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Abstract: Summary
Background
Coronavirus disease 2019 (COVID-19) has become a public health emergency of
international concern. About 5·0% of infected patients had severe lung injury or
developed multiorgan dysfunction.  Secondary     infection  and sepsis were common
complications in critically ill patients, but the  underlying  pathogen was not clear. We
used culture-independent methods to explore the microbiota characteristic of lung
tissue from 20 deceased patients infected with COVID-19.        
Methods
Lung specimens were obtained by  minimally invasive autopsy  (MIA) from  20
deceased patients with COVID-19. The demographic data, clinical information,
laboratory values, comorbidities, and treatments were all collected. The samples
underwent pathological evaluation and were analyzed by sequencing the 16S rRNA
gene hypervariable region 3-4 (V3-4) and internal transcribed spacer (ITS) DNA
regions using barcoded primers for microbial community varieties.
Findings
The mean age of the 20 subjects was 67·35 (SD 12·86) year-old. Among them 14
(70%) were men, and 15 (75%) had a comorbidity and the median duration from
presentation to death was 33·5 (IQR 27·75–38·25) days. Sepsis was developed in 18
(90%) of 20 patients. The main morphological finding was diffuse alveolar damage
(DAD). In 8 of 20 cases, bacteria or fungi were present under the microscope. Using
culture-independent  techniques, we found that the predominate taxon of the bacterial
was  Acinetobacter  spp.. Meanwhile, gut-specific bacteria (  Enterobacteriaceae  spp.)
were detected commonly in the lung tissues. The fungal population was typically
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dominated by  Cutaneotrichosporon  (  Cryptococcus  ) and  Issatchenkia  at genus
level. Furthermore, most fatal COVID-19 patients have a both bacterial and fungal co-
infections in lung tissues.
Interpretation
Our findings highlight that fatal COVID-19 is associated with complex mixed infections
in lung tissue. It is important to serially monitor the microbiota in the lower respiratory
tract and peripheral blood, so as to provide the accurate etiological evidence for timely
personalized treatment.
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Research in context 

Evidence before this study 

We searched PubMed on May 2, 2020, with no limitations by starting date, with the terms 

“COVID-19”, “autopsy”, “lung” and “microbiota”; we restricted our search to articles published 

in English. Our search did not retrieve any reports on microbiota feature of fatal coronavirus 

disease 2019 (COVID-19). We identified one correspondence piece on metatranscriptome 

sequencing from the bronchoalveolar lavage fluids of eight acute respiratory syndrome 

coronavirus 2(SARS-CoV-2) patients, however, did not identify any specific microbiota pattern.  

Added value of this study 

Lung specimens were obtained by minimally invasive autopsy(MIA) from 20 deceased patients 

with COVID-19. The samples underwent pathological evaluation and were analyzed by 

sequencing the 16S rRNA gene hypervariable region 3-4 (V3-4) and internal transcribed spacer 

(ITS) DNA regions. The main morphological finding was diffuse alveolar damage (DAD). In 8 of 

20 cases, bacteria or fungi were present under the microscope. Using culture-independent 

techniques, we found that the predominate taxon of the bacterial was Acinetobacter genus. 

Meanwhile, gut-specific bacteria (Enterobacteriaceae spp.) were detected commonly in the lung 

tissues. The fungal population was typically dominated by Cutaneotrichosporon(Cryptococcus) 

spp. and Issatchenkia spp. Furthermore, most fatal COVID-19 patients have a both bacterial and 

fungal co-infections in lung tissues. Our findings will facilitate understanding of the pathogenesis 

of fatal COVID-19 and improve clinical strategies against the disease. 

Implications of all the available evidence  

Secondary infection and sepsis were common complications in critically ill patients with severe 

SARS-CoV-2 infection. Our findings highlight that fatal COVID-19 is associated with bacterial 

and fungal co-infections in lung tissues, providing microbiota feature and potential pathogenic 

evidence for lethal COVID-19. It is critical to serially monitor the microbiota in the lower 

respiratory tract and peripheral blood, so as to provide the accurate etiological evidence for timely 

personalized treatment. 
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Summary  

Background 

Coronavirus disease 2019 (COVID-19) has become a public health emergency of international 

concern. About 5·0% of infected patients had severe lung injury or developed multiorgan 

dysfunction. Secondary infection and sepsis were common complications in critically ill patients, 

but the underlying pathogen was not clear. We used culture-independent methods to explore the 

microbiota characteristic of lung tissue from 20 deceased patients infected with COVID-19.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

Methods 

Lung specimens were obtained by minimally invasive autopsy(MIA) from 20 deceased patients 

with COVID-19. The demographic data, clinical information, laboratory values, comorbidities, 

and treatments were all collected. The samples underwent pathological evaluation and were 

analyzed by sequencing the 16S rRNA gene hypervariable region 3-4 (V3-4) and internal 

transcribed spacer (ITS) DNA regions using barcoded primers for microbial community varieties.  

Findings  

The mean age of the 20 subjects was 67·35 (SD 12·86) year-old. Among them 14 (70%) were men, 

and 15 (75%) had a comorbidity and the median duration from presentation to death was 33·5 

(IQR 27·75–38·25) days. Sepsis was developed in 18 (90%) of 20 patients. The main 

morphological finding was diffuse alveolar damage (DAD). In 8 of 20 cases, bacteria or fungi 

were present under the microscope. Using culture-independent techniques, we found that the 

predominate taxon of the bacterial was Acinetobacter spp.. Meanwhile, gut-specific bacteria 

(Enterobacteriaceae spp.) were detected commonly in the lung tissues. The fungal population was 

typically dominated by Cutaneotrichosporon(Cryptococcus) and Issatchenkia at genus level. 

Furthermore, most fatal COVID-19 patients have a both bacterial and fungal co-infections in lung 

tissues. 

Interpretation  

Our findings highlight that fatal COVID-19 is associated with complex mixed infections in lung 

tissue. It is important to serially monitor the microbiota in the lower respiratory tract and 

peripheral blood, so as to provide the accurate etiological evidence for timely personalized 

treatment. 
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Introduction 

Novel Coronavirus Disease (COVID-19) has spread rapidly throughout the China and around 

the world1. Up until now, the total number of patients has raised sharply more than 3000,000 

people and caused over 220, 000 deaths globally. The clinical spectrum of COVID-19 ranged from 

mild to critically illed.  

According to the present study with the largest sample size, five percent 

laboratory-confirmed COVID-19 were admitted to the intensive care unit (ICU), about 2·3% 

underwent invasive mechanical ventilation, and 1·4% died2. In a single-centered case series 

including 138 hospitalized patients with COVID-19 in Zhongnan Hospital of Wuhan (china), 

about 36 (26%) of patients required admission to the ICU and 6 (16·7%) died (overall mortality, 

4·3%)3. In another study at Jin Yin Tan hospital (Wuhan, China), of 710 patients with 

SARS-CoV-2 pneumonia, fifty two adult patients were defined critically ill and 32 (61·5%) 

patients deceased (overall mortality, 4·5%) 4.  

Majority severe or critically ill COVID-19 patients developed shock, including cold 

extremities and weak peripheral pulses, even in the absence of overt hypotension. Furthermore, 

laboratory abnormalities indicated that many patients had severe metabolic acidosis, impaired 

liver and kidney functions in addition to severe lung injury. Those patients met the diagnostic 

criteria for sepsis and septic shock according to the Sepsis-3 International Consensus5. A recent 

retrospective cohort study showed that all of 54 non-survivors developed sepsis, given the overt 

bacterial infection6.  

Therefore, it is urgent to investigate the pathogens of sepsis in critically ill COVID-19 

patients. However, the standard microbiologic techniques generated a low yield from the lower 
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respiratory and blood tract specimen cultures with negative results for bacteria and fungus in 76% 

sepsis patients with COVID-197. A recent study has conducted metatranscriptome sequencing for 

the bronchoalveolar lavage fluid of eight SARS-CoV-2 patients. Unfortunately, they did not 

identify any specific microbiota pattern shared among COVID-19 patients8. Furthermore, in this 

research the clinical classification of eight subjects were ill-defined, which was important for the 

results. Since the lung is the common site of COVID-19 infection9, we try to investigate the 

pathological changes and the microbiota characteristics of postmortem lung tissues, in order to 

provide an effective reference for clinical treatment of critically illed patients. 

2. Methods 

Subject inclusion and clinical states  

The study was approved by health commission of Hubei province and the ethics committee of 

Union Hospital, Tongji Medical College, Huazhong University of Science and Technology 

(protocol code:2020-0043-1). All cases met the COVID-19 clinical diagnostic criteria provided by 

the National Health Commission of China, and died at Union Hospital, Tongji Medical College, 

Huazhong University of Science and Technology, Wuhan, between February 1, 2020, and March 

31, 2020. The epidemiological, clinical features, laboratory findings and radiological 

characteristics and treatment data were obtained with standardised data collection forms (modified 

case record form for severe acute respiratory infection clinical characterisation shared by WHO 

and the International Severe Acute Respiratory and Emerging Infection Consortium) from 

electronic medical records. acute respiratory distress syndrome(ARDS) was defined according to 

the Berlin definition10. Acute kidney injury was diagnosed according to the KDIGO clinical 

practice guidelines11. Cardiac injury was defined if the serum levels of cardiac biomarkers (eg, 

troponin I) were above the 99th percentile upper reference limit or new abnormalities were shown 

in electrocardiography and echocardiography. 

Tissue sampling and pathological evaluation 

Immediately after death, the post-mortem needle core biopsies were performed on bilateral lungs 

in the negative-pressure isolation ward. The procedures were guided with ultrasound and 

specimens were collected aseptically. More than 5 samples were taken from different sites in each 

case of bilateral lung. Tissue cores were fixed in 10% neutral formalin immediately after being 

taken out of the body and fixed for over 24 hours, then dehydrated in a graded series of ethanol, 
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cleared in xylene, and then embedded in paraffin. Histological slices were prepared using a 

microtome and stained with hematoxylin and eosin (H&E). The special stains agents, including 

gram stain, Periodic Acid-Schiff (PAS) stain, gomori methenamine silver(GMS), purchased from 

Baso Diagnostics and all operations are carried out in strict accordance with the instructions. The 

slides were evaluated using the bio-microscope (Nikon). All slides were examined by two senior 

pathologists independently. 

Real-time reverse polymerase chain reaction assay for SARS-COV-2 in tissue 

The 2019-nCoV in lung MIA specimens was detected by real-time reverse transcriptase 

polymerase chain reaction (real-time RT-PCR). Formalin-fixed, paraffin-embedded (FFPE) tissue 

blocks were used to prepare 10 serial sections of 4-μm thick sections. Total RNA was extracted 

using a RNA isolation kit (Amoy Diagnostics Co. Ltd., Xiamen, China) and checked for 

concentration with the Nanodrop microanalyzer (Thermo Fisher Scientific, Waltham, MA, USA). 

A real-time RT-PCR assay was run on the Mx3000P qPCR system with a 2019-nCoV nucleic acid 

detection kit (Catalogue 8.0131901X024E, Version B1.0, from Amoy Diagnostics Co. Ltd., 

Xiamen, China) according to the manufacturer’s protocol. Two target genes, the open reading 

frame1ab (ORF1ab) and nucleocapsid protein (N) genes, were simultaneously amplified and 

monitored during the real-time RT-PCR assay. The primers for target 1 (ORF1ab) were forward 

5-CCCTGTGGGTTTTACACTTAA-3 and reverse 5-ACGATTGTGCATCAGCTGA-3; and the 

probe was 5-ROX-CCGTCTGCGGTATGT-MGB-3. The primers for target 2 (N) were forward 

5-GGGGAACTTCTCCTGCTAGAAT-3 and reverse 5-CAGACATTTTGCTCTCAAGCTG-3; 

and the probe was 5-FAM-CTGCTGCTTGACAGAT-MGB-3. A cycle threshold (Ct) value less 

than 37 was defined as a positive, and a Ct value of 40 or more was defined as a negative. Those 

testing criteria were based on recommendations by the National Institute for Viral Disease Control 

and Prevention (China). Positive and negative controls were included. An internal control HEX, 

the house-keeping gene GUSB (β-glucuronidase), was also included.  

DNA extraction  

The QIAam DNA Mini Kit (QIAGEN, Hilden, Germany) was used to extract the total DNA from 

every FFPE tissue. DNA quantification was performed by Nanodrop (Thermo Fisher Scientific, 

Waltham, MA, USA), and its size was checked by 0·8% agarose gel electrophoresis. All extracted 

DNA samples were immediately stored at -80°C until further processing. 
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Bacterial 16S rRNA and fungal ITS gene amplification 

The V3-V4 regions of the samples 16S rRNA were amplified by PCR and specific primers 

were 338F:5-ACTCCTACGGGAGGCAGCA-3 and 806R: 5-GGACTACHVGGGTWTCTAAT-3. 

The ITS1 genes were amplified using barcoded ITS5F: 5- GGAAGTAAAAGTCGTAACAAGG-3 

and ITS1R: 5-GCTGCGTTCTTCATCGATGC-3. PCR was performed in an Applied Biosystems® 

2720 (Applied Biosystems Instruments, Thermo Fisher Scientific, Waltham, MA, USA) under the 

following conditions: initial denaturation for 2 min at 98°C; 30 cycles of 15s at 98°C, 30s at 55°C, 

and 30s at 72°C; and final extension for 5 min at 72°C. The 2% agarose gel containing the 

ethidium bromide was used to detect the PCR products.  

Sequence processing and bioinformatics analysis 

PCR amplicons were purified with Agencourt AMPure Beads (Beckman Coulter, Indianapolis, IN, 

USA) and quantified individually using the PicoGreen dsDNA Assay Kit (Invitrogen, Carlsbad, 

CA, USA). Finally, amplicons were pooled in equal amounts, and pair-end 2×300 bp sequencing 

was performed using the Illlumina MiSeq platform with MiSeq Reagent Kit v3. Illumina MiSeq 

sequences obtained after quality control analysis were used for the analysis, which were uploaded 

to QIIME (Quantitative Insights Into Microbial Ecology, v1.8.0) for further study12. The original 

sequencing reads that perfectly matched the barcode were assigned to the corresponding samples 

and identified as valid sequences. Low-quality sequences were filtered by the following criteria: 

sequences <150 bp in length, sequences with average Phred scores <20, sequences containing 

indefinite bases, and sequences containing single nucleotide repeats of >8 bp. Paired-end reads 

were assembled using FLASH13. After chimera detection, the remaining high-quality sequences 

were clustered into operational taxonomy units (OTUs) with 97% sequence identity by UCLUST14. 

Next, an original OTU composition table was created to record the OTU abundance for each 

sample and the taxonomic classification for each OTU. OTUs with abundance <0·001 of the total 

sequences in all samples were discarded 15.  

Statistical analysis 

A two-tailed Student’s t test was used for statistical analysis with SPSS 22·0 software. Species and 

microbial community structure in each group were analyzed by the QIIME. p values of < 0·05 

were considered statistically significant.  

3. Results 
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Presenting Characteristics and imaging 

By Mar 31, 2020, twenty deceased COVID-19 patients were included in this study. All patients 

were residents of Wuhan City. The mean age was 67·35 years (SD 12·86), and 16 (80%) were 

older than 60 years. Fourteen (70%) patients were men. Time from admission to death varied from 

16 days to 49 days and had an average time of 33·5 days (SD 8·93). Of the 20 patients, fifteen had 

definite evidence of underlying diseases. And the main comorbidities were hypertension (6 [30%]), 

carcinoma (7 [35%]), coronary heart disease (4 [20%]). The most common complications were 

sepsis (18 [90%]) and respiratory failure (20 [100%])，followed by liver dysfunction (17 [85%]), 

acute cardiac injury (14 [60%]) , ARDS (14 [60%]) and acute kidney injury (12 [60%]). All 

patients received antibacterial therapy (20 [100%]), and antiviral therapy (20 [100%]). Most 

patients received glucocorticoid therapy (18 [90%]) and 11 patients received antifungal therapy 

(55%). In terms of ventilation modes, 4 patients (20%) received noninvasive ventilation, and 

invasive mechanical ventilation was required in 16 patients (80%). A total of 5 patients (25%) 

received continuous kidney replacement therapy(Table 1). 

Upon admission, abnormalities on chest X-ray were detected among all patients, showing 

bilateral patchy shadows or ground glass opacity in the lungs at the early course of diseases. With 

disease progression, the images showed further expanded consolidation and increased density of 

the lesions compared with previous images and manifested a white lung appearance (Figure1. 

A-I). 

SARS-CoV-2 investigations 

All 20 cases were confirmed to be infected with 2019-nCoV by virological investigations. Totally, 

19 patients (95%) had the evidence of coronaviral RNA in the oropharyngeal swab. In one case 

(patient 12) had no definite clue of coronaviral RNA in the oropharyngeal swab, but the serology 

test (IgM [+] and IgG [+]), together with clinical manifestations and imaging confirmed 

COVID-19. SARS-CoV-2 RNA was detected in the postmortem lung from 16 patients (80%) by 

RT-PCR. Besides, we found that 20% post-mortem cases were negative for SARS-CoV-2 in the 

lung specimens, most likely due to the neutralizing antibody response or heterogeneity caused by 

puncture sampling (Table 2). The representative graph of the amplification curve is shown in the 

supplementary figure1. 

Laboratory Findings 
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The blood counts of patients were collected every two days from admission. Both white blood 

counts and neutrophil counts showed gradual increase until death occurred (Figure2 A, B). 

However, the sustaining lymphopenia was present for all the patients (Figure 2C). Some major 

infection-related laboratory markers were also tracked from admission. C-creative protein already 

showed a high level from admission and stayed steady (Figure 2D), while level of procalcitonin 

which was beyond the baseline from the beginning increased gradually and reached the peak in 

days 25 with illness deterioration (Figure 2E). High Levels of interleukin-6(IL-6) were not 

uncommon in these patients, as is shown a total of 5 (25%) patients were found beyond 1000 

pg/ml, even 2 of them beyond 5000 pg/ml (Figure 2F). 

At least one new pathogen was found in 10 (50%) patients by laboratory culture. The main 

pathogens were Acinetobacter baumannii（Aba） (9 [90%]) and klebsiella pneumoniae (Kpn)(4 

[40%]). And pathogens like Candida albicans(Cal), Escherichia coli (Eco) and Staphylococcus 

aureus(Sau) were only found in one patient separately. At leaset one new pathogen were found 

positive in 5 patients underwented blood culture. The pathogens were Aba (2 [40%]), Kpn (2 

[40%]) and Sau (1 [20%]) (Figure 2G). 

Microscopic morphology and microbiota evaluation 

The morphology of the lungs varied among the 20 cases of fatal COVID-19. The main findings 

include hyaline membrane formation (Figure 3A), interstitial fibroblastic proliferations and type II 

pneumocytes hyperplasia (Figure 3B), diffuse expansion of alveolar walls and septa due to 

interstitial fibrosis(Figure 3C)，abundant macrophages (Figure 3D) and neutrophils(Figure 3E) 

infiltrating airspaces, accompanied by interstitial thickening(Figure 3F), which are all features of 

diffuse alveolar damage (DAD). The degree of pathological change each case were described in 

the supplementary figure 2. The semi-quantitative pathological analysis showed that interstitial 

mononuclear cell infiltration and intra-alveolar macrophage were found in all patients (100%). 

Type II pneumocyte hyperplasia, proliferating interstitial fibroblasts, and intra-alveolar 

neutrophilic infiltration were present in 19 (95%), 18 (90%), 17 (85%) cases separately. 

Hyaline-membrane formation was just seen in 10 (50%) cases. In addition, intra-alveolar fibrinous 

exudates, intra-alveolar serous exudate, interstitial neutrophil infiltration, and interstitial 

lymphocytic infiltration were also noted in 14(70%), 6(30%), 13(65%), 11(55%) patients 

respectively. Bacteria and fungus were seen in some cases (8 [40%] and 2 [10%])(Figure 3G). 
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Extensive bacteria were observed under the microscope in several cases. In patient 7, a large 

number of globular bacteria can be seen under the microscope of H&E slice (Figure 4A-B). These 

globular bacteria have a negative gram stain (Figure 4C). There were abundant rod-shaped 

bacteria were detected in patient 16 (Figure 4D-E), gram staining was negative(Figure 4F). In 

addition, we found mycoses in fatal COVID-19 lung tissue. The fungal in patient 8 has the 

morphological structure of yeast, which is round and oval in shape(Figure 4G). The staining 

results of PAS(Figure 4H) and GMS were positive(Figure 4I), suggested that the fungus was 

consistent. 

Microbial community in COVID-19 nonsurvivors   

The bacterial distribution was characterized by the relative abundance of each taxon. The 5 most 

abundant phyla were Proteobacteria (91·19% of the total sequences), Bacteroidetes (3·84%), 

Actinobacteria (3·76%), Firmicutes (1·15%), together accounting for 99·9% of the total 

sequences (Supplementary figure 3A).The most prevalent genera were Acinetobacter (80.70% of 

the total sequences), Chryseobacterium (2·68%), Burkholderia (2·00%), Brevundimonas (1·18%), 

Sphingobium (0·93%), Enterobacteriaceae (0·68%), together comprising 92·32% of the total 

sequences and regularly detected in all subjects. Mycobacterium (3·59%) and Prevotella(0·56%) 

were mainly detected in patients 19 and 20(Figure 5A). A heat map indicating significantly 

expressed genera was shown in Figure 5B.  

Fungal community in COVID-19 nonsurvivors   

The fungal community in the lung microbiome of each patient was analyzed by ITS gene 

sequencing. Ascomycota (51·46%), Basidiomycota (44·60%) and Mortierellomycota (3·30%) 

were found at high percentages in phyla levels (Supplementary Figure 3B). 

The most common genera were was Cutaneotrichosporon (Cryptococcus, 28·14%), followed by 

Issatchenkia (8·22%), Wallemia (4·77%), Cladosporium (4·67%), Alternaria (4·46%), and 

Dipodascus(4·01%), Mortierella(3·22%), Aspergillus(2·72%), Naganishia (2·53%), Diutina 

(2·15%), Candida (1·42%)( Figure 6A). Each patient's fungal infection status is shown in a heat 

map(Figure 6B). 

4. Discussion 

Here, we reported lung tissue pathology and microbiota features of 20 post-mortem cases 

confirmed SARS-CoV-2 infection. To our knowledge, it is the largest autopsy study to date of 
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hospitalized patients with COVID-19. All lung specimens were obtained by MIA. Potential 

advantages of MIA over conventional autopsy (CA) for obtaining tissue are the higher chance of 

getting consent from bereaved relatives, and the better feasibility to reduce post-mortem intervals, 

which is the most crucial factor for high quality postmortem tissue for molecular analyses. In 

addition, for autopsy in highly infectious cases, MIA requires less laboratory conditions and can 

reduce the possibility of operator infection16-18. 

In agreement with previous studies, our study confirmed that older men(>60 years) and with 

comorbidities(especially malignancy) more vulnerable to SARS-CoV-2 infection. Obviously, 

sepsis was the most frequently observed complication. The main pathologic findings of lungs from 

these fatal cases of COVID-19 manifested diffuse alveolar damage (DAD), which are deemed to 

be the cause of respiratory failure. Neutrophil infiltration was present in the most cases, which was 

consistent with the remarkable and continued increase of neutrophils in peripheral blood during 

the course from onset to death. In addition, we found abundant bacteria under the microscope in 

40% of the non-survivors. Apparently, microscopic accumulation of bacteria is often accompanied 

by extensive neutrophil infiltration.  

Although originally believed to be sterile, the lung shows a microbiota that varies in both 

physiological and pathological conditions19. Many authors agreed that the healthy lung tissue has a 

low density of microbial populations, mainly represented by genus such as Prevotella spp., 

Veillonella spp., Streptococcus spp. and Tropheryma whipplei spp.20. In our study, disorder of the 

lung microbiome, characterized by enrichment with the OTU of the Acinetobacter spp., which is 

usually comprised of  calcoaceticus,  baumannii,  nosocomialis, and  pittii, 

with  baumannii (AB) being the most clinically important species responsible for the highest 

incidence of multidrug-resistant and mortality21. The result is consistent with our sputum culture 

and blood culture results, which probably related to mechanical ventilation in most severe 

patients. 

Increasing evidence certified that lung and gut microbiomes undergo profound changes in 

critically ill patients22, 23. Lung microbiome might become enriched with gut-associated microbes 

in sepsis and acute respiratory distress syndrome24, 25. It should be noted that Enterobacteriaceae 

spp., a kind of abundant taxonomic group in the human gut microbiome, was common in lung 

tissues of fatal COVID-19 patients. The Enterobacteriaceae spp. family bacteria (a kind of taxon 
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comprising many potentially pathogenic bacteria including Klebsiella, Escherichia coli, Proteus, 

and Enterobacter, etc.) might produce a large amount of endotoxin release in the intestinal lumen, 

which would inhibit protein synthesis in intestinal epithelial cells26. Furthermore, 

Enterobacteriaceae spp. were also positively correlated with the levels of serum IL-6, IL-1 and 

TNF-α27. The above physiological changes may lead to severe intestinal barrier impairment, 

bacterial translocation and gut microbiota imbalance, which will aggravate the overgrowth of 

Enterobacteriaceae. In our study, Klebsiella was postive for 40% putum and blood culture 

samples. It is the first evidence to date suggesting that enrichment of lung communities with 

gut-associated bacteria, suggesting that bacterial translocation and dysbiosis comes up in fatal 

COVID-19.  

Multiple factors acting in concert likely promote a compromised intestinal barrier function 

and increased gut permeability. Firstly, the biological barrier, which is made up of normal 

intestinal flora (gut microbiota), was profoundly disrupted probably. The gut has specific 

nutritional needs to preserve its normal structure and function. Most patients with severe 

COVID-19 were given parenteral nutrition, which leads to intestinal flora disorders. Moreover, the 

vast majority of severely ill patients are on antibiotics for a long time, which can lead to intestinal 

flora disorders. Secondary, The immune barrier, which is composed of gut-associated lymphoid 

tissue, would be terribly damaged. Consistent with other studies, severe lymphopenia was 

observed in all of our decease subjects. As described in the first autopsy case by Wang, the counts 

of peripheral blood CD4 and CD8 T cells were substantially reduced by flow cytometric analysis28. 

This may affected the homing of lymphocytes and the gut immunological response to potential 

microbial invaders. Thirdly, the mechanical barrier, which is consisted by the closed-lining 

intestinal epithelial cells and by the capillary endothelial cells in the submucosa, may be 

destructed. Well known, angiotensin converting enzyme 2(ACE2) expression is higher in the small 

intestine, duodenum and colon than that in the lungs. Patients with digestive symptoms have more 

virus in the gut based on stool RNA testing results, and thus potentially greater opportunity to 

suffer direct damage on the gut mucosa29. The gut epithelium becomes more permeable in the 

setting of hypercytokinemia rised by microbiota infection30. Consequently, bacteria translocate to 

the mesenteric lymph nodes and the portal vein system, gaining finally access to the systemic 

circulation, which induces deleterious functional and structural alterations in diverse and even 
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distant organs, thus leading to MODS. Increasing evidence suggests that an altered lung 

microbiome might promote inflammation and lung parenchymal injury in ARDS23, 25. Qian and 

colleagues demonstrated that dysregulated lung commensal bacteria drived interleukin-17B 

production to promote pulmonary pibrosis. In our research, 18 of 20 subjects displayed interstitial 

fibroblasts proliferation and thickening of alveolar walls is evident. In some patients with long 

course of disease, mature fibrosis was seen, suggesting irreversible lung tissue damage appeared. 

Therefore, it is urgent to serially monitor the dynamics of the microbiome critically ill COVID-19 

patients during ICU care, especially focus on the lower respiratory tract and peripheral blood. Of 

note, the use of culture-independent techniques should be suggest because of some potential 

pathogens, such as gut anaerobes, are unlikely to detected using routine culture methods. 

Therefore, the disturbance can be discovered early according to the results. Antibiotics can be 

adjusted timely and probiotics can be prescribed, which reduces the chances of intestinal bacterial 

translocation and gut-derived infection. 

In addition to bacteria, fungal infections are also of concern. In addition to bacteria, fungal 

infections are also of concern. A recent case report showed that invasive pulmonary aspergillosis 

were detected in an immunocompetent patient during severe COVID-19–associated pneumonia31. 

In this study, we present an ITS1 amplicon NGS method capable of simultaneously detecting a 

broad range of potentially clinically significant fungi from fatal COVID-19 lung specimens. 

Significantly, we observed that the fungal communities in lung specimens were usually dominated 

by Cryptococcus pp. Cryptococcus infections have high morbidity and mortality rates worldwide, 

particularly in the context of immune suppression and central nervous system involvement32. 

Moreover, we successfully detected Issatchenkia spp., Cladosporium spp., Cladosporium spp., 

Alternaria spp., Aspergillus spp., Candida spp.. All of which are belong to important opportunistic 

invasive mycosis in immunocompromised patients. Persistent lymphocytic depletion and 

corticosteroid therapy may lead to the development of mycosis in fatal COVID-19. These results 

suggest that, testing for fungal community and administration 

of appropriate antifungal treatment should be considered in severe COVID-19 patients. And, more 

remarkable, the vast majority of patients have mixed bacterial and fungal infections, may be the 

important factor to accelerate the death of severe COVID-19 patients 

Our study has several limitations. First, only 20 deceased SARS-CoV-2 infection patients were 
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included. However, the population from which they were sampled was much larger than that of 

the studies previously published. Post-mortem lung specimens may not reflect the microbiology of 

early and developing course of the disease. So, the results can only be used for reference in the 

appropriate clinical and laboratory context. Second, minimally invasive autopsy cannot take into 

account the heterogeneity of lesions. In order to avoid this problem, we adopt the method of 

multi-point puncture sampling, representing the true condition of the lesion as much as possible. 

Besides, unlike bacterial culture, sequencing-based approaches depend only on the presence of 

bacterial DNA and do not reflect bacterial viability. Moreover, the organism itself might be carried 

by the patient before the viral infection, might be part of an underlying chronic infection. 

In conclusion, we obtained MIA lung specimens from patients with fatal COVID-19 and 

performed culture-independent techniques to explore the microbial characterization. Bacterial and 

fungal co-infection is ubiquitous in severely ill patients. Gut-specific bacteria were common in 

lung tissue, suggesting that gut–lung translocation occurred probably. Attention must be paid to 

the imbalance of microbiota and timely detection should be given, providing individual-based 

treatment for critically ill patients. Our findings will facilitate understanding of the pathogenesis of 

COVID-19 and improve clinical strategies against the disease.  
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Table 1. Baseline characteristics, complications and treatment of 20 fatal COVID-19 patients  

 

Figure 1. Representative serial bedside chest radiographs from COVID-19 nonsurvivors. (A-C) 

Case1: On February 15, 2020, 4 days after admission of patient 1: extensive ground-glass 

opacities and consolidations in both lungs. Day 6 and 9, progressive expansion of bilateral 

pulmonary lesions, with enlargement and denser pulmonary consolidations, giving a white lung 

appearance. The patient died on the same days as the final image. (D-F) Case2: on February 23, 

2020, the image obtained from patient 6, showed bilateral ground glass opacity in both lungs. 

After a few days, further expanded consolidation with the whole lung density showing increased 

opacity. (G-I) Case3: the image from patient 7 revealed extensive glass opacities in both lungs. 

Few days later, with enlarged and increased density of the lesions compared with previous images. 

 

Table 2. Virological investigations of patients with fatal COVID-19 by RT-PCR 

 

Figure 2. Laboratory findings of COVID-19 nosurvivors on admission to hospital. Timeline charts 

illustrate the laboratory parameters in 20 nonsurvivors every three days from admission (A) 

Dynamic profile of white blood counts, (B) neutrophil counts, (C) lymphocyte counts, (D) 

C-reactive protein level, (E) procalcitonin level. (F) The level of serum IL-6 in each patient. The 

solid lines in green show the upper normal limit of each parameter, and the solid line in red shows 

the lower normal limit of lymphocyte count. *P < .05 compared with the result of the first test 

after admission. #, not detected. (G) The results of sputum and blood culture of patients with fatal 

COVID-19. COVID-19=coronavirus disease 2019. IL-6=interleukin-6. 

 

Figure 3. Histopathological changes in lung of fatal COVID-19. (A) Evident hyaline membrane 

formation without evident inflammatory infiltration. H&E, original magnification ×200.  (B) 

Interstitial fibroblastic proliferations and type II pneumocytes hyperplasia. H&E, original 

magnification ×200. (C) Diffuse expansion of alveolar walls and septa due to interstitial fibrosis. 

H&E, original magnification ×200. (D) Abundant macrophages infiltrating airspaces and type II 

pneumocyte hyperplasia. H&E, original magnification ×200.  (E) Alveolar spaces were filled 

with neutrophils and mononuclear inflammatory cells. H&E, original magnification ×200. (F) 
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Prominent neutrophilic infiltration filling up alveolar spaces and mild interstitial thickening. H&E, 

original magnification ×200. (G) The summary of main pathological characteristics and the 

percentages found in the lungs of 20 patients with fatal COVID-19. 

 

Figure 4. Morphology and microscopic microbiota evaluation. (A) In lung tissue of patient 7, a 

large number of globular bacteria in the alveolar cavity accompanied with numerous mononuclear 

exudates. H&E, original magnification ×400. (B) Under oil microscope, the bacteria are globular. 

(C) These globular bacteria were negative in gram stain. H&E, original magnification ×1000. (D) 

In patient 16, a great quantity bacteria gather in the alveolar with abundant exudate of 

mononuclear cells. H&E, original magnification ×400. After magnified by oil microscope, the 

bacteria are rods(E) and negative for gram staining method(F). H&E, original magnification 

×1000. (G) In patient 8, neutrophils and mononuclear exudates and richness yeast-like fungi were 

seen in alveolar. The special staining of fungi were positive for the PAS stain(H) and GMS stain(I). 

PAS = Periodic Acid-Schiff, GMS=gomori methenamine silver. H&E, original magnification 

×1000.  

 

Figure 5. Distribution of bacterial genera (OTUs) in lung tissue of fatal COVID-19 patients. (A ) 

The distribution of OTUs summarized and analyzed from 20 fatal COVID-19 patients are shown 

in genera level. (B) Heat map of OTUs found in the lung samples of fatal COVID-19 patients 

defined by sequencing of the 16S rRNA gene. Increasing depth of color indicates relative 

abundance of the OTU in an individual sample. 

 

Figure 6. Distribution of fungus genera (OTUs) in lung tissue of fatal COVID-19 patients. (A) The 

distribution of OTUs summarized and analyzed from 20 fatal COVID-19 patients are shown in 

genera level. (B) Heat map of OTUs found in the lung samples of fatal COVID-19 patients 

defined by sequencing of the ITS gene. Increasing depth of color indicates relative abundance of 

the OTU in an individual sample. 

 

Supplementary Figure 1. (A) RT-PCR showing the positive result of Coronavirus RNA in the lung 

samples of patients with fatal COVID-19. (B) RT-PCR showing the negative result of Coronavirus 
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RNA in the lungs samples of patients with fatal COVID-19 

 

Supplementary Figure 2. The degrees of lung pathological characteristics in each decreased 

COVID-19 patient (1, mild; 2, moderate; 3, severe).  

 

Supplementary Figure 3. The relative abundance at phyla level of Bacteria(A) and fungus(B) in 

fatal COVID-19. 
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Table 1. Baseline characteristics, complications and treatment of fatal COVID-19 patients 

Patient Gender Age Course  Comorbidities 
Complications 

  
Treatment 

Sepsis RF ARDS LD ACI AKI 
 

Antibacterial 

therapy 

Antiviral 

therapy 

Antifungal 

therapy 

Glucocorticoids 

therapy 
NIV IMV CRRT 

1 M 77 16 Other Y Y Y Y Y Y 

 

Y Y Y Y N Y N 

2 F 60 28 Hypertension Y Y Y Y Y N 

 

Y Y N Y N Y Y 

3 M 51 24 Pancreatic cancer Y Y N Y Y N 

 

Y Y N Y Y N N 

4 M 87 23 Hypertension，CHD，CKI Y Y N N N Y 

 

Y Y N N Y N N 

5 M 39 30 Gastric cancer Y Y N Y N Y 

 

Y Y N Y N Y N 

6 M 66 36 Liver cancer Y Y Y Y Y Y 

 

Y Y Y Y N Y N 

7 M 77 27 Skin basal cell carcinoma Y Y Y Y Y Y 

 

Y Y N Y N Y Y 

8 F 87 35 Diabetes，CHD Y Y N Y Y Y 

 

Y Y N N Y N N 

9 M 70 20 Lung cancer N Y Y Y Y Y 

 

Y Y Y Y N Y N 

10 F 84 34 Other Y Y Y Y Y Y 

 

Y Y Y Y N Y Y 

11 F 83 32 CHD N Y N Y N N 

 

Y Y N Y Y N N 

12 M 63 44 Hypertension Y Y Y Y Y N 

 

Y Y N Y N Y N 

13 M 52 45 Asthma Y Y Y Y N N 

 

Y Y Y Y N Y N 

14 M 61 36 Other Y Y N Y Y N 

 

Y Y Y Y N Y N 

15 F 70 45 Lung cancer Y Y Y Y N N 

 

Y Y N Y N Y N 

16 M 64 42 Hypertension，CHD Y Y Y Y Y Y 

 

Y Y Y Y N Y N 

17 M 66 30 Hypertension Y Y Y Y Y Y 

 

Y Y Y Y N Y N 

18 F 62 37 Other Y Y Y N N Y 

 

Y Y Y Y N Y Y 

19 M 55 37 Other Y Y Y Y Y Y 

 

Y Y Y Y N Y Y 

20 M 73 49 Lung cancer Hypertension Y Y Y N Y N   Y Y Y Y N Y N 

CHD, coronary heart disease; CKI, chronic kidney disease; RF, respiratory failure; ARDS: acute respiratory distress syndrome; ACI, acute cardiac injury; AKI, 

acute kidney injury; NIV, noninvasive ventilation; IMV, invasive mechanical ventilation; CRRT, continuous renal replacement therapy 
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Table 2 Virological investigations of patients with fatal COVID-19 by RT-PCR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NA=not available;* Coronavirus serology test positive, clinical 

manifestations and imagings confirmed COVID-19 

 

 

 

Patients 

Admission Post-mortem 

Nasopharyngeal 

aspirate  
 lung  

1 + + 

2 + + 

3 + + 

4 + + 

5 + + 

6 + + 

7 + + 

8 + + 

9 + - 

10 + + 

11 + + 

 12* NA + 

13 + + 

14 + + 

15 + + 

16 + - 

17 + - 

18 + - 

19 + + 

20 + + 
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