорганизмов в структуре 

возбудителей составляла 67,7%, в период пандемии – 91,0%, в 

постпандемийный – приблизилась к значениям 2019-2020 гг. и составила 

70,0% (p<0,001). Наиболее часто высевались K. pneumoniae и A. baumannii, 

однако статистическая значимость изменений была установлена только для K. 

pneumoniae (p≤0,005). Отмечалось снижение частоты обнаружения 

пневмококка, однако статистическая значимость не была установлена. Частота 

выделения стафилококков в период после коронавирусной инфекции 

превысила допандемийные значения (p<0,001).  

 

Ключевые слова: COVID-19, пневмония, бактериальная коинфекция, 

Klebsiella pneumoniae, микробиота, респираторный тракт. 
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1 Inroducrion 1 

In December 2019, the coronavirus infection was first reported in Wuhan, 2 

China. On March 11 2020, the World Health Organization (WHO) declared a 3 

COVID-19 pandemic. 4 

The causative agent of the infection is the severe acute respiratory syndrome 5 

virus SARS-CoV-2. SARS-CoV-2 has a tropism for lung tissue, where it causes 6 

diffuse alveolar damage, leading to extensive lung lesions. The pathogen binds to 7 

angiotensin-converting enzyme 2 receptors, penetrating the cell, triggers pattern 8 

recognition receptors responsible for the innate antiviral response. Start producing 9 

Interferons (IFN) types I, IFN III and proinflammatory cytokines [1]. The virus 10 

produced factor inhibition of IFN, which leads to dysregulation of the immune 11 

system and excessive release of proinflammatory cytokines, chemokines, and factors 12 

migration of immune cells (macrophages, neutrophils, monocytes and lymphocytes). 13 

Development of hyperactivation of the immune response (cytokine storm) leads to 14 

depletion of the immune system and an increase in the pathological process. SARS-15 

CoV-2 also suppresses the cellular immune response impaired lymphopoiesis and 16 

induction of apoptosis of CD4+ T cells, causing lymphocyte depletion [2]. 17 

Bacterial complications develop in 6.9% patients with COVID-19 [3]. 18 

Bacterial co-infections are developing within 4-14 days from infection and leads to 19 

severe pneumonia. Complications occur significantly more often in patients 20 

undergoing treatment in intensive care unit (ICU). They reach 14-40%, and fatal 21 

outcomes in ICU patients occur in 50% or more cases [4, 5]. 22 

The development of bacterial pneumonia in COVID-19 patients is associated 23 

with a disruption of the mucous barrier and mucociliary clearance, as well as a 24 

weakening of specific defense factors. As a result, the respiratory tract favorable 25 

conditions are created for bacterial colonization [6]. The aggressive synergism of 26 

bacteria and viruses increases the hyperactivation of the immune response and leads 27 

to a “cytokine storm”, which negatively affects the outcome of the disease [7]. 28 
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Before COVID-19 pandemic the most common pathogens of bacterial 29 

pneumonia were Streptococcus pneumoniae and Haemophilus influenzae. 30 

S.pneumoniae is isolated in 30-50% of cases, and H.influenzae - up to 25%. The role 31 

of gram-negative bacteria is also increasing, including in patients undergoing 32 

inpatient treatment [8]. 33 

During the pandemic, there was a change in the structure of microorganisms 34 

isolated from the sputum of COVID-19 patients. In the first months of the pandemic, 35 

there was a decrease in the number of pneumonias caused by S.pneumoniae. In the 36 

spring of 2021, their number reached pre-pandemic levels. This was due to the 37 

circulation of seasonal viral infections, such as influenza [9].  38 

During pandemic, there was also an increase in bacterial concomitant 39 

complications caused by Klebsiella pneumoniae and Acinetobacter baumannii [10, 40 

11]. K.pneumoniae was mainly isolated from patients with severe pneumonia and 41 

comorbidities. It has been established that coinfection of pneumonia caused by 42 

K.pneumoniae and COVID-19 is accompanied by a high 28-day mortality rate [12]. 43 

The highest mortality was observed in the group of patients with hospital-acquired 44 

pneumonia – 39.6%. Mortality from community-acquired pneumonia was 27.9%. 45 

The addition of bacterial pathogens worsens the condition of patients and increases 46 

the risk of death [13]. 47 

After pandemic changes in the etiological structure of pneumonia pathogens 48 

are possible. This could be due to the uncontrolled use of antibiotics during the 49 

pandemic, as well as the effect of SARS-CoV-2 on the immune system and lung 50 

tissue. 51 

The aim of this study was to analyze the dynamic change in the structure of 52 

the respiratory tract microbiota in patients with severe pneumonia from 2019 to 2023 53 

years. 54 

2 Materials and methods 55 

We analyzed the results of microbiological examination of sputum from 304 56 

patients treated in the ICU with a diagnosis of pneumonia from January 2019 to 57 
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December 2023 inclusive. The study stages were divided into three periods: before 58 

(January 2019-March 2020), during (April 2020-June 2022) and after (July 2022-59 

December 2023) the COVID-19 pandemic. The diagnosis of COVID-19 was 60 

confirmed by polymerase chain reaction. In the post-COVID period, all patients had 61 

negative test results of SARS-CoV-2. Pneumonia was confirmed by X-ray 62 

diagnostic methods. 63 

Sputum samples were collected in sterile containers and delivered to the 64 

laboratory within two hours. The material was plated on nutrient media including 65 

5% blood agar with defibrinated sheep blood (HiMedia, India), chromogenic agar 66 

for urinary tract infections (CondaLab, Spain) and Mueller-Hinton agar (CondaLab, 67 

Spain). The grown cultures were identified by MALDI-TOF mass spectrometry on 68 

a Microflex LT mass spectrometer (BRUKER, Germany). During the study, 304 69 

strains of microorganisms were identified. 70 

Statistical analysis was performed using StatTech v. 4.7.2 (developer: 71 

StatTech LLC, Russia). Comparisons of percentages in multifield contingency tables 72 

were performed using the Pearson chi-square test. Post hoc comparisons were 73 

performed using the Pearson chi-square test with Holm's correction. Differences 74 

were considered statistically significant at p<0.05. 75 

3 Results 76 

The dynamics of changes in microorganisms isolated from clinical material 77 

are presented in Fig. 1. In the pre-COVID-19 period, 62 samples were examined. 78 

The most frequently detected bacteria were K.pneumoniae and Stenotrophomonas 79 

maltophilia, isolated in 21.0% and 17.7% of cases, respectively. A.baumannii and 80 

Staphylococcus aureus were detected with the same frequency of 14.5%. 81 

Streptococcus pneumoniae was isolated in 8.1% of cases. Order Enterobacterales, 82 

excluding the genus Klebsiella, was isolated in 9.7%. 83 

During the coronavirus pandemic 122 sputum samples were evaluated. 84 

K.pneumoniae was detected in half of all samples. The second most common 85 

pathogen was A.baumannii – 23.8%. Order Enterobacterales (except 86 
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K.pneumoniae) were identified in 9.0%. Pneumococcus was isolated in 1.6% of 87 

cases, Stenotrophomonas maltophilia – 2.5%. 88 

In post-COVID period, 120 patients were examined. K.pneumoniae was 89 

isolated in 31.7% of cases. Also dominated S.aureus (23.3%) and A.baumannii 90 

(18.3%). Order Enterobacterales, except for K.pneumoniae, were isolated in 10.0% 91 

of cases, S.pneumoniae – 4.2%. The share of Stenotrophomonas maltophilia was 92 

1.7%. 93 

4 Discussion 94 

Our study revealed a statistically significant change in the frequency of 95 

detection of microorganisms in ICU patients (Table 1). Before the COVID-19 96 

pandemic, the proportion of gram-negative microorganisms was 67.7%. During the 97 

pandemic, it reached 91.0%, and in the post-pandemic period it approached the pre-98 

COVID-19 values and amounted to 70.0% (p<0.001). Despite the decrease in the 99 

frequency of isolation of gram-positive microorganisms during the pandemic, in the 100 

post-pandemic period their proportion increased and began to correspond to pre-101 

COVID-19 values. 102 

The following results were obtained when analyzing the frequency of isolation 103 

of various microorganisms (Table 2). Before the COVID-19 pandemic, a high 104 

frequency of detection of Stenotrophomonas maltophilia was observed. However, 105 

the frequency of isolation of the pathogen decreased from 17.7% in the pre-COVID-106 

19 period to 1.7% in the post-pandemic period (p<0.001). 107 

K.pneumoniae was detected with high frequency in the pre-COVID-19 period. 108 

During the COVID-19 period, the proportion increased from 21.0% to 50.8%, but in 109 

post-COVID-19 period, it decreased to 31.7%. The changes in the frequency of 110 

K.pneumoniae isolation were statistically significant (p≤0.005).  111 

There is a slight change in the frequency of occurrence of other representatives 112 

of the order Enterobacterales, except K.pneumoniae. During the COVID-19 period, 113 

their number decreased from 9.7% to 9.0%, and in the post-pandemic period, it 114 

exceeded pre-pandemic values - 10% (p=0.966). 115 
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The dynamics of A.baumannii detection varied from 14.5% in the pre-116 

COVID-19 period and reached a maximum during the pandemic – 23.8%. At the 117 

end of the pandemic, a decrease in the frequency of pathogen isolation to 18.3% was 118 

revealed (p=0.291).  119 

Pseudomonas spp. was isolated from 3.2% in pre-COVID-19 to 4.1% during 120 

the pandemic and amounted to 6.7% in the post-COVID-19 period. These changes 121 

were not statistically significant (p=0.513). 122 

During the COVID-19 period, a decrease in the proportion of isolated 123 

S.aureus was noted from 14.5% to 6.6% compared to pre-COVID-19 values. In the 124 

post-COVID-19 period, the frequency of microorganism isolation exceeded pre-125 

pandemic values and reached 23.3% (p<0.001). 126 

There was a downward trend in the pneumococcal detection rate (p=0.105). It 127 

decreased from 8.1% in the pre-COVID-19 period, reached a minimum during the 128 

pandemic (1.6%), and was 4.2% in the post-COVID-19 period. The findings are 129 

consistent with literature data, which also noted a decrease in S.pneumoniae during 130 

COVID-19 and an increase in the subsequent period [14]. 131 

Thus, in all the studied periods, there was a high frequency of detection of 132 

pathogens of nosocomial pneumonia in ICU patients. Before the COVID-19 133 

pandemic, gram-negative pathogens (K.pneumoniae, A.baumannii, S.maltophilia) 134 

were most often isolated. Among gram-positive microorganisms, S.aureus and 135 

S.pneumoniae were dominated.  136 

During the COVID-19 period, a decrease in the diversity of bacterial 137 

pathogens of pneumonia and an increase in the isolation of nosocomial pathogens, 138 

especially K.pneumoniae and A.baumannii, were noted. In our opinion, this is due 139 

to the infection of patients with COVID-19 with bacterial microflora in hospitals, 140 

where gram-negative pathogens dominate. The transmission of S.aureus from staff 141 

to patients was difficult, since personal protective equipment was used.  142 
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In the post-COVID-19 period, changes in the ratio of pathogen detection rates 143 

with preservation of their generic structure have been identified. However, further 144 

monitoring of pathogens causing severe pneumonia is required. 145 

5 Conclusion 146 

Thus, one of the global consequences of COVID-19 may be the spread of 147 

gram-negative flora often having antibiotic resistance. To prevent the further spread 148 

of these strains, it is necessary to conduct mandatory microbiological testing of 149 

clinical material in patients with pneumonia, use modern diagnostic methods, 150 

determine the sensitivity of bacteria to antibiotics and the minimum inhibitory 151 

concentration for justified targeted therapy. 152 
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ТАБЛИЦЫ 

 

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 

р 
Before 

COVID-

19 

COVID-

19 

After 

COVID-

19 

 

Gram-positive  

Not found 45 

(72,6%) 

112 

(91,8%) 

84 

(70,0%) 

< 

0,001 

Found 17 

(27,4%) 

10 (8,2%) 36 

(30,0%) 

Gram-negative Not found 20 

(32,3%) 

11 (9,0%) 36 

(30,0%) 

< 

0,001 

Found 42 

(67,7%) 

111 

(91,0%) 

84 

(70,0%) 
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Table 2. Changes in the frequency of pathogen isolation. 

Microorganisms 

Presence in 

clinical 

material 

Periods 

p-test 

value 
Before 

COVID-19 

COVID-

19 

After 

COVID-

19 

Staphylococcus 

aureus 

Not 

discovered 

53 

(85,5%) 

114 

(93,4%) 

92 

(76,7%) 
< 0,001 

Found 9 (14,5%) 8 (6,6%) 
28 

(23,3%) 

Streptococcus 

pneumoniae 

Not 

discovered 

57 

(91,9%) 

120 

(98,4%) 

115 

(95,8%) 0,105 

Found 5 (8,1%) 2 (1,6%) 5 (4,2%) 

Stenotrophomonas 

maltophilia 

Not 

discovered 

52 

(83,9%) 

119 

(97,5%) 

118 

(98,3%) ≤ 0,001 

 
Found 

10 

(16,1%) 
3 (2,5%) 2 (1,7%) 

Klebsiella 

pneumoniae 

Not 

discovered 

48 

(77,4%) 

60 

(49,2%) 

82 

(68,3%) 
≤ 0,005 

Found 
14 

(22,6%) 

62 

(50,8%) 

38 

(31,7%) 

Acinetobacter 

baumannii 

Not 

discovered 

53 

(85,5%) 

93 

(76,2%) 

98 

(81,7%) 
0,291 

Found 9 (14,5%) 
29 

(23,8%) 

22 

(18,3%) 

Escherichia coli 

Not 

discovered 

57 

(91,9%) 

117 

(95,9%) 

113 

(94,2%) 0,536 

Found 5 (8,1%) 5 (4,1%) 7 (5,8%) 
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Pseudomonas 

aeruginosa 

Not 

discovered 

60 

(96,8%) 

117 

(95,9%) 

112 

(93,3%) 0,513 

Found 2 (3,2%) 5 (4,1%) 8 (6,7%) 
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РИСУНКИ 

 

Figure 1. Structure of isolated microorganisms. 

pre-COVID-19 COVID-19 post-COVID-19



ВЛИЯНИЕ COVID-19 НА СТРУКТУРУ МИКРОБИОТЫ РЕСПИРАТОРНОГО ТРАКТА У 

ПАЦИЕНТОВ С ТЯЖЕЛОЙ ПНЕВМОНИЕЙ. 

THE IMPACT OF COVID-19 ON THE STRUCTURE OF RESPIRATORY TRACT MICROBIOTA IN 

PATIENTS WITH SEVERE PNEUMONIA 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 

ТИТУЛЬНЫЙ ЛИСТ_МЕТАДАННЫЕ 

 

Блок 1. Информация об авторе ответственном за переписку 

Shafigullina Liliya Rinatovna, specialist of Laboratory of molecular pathology of 

Research and Educational Professional Center for Genetic and Laboratory 

Technologies. 

Institution: Research and Educational Professional Center for Genetic and 

Laboratory Technologies, Samara State Medical University, Russian Federation. 

Post address: Chapayevskaya str., 89, Samara, Russia, 443099 

+79376544665, l.r.shafigullina@samsmu.ru 

Шафигуллина Лилия Ринатовна, специалист лаборатории молекулярной 

патологии Научного образовательно-профессионального центра генетических 

и лабораторных технологий. 

Учреждение: Научный образовательно-профессиональный центр 

генетических и лабораторных технологий, ФГБОУ ВО «Самарский 

государственный медицинский университет». 

Почтовый адрес: Ул. Чапаевская, 89, Самара, Россия, 443099 

 

 

Блок 2. Информация об авторах 

Zolotov M.O., PhD, Head of the Laboratory of Interdisciplinary Relations of 

Research and Educational Professional Center for Genetic and Laboratory 

Technologies.  

Золотов М.О., к.м.н., Заведующий лабораторией междисциплинарных связей 

Научного образовательно-профессионального центра генетических и 

лабораторных технологий. 

 

Kozlov A.V., PhD, Head of Laboratory of molecular pathology of Research and 

Educational Professional Center for Genetic and Laboratory Technologies. 

mailto:l.r.shafigullina@samsmu.ru


ВЛИЯНИЕ COVID-19 НА СТРУКТУРУ МИКРОБИОТЫ РЕСПИРАТОРНОГО ТРАКТА У 

ПАЦИЕНТОВ С ТЯЖЕЛОЙ ПНЕВМОНИЕЙ. 

THE IMPACT OF COVID-19 ON THE STRUCTURE OF RESPIRATORY TRACT MICROBIOTA IN 

PATIENTS WITH SEVERE PNEUMONIA 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 

Козлов А.В., к.м.н., Заведующий лабораторией молекулярной патологии 

Научного образовательно-профессионального центра генетических и 

лабораторных технологий. 

 

Lyamin A.V., MD, Associate Professor, Head of Research and Educational 

Professional Center for Genetic and Laboratory Technologies. 

Лямин А.В., д.м.н., доцент, Директор Научного образовательно-

профессионального центра генетических и лабораторных технологий. 

 



ВЛИЯНИЕ COVID-19 НА СТРУКТУРУ МИКРОБИОТЫ РЕСПИРАТОРНОГО ТРАКТА У 

ПАЦИЕНТОВ С ТЯЖЕЛОЙ ПНЕВМОНИЕЙ. 

THE IMPACT OF COVID-19 ON THE STRUCTURE OF RESPIRATORY TRACT MICROBIOTA IN 

PATIENTS WITH SEVERE PNEUMONIA 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 

Блок 3. Метаданные статьи 

ВЛИЯНИЕ COVID-19 НА СТРУКТУРУ МИКРОБИОТЫ 

РЕСПИРАТОРНОГО ТРАКТА У ПАЦИЕНТОВ С ТЯЖЕЛОЙ 

ПНЕВМОНИЕЙ 

THE IMPACT OF COVID-19 ON THE STRUCTURE OF THE RESPIRATORY 

TRACT MICROBIOTA IN PATIENTS WITH SEVERE PNEUMONIA 

 

Сокращенное название статьи для верхнего колонтитула:  

ВЛИЯНИЕ COVID-19 НА СТРУКТУРУ МИКРОБИОТЫ 

РЕСПИРАТОРНОГО ТРАКТА У ПАЦИЕНТОВ С ТЯЖЕЛОЙ 

ПНЕВМОНИЕЙ. 

THE IMPACT OF COVID-19 ON THE STRUCTURE OF RESPIRATORY 

TRACT MICROBIOTA IN PATIENTS WITH SEVERE PNEUMONIA 

 

Keywords: COVID-19, pneumonia, bacterial infection, Klebsiella pneumoniae, 

microbiota, respiratory tract. 

Ключевые слова: COVID-19, пневмония, бактериальная коинфекция, 

Klebsiella pneumoniae, микробиота, респираторный тракт. 

 

Краткие сообщения. 

Количество страниц текста – 6, 

количество таблиц – 2, 

количество рисунков – 1. 

28.03.2025. 



ВЛИЯНИЕ COVID-19 НА СТРУКТУРУ МИКРОБИОТЫ РЕСПИРАТОРНОГО ТРАКТА У ПАЦИЕНТОВ С ТЯЖЕЛОЙ ПНЕВМОНИЕЙ. 

THE IMPACT OF COVID-19 ON THE STRUCTURE OF RESPIRATORY TRACT MICROBIOTA IN PATIENTS WITH SEVERE PNEUMONIA 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 

СПИСОК ЛИТЕРАТУРЫ 

 

Порядков

ый 

номер 

ссылки 

Авторы, название публикации и 

источника, где она опубликована, 

выходные данные 

ФИО, название публикации и 

источника на английском 

Полный интернет-адрес (URL) 

цитируемой статьи и/или DOI 

1 Авдеева М.Г., Кулбужева М.И., 

Зотов С.В., Журавлева Е.В., 

Яцукова А.В. Микробный пейзаж 

у госпитальных больных с новой 

коронавирусной инфекцией 

COVID-19, сравнительная 

антибиотикорезистентность с 

«доковидным» периодом: 

проспективное исследование // 

Кубанский научный медицинский 

вестник. 2021. Т. 28, № 5, С 14-28. 

Avdeeva M.G., Kulbuzheva M.I., 

Zotov S.V., Zhuravleva Ye.V., 

Yatsukova A.V. Microbial 

landscape in hospital patients with 

new coronavirus disease (COVID-

19), antibiotic resistance 

comparison vs. Pre-covid stage: a 

prospective study. Kuban 

Scientific Medical Bulletin, 2021, 

vol 28, no. 5, pp. 14-28. 

https://doi.org/10.25207/1608-6228-

2021-28-5-14-28 



ВЛИЯНИЕ COVID-19 НА СТРУКТУРУ МИКРОБИОТЫ РЕСПИРАТОРНОГО ТРАКТА У ПАЦИЕНТОВ С ТЯЖЕЛОЙ ПНЕВМОНИЕЙ. 

THE IMPACT OF COVID-19 ON THE STRUCTURE OF RESPIRATORY TRACT MICROBIOTA IN PATIENTS WITH SEVERE PNEUMONIA 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 

2 Временные методические 

рекомендации «Профилактика, 

диагностика, и лечение новой 

коронавирусной инфекции 

(COVID-19)». Версия 18. От 

26.10.2023 г. 

Temporary methodological 

recommendations «Profilaktika, 

diagnostika, i lechenie novoi 

koronavirusnoi infektsii (COVID-

19)». Version 18. From 

26.10.2023. 

https://static-

0.minzdrav.gov.ru/system/attachment

s/attaches/000/064/610/original/ВМР

_COVID-19_V18.pdf. 

3  Иванова И.А., Омельченко Н.Д., 

Филиппенко А.В., Труфанова 

А.А., Носков А.К. Роль клеточного 

звена иммунитета в формировании 

иммунного ответа при 

коронавирусных инфекциях // 

Медицинская иммунология. 2021. 

Т.23, №6. С.1229-1238. 

Ivanova I.A., Omelchenko N.D., 

Filippenko A.V., Trufanova A.A., 

Noskov A.K. Role of the cellular 

immunity in the formation of the 

immune response in coronavirus 

infections. Medical Immunology, 

2021, vol. 23, no. 6, pp. 1229-

1238.  

https://doi.org/10.15789/1563-0625-

ROT-2302 

4 Теплова Н.В., Ромашов О.М., 

Амелина Я.Г. Коронавирусная 

инфекция и бактериальная 

пневмония: актуальные акценты и 

Teplova N.V., Romashov O.M., 

Amelina Ya.G. Coronavirus 

Infection and Bacterial 

Pneumonia: Current Emphases and 

https://doi.org/10.24412/2071-5315-

2024-13081 



ВЛИЯНИЕ COVID-19 НА СТРУКТУРУ МИКРОБИОТЫ РЕСПИРАТОРНОГО ТРАКТА У ПАЦИЕНТОВ С ТЯЖЕЛОЙ ПНЕВМОНИЕЙ. 

THE IMPACT OF COVID-19 ON THE STRUCTURE OF RESPIRATORY TRACT MICROBIOTA IN PATIENTS WITH SEVERE PNEUMONIA 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 

курс на рациональную 

антибиотикотерапию // Лечебное 

дело. 2024. №1. С.8-14. 

a Course towards Rational 

Antibiotic Therapy. The Journal of 

General Medicine, 2024, no. 1, pp. 

8-14.  

5 Chen N., Zhou M., Dong X., Qu J., 

Gong F., Han Y., Qiu Y., Wang J., 

Liu Y., Wei Y., Xia J., Yu T., Zhang 

X., Zhang L. Epidemiological and 

clinical characteristics of 99 cases of 

2019 novel coronavirus pneumonia in 

Wuhan, China: a descriptive study. 

Lancet., 2020, vol. 395, no. 10223, 

pp. 507-513.  

 https://doi.org/10.1016/S0140-

6736(20)30211-7 

6 Chung Y.S., Lam C.Y., Tan P.H., 

Tsang H.F., Wong S.C. 

Comprehensive Review of COVID-

19: Epidemiology, Pathogenesis, 

Advancement in Diagnostic and 

 https://doi.org/10.3390/ijms25158155 



ВЛИЯНИЕ COVID-19 НА СТРУКТУРУ МИКРОБИОТЫ РЕСПИРАТОРНОГО ТРАКТА У ПАЦИЕНТОВ С ТЯЖЕЛОЙ ПНЕВМОНИЕЙ. 

THE IMPACT OF COVID-19 ON THE STRUCTURE OF RESPIRATORY TRACT MICROBIOTA IN PATIENTS WITH SEVERE PNEUMONIA 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 

Detection Techniques, and Post-

Pandemic Treatment Strategies. Int. 

J. Mol. Sci., 2024, vol. 25, no 15, pp. 

8155. 

7 Fazel P., Sedighian H., Behzadi E., 

Kachuei R., Imani Fooladi A. A. 

Interaction Between SARS-CoV-2 

and Pathogenic Bacteria. Curr 

Microbiol, 2023, vol. 80, no. 7, pp. 

223. 

 https://doi.org/10.1007/s00284-023-

03315-y 

8 Hespanhol V., Bárbara C. Pneumonia 

mortality, comorbidities matter?. 

Pulmonology, 2020, vol. 26, no. 3, 

pp. 123-129. 

 https://doi.org/10.1016/j.pulmoe.2019

.10.003 

9 Juan C.H., Fang S.Y., Chou C.H., 

Tsai T.Y., Lin Y.T. Clinical 

characteristics of patients with 

pneumonia caused by Klebsiella 

 https://doi.org/10.1186/s13756-019-

0660-x 



ВЛИЯНИЕ COVID-19 НА СТРУКТУРУ МИКРОБИОТЫ РЕСПИРАТОРНОГО ТРАКТА У ПАЦИЕНТОВ С ТЯЖЕЛОЙ ПНЕВМОНИЕЙ. 

THE IMPACT OF COVID-19 ON THE STRUCTURE OF RESPIRATORY TRACT MICROBIOTA IN PATIENTS WITH SEVERE PNEUMONIA 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 

pneumoniae in Taiwan and 

prevalence of antimicrobial-resistant 

and hypervirulent strains: a 

retrospective study. Antimicrob 

Resist Infect Control., 2020, vol. 9, 

no. 1, pp. 4. 

10 Lansbury L., Lim B., Baskaran V., 

Lim W.S. Co-infections in people 

with COVID-19: a systematic review 

and meta-analysis. J. Infect., 2020, 

vol. 81, no. 2, pp. 266–275. 

 

 https://doi.org/10.1016/j.jinf.2020.05.

046 

11 Mirzaei R., Goodarzi P., Asadi M., 

Soltani A., Aljanabi H. A. A., Jeda A. 

S., Dashtbin S., Jalalifar S., 

Mohammadzadeh R., Teimoori A., 

Tari K., Salari M., Ghiasvand S., 

Kazemi S., Yousefimashouf R., 

 https://doi.org/10.1002/iub.2356 



ВЛИЯНИЕ COVID-19 НА СТРУКТУРУ МИКРОБИОТЫ РЕСПИРАТОРНОГО ТРАКТА У ПАЦИЕНТОВ С ТЯЖЕЛОЙ ПНЕВМОНИЕЙ. 

THE IMPACT OF COVID-19 ON THE STRUCTURE OF RESPIRATORY TRACT MICROBIOTA IN PATIENTS WITH SEVERE PNEUMONIA 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 

Keyvani H., Karampoor S. Bacterial 

co-infections with SARS-CoV-2. 

IUBMB Life, 2020, vol. 72, no. 10, 

pp. 2097-2111. 

12 Principi N., Autore G., Ramundo G., 

Esposito S. Epidemiology of 

Respiratory Infections during the 

COVID-19 Pandemic. Viruses, 2023, 

vol. 15, no. 5, pp. 1160.  

 https://doi.org/10.3390/v15051160 

13 Sulayyim H.J.A., Ismail R., Hamid 

A.A., Ghafar N.A. Antibiotic 

Resistance during COVID-19: A 

Systematic Review. Int J Environ 

Res, 2022, vol. 19, no. 19, pp. 11931. 

 https://doi.org/10.3390/ijerph1919119

31 

14 Westblade L.F., Simon M.S., Satlin 

M.J. Bacterial Coinfections in 

Coronavirus Disease 2019. Trends 

 https://doi.org/10.1016/j.tim.2021.03.

018 



ВЛИЯНИЕ COVID-19 НА СТРУКТУРУ МИКРОБИОТЫ РЕСПИРАТОРНОГО ТРАКТА У ПАЦИЕНТОВ С ТЯЖЕЛОЙ ПНЕВМОНИЕЙ. 

THE IMPACT OF COVID-19 ON THE STRUCTURE OF RESPIRATORY TRACT MICROBIOTA IN PATIENTS WITH SEVERE PNEUMONIA 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 

Microbiol, 2021, vol. 29, no. 10, pp. 

930-941. 

 


