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Abstract 

Background  Gut microbiota alterations have been reported in hospitalized COVID-19 patients, with reduced alpha 
diversity and altered microbiota composition related to respiratory failure. However, data regarding gut microbiota 
and mortality are scarce.

Methods  Rectal swabs for gut microbiota analyses were collected within 48 h after hospital admission (baseline; 
n = 123) and three-month post-admission (n = 50) in a subset of patients included in the Norwegian SARS-CoV2 
cohort study. Samples were analysed by sequencing the 16S rRNA gene. Gut microbiota diversity and composition at 
baseline were assessed in relation to need for intensive care unit (ICU) admission during hospitalization. The primary 
objective was to investigate whether the ICU-related gut microbiota was associated with 60-day mortality.

Results  Gut microbiota diversity (Shannon index) at baseline was lower in COVID-19 patients requiring ICU admis‑
sion during hospitalization than in those managed in general wards. A dysbiosis index representing a balance of 
enriched and reduced taxa in ICU compared with ward patients, including decreased abundance of butyrate-produc‑
ing microbes and enrichment of a partly oral bacterial flora, was associated with need of ICU admission independent 
of antibiotic use, dexamethasone use, chronic pulmonary disease, PO2/FiO2 ratio, C-reactive protein, neutrophil counts 
or creatinine levels (adjusted p < 0.001). The ICU-related dysbiosis index at baseline correlated with systemic inflamma‑
tion and was associated with 60-day mortality in univariate analyses (Hazard ratio 3.70 [2.00–8.6], p < 0.001), as well as 
after separate adjustment for covariates. At the three-month follow-up, the dysbiosis index remained elevated in ICU 
patients compared with ward patients (adjusted p = 0.007).

Conclusions  Although our data should be regarded as exploratory due to low number of clinical end points, they 
suggest that gut microbiota alterations during hospitalization could be related to poor prognosis after severe COVID-
19. Larger studies of gut involvement during COVID-19 in relation to long-term clinical outcome are warranted.
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Introduction
Although SARS-CoV-2 primarily infects the respiratory 
tract, mounting evidence suggests that also the gastro-
intestinal (GI) tract is involved in the pathogenesis of 
COVID-19 [1]. SARS-CoV-2 infects human enterocytes 
and replicates in the gut mucosa [2], and viral entry 
receptors including angiotensin converting enzyme-2 
(ACE-2) and several membrane-bound serine proteases 
are expressed in intestinal epithelial cells [3]. In a longi-
tudinal study, viral shedding from faeces was detected 
in nearly 50% of patients during acute infection and in 
3.8% of patients after 7-month follow-up [4].

Gastrointestinal symptoms are frequently occurring 
in severe COVID-19 patients, and a meta-analysis has 
suggested that patients with gastrointestinal involve-
ment had a higher risk of severe disease [5]. It has also 
been hypothesized that the gut microbiota could be a 
mediator of host inflammatory immune responses dur-
ing COVID-19, thereby contributing to the pronounced 
systemic inflammation observed in patients requiring 
hospitalization [6, 7].

Patients hospitalized with COVID-19 exhibit an altered 
gut microbiota composition compared to uninfected con-
trols [8] and also compared to patients admitted with sea-
sonal influenza [9]. Gut microbiota alterations, including 
reduced bacterial alpha diversity and changes in micro-
bial composition, have been found to be related to disease 
severity, including acute respiratory failure and need of 
ICU admission (reviewed in [10]). We recently reported 
that the gut microbiota composition remained altered 
three months after hospitalization and was associated 
with persistent pulmonary pathology [11].

It has been hypothesized that COVID-related gut 
microbiota alterations (dysbiosis) could promote long-
term clinical outcome [12]. A recent study of critically 
ill COVID-19 patients based on selective bacterial cul-
tures and subsequent sequencing reported that higher 
concentrations of opportunistic pathogens in the oro-
pharyngeal and intestinal compartments were indepen-
dently associated with 90-day mortality [13]. However, 
data on sequencing-based gut microbiota dysbiosis and 
mortality are lacking. In the present substudy from the 
longitudinal Norwegian SARS-CoV2 cohort, we assessed 
gut microbiota alterations from samples collected within 
48  h after hospitalization in relation to need for ICU 
admission and investigated whether an ICU-related dys-
biosis was associated with 60-day mortality.

Methods
Patients and clinical outcomes
Study participants were recruited from the Norwe-
gian SARS-CoV-2 study (NCT04381819), a multicentre 

cohort study of COVID-19 patients admitted to five 
Norwegian hospitals, conducted as part of an Inter-
national Severe Acute Respiratory and Emerging 
Infection Consortium (ISARIC) WHO Clinical Charac-
terization Protocol study, as previously described [14]. 
Participants aged ≥ 18  years and admitted to hospital 
with PCR-confirmed SARS-2-CoV-2 infection were 
eligible for inclusion and were included from March 9, 
2020, until December 15, 2020. The study was approved 
by the Committee for Medical Research Ethics Region 
South-East Norway (approval no. 106624). All partici-
pants gave informed consent prior to inclusion, either 
directly or through a legally authorized representative. 
Gut microbiota alterations were assessed in relation 
to need for treatment at ICU/high-dependency unit 
during hospitalization, and the primary end point was 
60-day post-admission all-cause mortality [14].

Gut microbiota analyses
Rectal swabs were sampled within 48  h after admission 
and three-month post-admission, stored in a stabilizing 
transportation medium (soluble Amies, Thermo Scien-
tific™) and frozen at − 80  °C until analysis. Faecal DNA 
was extracted using the QIAamp PowerFecal®Pro DNA 
Kit (Qiagen, Germany), with slight modifications. Briefly, 
700 µL of faecal material was pelleted and homogenized 
in 800  µL of kit solution CD1 using a bead-beating 
homogenizer (2 × 60 s at 5.5 ms, 20 °C) and further pro-
cessed according to the manufacturer’s protocol. Librar-
ies for 16S rRNA amplicon sequencing were generated 
as previously described [11]. Briefly, the hypervariable 
regions V3 and V4 of the 16S rRNA gene were ampli-
fied using dual-indexed universal primers 319F (forward) 
and 806R (reverse), and Phusion High-Fidelity PCR Mas-
ter Mix with HF buffer (Thermo Fisher Scientific, USA). 
The PCR products were cleaned and normalized using a 
SequalPrep Normalization Plate Kit (Thermo Fisher Sci-
entific, USA). Quality control and quantification of the 
pooled libraries were performed using an Agilent Bio-
analyzer (Agilent Technologies, USA) and Kapa Library 
Quantification Kit (Kapa Biosystems, London, UK). 
Sequencing was performed at the Norwegian Sequencing 
Centre (Oslo, Norway) using the Illumina MiSeq plat-
form and v3 kit (Illumina, San Diego, CA, USA), allowing 
for 300 base pair paired-end reads.

Sequence processing and bioinformatics
Paired-end reads containing Illumina Universal Adapt-
ers or PhiX were discarded using bbduk version 38.90 
(https://​sourc​eforge.​net/​proje​cts/​bbmap/) and the 
remaining reads were demultiplexed using cutadapt ver-
sion 3.5 [15]. Trimming of indexes, heterogeneity spacers 
and primers was also done with cutadapt (parameters: 

https://sourceforge.net/projects/bbmap/


Page 3 of 9Trøseid et al. Critical Care           (2023) 27:69 	

-e 0.1 –overlap 20 –discard-untrimmed -m 250) and the 
paired-end reads were subsequently quality trimmed and 
merged using bbmerge version 38.90 [16]. The merged 
contigs were trimmed to 400  bp and denoised to ASVs 
(Amplicon Sequence Variants) with deblur in Qiime2 
version 2022.2 [17]. Taxonomic classification of ASVs 
was done in Qiime2 using a naïve Bayes classifier [18] 
trained on the V3-V4 region of a preclustered version 
(99% sequence similarity) of the Silva database version 
138 [19]. ASVs from mitochondria, chloroplast or lack-
ing taxonomic annotation on order level were removed. 
Filtering of contaminants was done with the R package 
microDecon based on four negative control samples. A 
de-novo phylogenetic tree was built in Qiime2 based on 
the remaining ASVs. Differential abundance analysis was 
performed on genera present in at least 10% of patients. 
Gut microbiota alpha diversity was assessed by Shannon 
diversity index, performed on a rarefied (subsampled) 
dataset with an ASV count of 5144 per sample.

Statistical analyses
Patient characteristics were compared using Student’s 
t test or Mann–Whitney U-test depending on the dis-
tribution or chi-square for continuous and categorical 
variables, respectively. We first characterized gut micro-
biota alterations in relation to need for ICU treatment 
during hospitalization. Based on the differences (Table 1) 
between ward and ICU patients, and due to limited num-
ber of patients in the ICU group, we constructed a pro-
pensity score using logistic regression for adjustment 
purposes. Age was also included in the score due to near 
significant differences between groups. As several bio-
chemical markers may reflect similar processes, C-reac-
tive protein (CRP), neutrophil counts and creatinine were 
used in the propensity score. Similarly, we chose the PO2/
FiO2 ratio over variables reflecting use of oxygen therapy. 
PO2/FiO2 is defined as the ratio between the partial pres-
sure of oxygen in blood (PaO2) and fraction of inspired 
oxygen the patient is receiving (FiO2). All together, the 

Table 1  Baseline characteristics in hospitalized COVID-19 patients according to outcomes

Continuous data are given as mean ± SD or median (25th, 75th) percentile. ICU Intensive care unit, high-dependency unit was also classified as ICU

Parameter Ward n = 95 ICU n = 28 p Survivors n = 112 60-day mortality n = 11 p

Age, years 57 ± 15 62 ± 13 0.064 57 ± 14 67 ± 10 0.030

Male gender (%) 56 (59%) 19 (68%) 0.40 67 (59%) 9 (82%) 0.14

BMI, kg/m2 28.6 ± 4.6 29.6 ± 4.5 0.34 28.8 ± 4.7 28.9 ± 4.7 0.94

Dexamethasone 16 (17%) 18 (64%)  < 0.001 24 (21%) 10 (91%)  < 0.001

Antibiotics 25 (26%) 24 (86%)  < 0.001 39 (35%) 10 (91%)  < 0.001

Comorbidities

Chronic cardiac disease (%) 20 (21%) 9 (32%) 0.22 24 (21%) 5 (46%) 0.073

Hypertension (%) 41 (43%) 14 (50%) 0.51 50 (46%) 4 (36%) 0.56

Chronic pulmonary disease (%) 16 (17%) 9 (32%) 0.077 21 (19%) 4 (36%) 0.16

Obesity (%) 25 (26%) 8 (29%) 0.81 29 (26%) 4 (36%) 0.49

Diabetes (%) 27 (29%) 6 (21%) 0.43 31 (28%) 2 (18%) 0.48

Cancer (%) 2 (3%) 1 (4%) 0.66 3 (3%) 0 (0%) 0.58

Current smoker (%) 5 (5%) 2 (7%) 0.71 7 (6%) 0 (0%) 0.39

Oxygen therapy

Any oxygen therapy 52 (55%) 25 (89%) 0.001 68 (61%) 9 (82%) 0.17

Non-invasive ventilation 0 (0%) 7 (25%)  < 0.001 2 (2%) 5 (46%)  < 0.001

Invasive mechanical ventilation 0 (0%) 4 (14%)  < 0.001 3 (3%) 1 (9%) 0.25

P/F-ratio at admission, kPa 41.3 (34.3, 46.9) 21.7 (13.8, 38.2)  < 0.001 40.0 (31.0, 45.7) 14.0 (9.1, 42.7) 0.009

Laboratory analysis at admission:

Haemoglobin, g/dL 13.3 ± 1.4 12.5 ± 1.9 0.016 13.2 ± 1.5 12.2 ± 1.6 0.052

C-reactive protein, mg/L 41 (15, 78) 82 (50, 119) 0.001 47 (18, 87) 95 (50, 142) 0.021

Ferritin, µg/L 498 (247, 837) 1090 (543, 1593)  < 0.001 541 (258, 882) 1096 (455, 2638) 0.018

White blood cell count, × 109/L 6.2 ± 2.8 7.9 ± 3.6 0.011 6.6 ± 3 6.5 ± 3.5 0.94

Neutrophil count, × 109/L 4.4 ± 2.6 6.8 ± 3.2  < 0.001 4.9 ± 2.9 6 ± 3.3 0.24

Lymphocyte count, × 109/L 1.3 ± 0.6 0.9 ± 0.4 0.001 1.2 ± 0.6 0.7 ± 0.3  < 0.001

Creatinine, µM 75 ± 24 90 ± 42 0.022 77 ± 27 100 ± 42 0.014
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propensity score consisted of age, use of dexamethasone 
or antibiotics, chronic pulmonary disease, PO2/FiO2 
ratio, neutrophil counts, CRP and creatinine.

Differential abundance analysis was performed in base-
line samples with ANCOM-BC2 [20] between ICU and 
ward patients. An ICU-related dysbiosis index represent-
ing a balance of enriched and reduced taxa in baseline 
faecal samples from ICU compared with ward patients 
was calculated by using the selbal algorithm (in R), which 
takes the compositional nature of microbiota data into 
account. Both the Shannon diversity index and ICU-
related dysbiosis index were compared by linear regres-
sion adjusting for the propensity score. The distribution 
of Shannon diversity and ICU-related dysbiosis index are 
shown in Additional file  1: Fig. S1. The dysbiosis index 
showed a normal distribution but Shannon diversity was 
somewhat right skewed. However, log or log(x + 1) trans-
formation rendered the variable more skewed and it was 
therefore used non-transformed.

We next investigated the association between the ICU-
related dysbiosis index and 60-day all-cause mortal-
ity by receiver operating characteristic (ROC) analysis 
and Kaplan–Meier analysis (tertiles). The modulation 
of the association between dysbiosis index (as continu-
ous variable) and mortality was further assessed in cox 
regression adjusting separately for covariates with trend 

level differences between survivors and non-survivors 
(Table 1) as well as for the ICU propensity score.

Statistical analysis was performed with IBM SPSS sta-
tistics package (version 27.0.0.0) and R: A language and 
environment for statistical computing (version 4.2.2).

Results
Baseline characteristics
As shown in Table 1, patients were predominantly male, 
and 28 out of 123 participants were treated in the ICU 
during hospitalization. ICU patients were on average five 
years older than ward patients, with higher prevalence of 
pre-existing pulmonary disease, higher levels of systemic 
inflammatory markers and more often receiving antibi-
otics and dexamethasone treatment. Eleven participants 
(8.9%) died within 60  days of inclusion, and all of these 
were ICU patients, as shown in the flow chart (Fig. 1).

Reduced alpha diversity and altered gut microbiota 
composition in ICU patients
As depicted in Fig. 2A, gut microbiota diversity assessed 
by Shannon diversity index at baseline was trend level 
lower (p = 0.077) in COVID-19 patients requiring ICU 
during hospitalization compared to ward patients in 
analysis adjusting for the ICU propensity score (see 
methods, statistical analysis, for definition). Shannon 

Fig. 1  Flow chart of included participants (n = 123)
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diversity was not significantly different in patients treated 
or not treated with dexamethasone or antibiotics (Addi-
tional file 1: Table S1). ICU patients also had an altered 
gut microbiota composition, with increased relative 
abundance of Pyramidobacter and Eremococcus, and 
reduced abundance of Collinsella and Eubacterium ven-
triosum group (Volcano plot, Fig. 2B).

Dysbiosis index characterizing ICU patients independent 
of relevant confounders
For further analyses, we generated an ICU-related dys-
biosis index based on the R package Selbal for select-
ing bacterial taxa distinguishing ICU from ward 
patients [21]. The following taxa were identified as 
enriched in ICU patients: Pyramidobacter, Eremococ-
cus, Ruminococcaceae;g_uncultured, Rothia, Intestini-
bacter, Olsenella, Fournierella, and Eubacterium eligens 
group. The following taxa were reduced: Oscillospiraceae 
family, Eubacterium ventriosum group, Fastidiosipila, 
Christensenellaceae;g__uncultured, Roseburia, Allo-
prevotella, Terrisporobacter, Incertae_Sedis;g__uncul-
tured, Eubacterium siraeum group, and Howardella. The 
index is defined as the difference between the arithmetic 
means of the log-transformed abundances in these two 

groups of taxa [21]. Only genera present in at least 20% 
of samples were considered for inclusion in the index. As 
shown in Fig. 2C, this index was associated with need of 
ICU (p < 0.001) independent of the ICU propensity score.

ICU‑related dysbiosis index in relation to degree 
of respiratory distress and inflammatory markers
As shown in Fig. 2D, the ICU-related dysbiosis index cor-
related negatively with the PO2/FiO2 ratio, with lower 
values reflecting increasing degree of respiratory failure. 
The dysbiosis index correlated positively with levels of 
C-reactive protein (CRP) and neutrophil count, and neg-
atively with lymphocyte count. Overall, patients treated 
with dexamethasone and antibiotics had a higher ICU-
related dysbiosis index (Additional file 1: Table S1).

ICU‑related dysbiosis index associated with 60‑day 
mortality
During 60-day follow-up, 11 patients died. As shown in 
Kaplan–Meier plots in Fig. 3, the upper tertile of the dys-
biosis index was associated with higher 60-day mortality 
(p < 0.001). A ROC analysis of the ICU-related dysbiosis 
index for 60-day mortality revealed an area under curve 
(AUC) of 0.90 (0.83–0.98), p < 0.001. Cox regression 

Fig. 2  Gut microbiota alterations within 48 h after hospital admission in COVID-19 patients admitted to ICU (n = 28) compared to ward patients 
(n = 95). A Tukey plots showing reduced Shannon diversity index in ICU patients with adjusted p value (ICU propensity score, see statistical 
methods), B Volcano plot visualizing differentially abundant bacterial genera (from ANCOM-BC2) based on effect size (x-axis) and p values (y-axis) 
in relation to ICU status, C Tukey plot showing dysbiosis index for ICU vs. ward patients with adjusted p value (ICU propensity score, see statistical 
methods), D Correlations between dysbiosis index, degree of respiratory distress (p/PF-ratio) and inflammatory markers
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analysis of the dysbiosis index (as a continuous vari-
able) was associated with 60-day mortality in univariate 
analyses (Hazard ratio 3.70 [2.00–8.6], p < 0.001). Clinical 
characteristics for survivors and non-survivors are given 
in Table 1, and adjusting separately for markers that were 

trend levels different between survivors and non-survi-
vors did not alter this association (Fig. 3C). Adjustment 
with the ICU propensity score attenuated the associa-
tion somewhat, but remained significant. Some of the 
microbes enriched in the ICU-related dysbiosis index, 
Pyramidobacter and Olsenella, in addition to bacte-
ria previously reported in severe COVID-19, including 
Veillonellaceae, Bilophila and Escherichia [7] were also 
enriched in patients with a mortality end point (Fig. 3D).

Persistent dysbiosis in ICU patients three‑month 
post‑admission
As shown in Fig.  4, the ICU-related dysbiosis index 
remained significantly elevated in ICU patients (n = 7) 
compared with ward patients (n = 43) at the three-month 
follow-up (adjusted p = 0.007), although paired analysis 
revealed a tendency to reduction in the surviving ICU 
patients from baseline (p = 0.063). In the whole cohort, 
the reduction from baseline to 3 months was significant 
(p < 0.001).

Discussion
In this prospective Norwegian multicentre cohort of hos-
pitalized COVID-19 patients, we assessed gut microbiota 
alterations in relation to need for ICU admission, and 
whether an ICU-related dysbiosis was associated with 
60-day mortality. Our results can be summarized as fol-
lows: (i) Gut microbiota diversity was lower in COVID-
19 patients requiring ICU during hospitalization than in 
ward patients, (ii) ICU patients had an altered gut micro-
biota composition (dysbiosis), independent of admission 
demographics that differed with ward patients, as well as 
antibiotic use, dexamethasone use, pulmonary comor-
bidities, and inflammatory markers, and (iii) the dysbio-
sis index was associated with 60-day mortality, also in 
adjusted analysis.

Fig. 3  Association between gut microbiota alterations (dysbiosis) 
within 48 h after hospital admission and 60-day mortality in 
hospitalized COVID-19 patients. A ROC analysis of ICU dysbiosis 
index for 60-day mortality (n = 11). B Kaplan–Meier curve for 60-day 
mortality according to tertiles of ICU dysbiosis index. C Cox regression 
analysis of ICU dysbiosis index (as a continuous variable) in univariate 
analysis (black) and adjustment with covariates (red) one by one 
that were trend level different between survivors and non-survivors 
(see Additional file 1: Table S1, as well as ICU propensity score, see 
statistical methods), D Volcano plot visualizing differentially abundant 
bacterial genera based on effect size (x-axis) and p values (y-axis) in 
relation to 60-day mortality

Fig. 4  Temporal changes in dysbiosis index from baseline (within 
48 h after hospital admission) to three-month post-admission 
(n = 50), depending on clinical status (ICU and ward patients) during 
hospitalization
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Several studies have reported gut microbiota altera-
tions during acute COVID-19 and, in particular, in rela-
tion to acute respiratory failure and need of ICU [10]. 
Our finding of reduced microbiota diversity in ICU 
patients is in line with previous studies [9, 22]. Based 
on the ICU-related dysbiosis index, we also found that 
reduced relative abundance of several members of the 
Lachnospiraceae and Ruminococcaceae families, such as 
Roseburia and different Eubacterium species, which are 
known producers of butyrate, distinguished ICU from 
ward patients, also in line with several previous studies 
[9, 10, 22]. Butyrate has local immunomodulatory effects 
in the gut mucosa and is the main energy substrate for 
enterocytes, and is vital for gut barrier maintenance [23].

Interestingly, the ICU-related dysbiosis index also con-
sisted of increased relative abundance of several microbes 
with partial affinity to the oral microbiome, including 
Pyramidobacter, Olsenella and Rothia. In particular, 
Rothia species have been found in increased abundance 
in several previous gut microbiota studies [9, 24–26] and, 
in one study, enriched both in the oral and gut micro-
biota of hospitalized COVID-19 patients [24]. Whether 
this dysbiosis is a consequence of viral replication in the 
oral cavity and/or gut mucosa [2], disrupted mucosal 
immunology paving the way for opportunistic pathogens, 
the inflammatory response or other factors [10], can-
not be determined from our data. Of note, the dysbiosis 
index correlated with the degree of respiratory distress 
and markers of systemic inflammation, in line with previ-
ous studies [10]. Furthermore, data from animal models 
have shown that oxygen therapy could promote dysbiosis 
in airways and the gut that could contribute to oxygen-
induced lung injury [27]. Hence, both respiratory distress 
and oxygen therapy itself could potentially contribute to 
a gut-lung axis.

Our study expands the current literature by reporting 
a potential link between ICU-related microbiota altera-
tions and 60  days mortality, in line with a recent study 
showing an association between day-90 mortality and 
higher concentrations of opportunistic pathogens in the 
oropharyngeal and intestinal compartments of critically 
ill patients [13]. Of note, our data should be interpreted 
with caution, as our sample size was not powered for 
multivariate adjustment. Still, the association between 
dysbiosis and 60-day mortality was not weakened after 
separate adjustment for relevant covariates including 
age, comorbidities, kidney function and inflammatory 
markers. Treatment with dexamethasone and antibiot-
ics attenuated the association somewhat, as these were 
strongly associated with 60-day mortality. For this rea-
son, the strongest attenuation of the association between 
dysbiosis and 60-day mortality was seen with the ICU 
propensity score reflecting several parameters strongly 

associated with poor prognosis (e.g. dexamethasone, 
antibiotics and P/F-ratio).

Some of the microbes being enriched in ICU patients, 
including Pyramidobacter and Olsenella, also had 
increased relative abundance in patients who died dur-
ing the first 60  days. In a previous work, enhanced gut 
microbiota levels of Pyramidobacter correlated with cir-
culating IL-6 levels, an upstream regulator of the pro-
inflammatory response in severe COVID-19 disease, and 
predictor of disease progression in frail adults [14] while 
enriched Olsenella were detected in the lung microbiota 
of COVID-19 patients [15].

60-day mortality was also associated with increased 
abundance of Veillonellaceae, Bilophila and Escherichia, 
known pathogens that have been reported increased in 
previous studies of hospitalized COVID-19 patients [10]. 
Of interest, Veillonella was reported enriched in both 
oral and faecal samples of patients with COVID-19 and 
was also detected in high concentration in bronchoalveo-
lar lavage samples [28]. The oral microbiota is altered in 
COVID-19 patients [28, 29] and has been proposed as a 
potential reservoir of pulmonary co-infections, as well as 
contributing to a disturbed gut microbiota with potential 
for microbial translocation to the systemic circulation 
[10]. Studies of selective decontamination of the oral cav-
ity and upper GI tract have shown promise in reducing 
in-hospital mortality in ICU patients receiving mechani-
cal ventilation [30, 31]. Our data, in light of the overall 
literature [10], suggest that such strategies could also be 
relevant in future intervention trials of critical COVID-
19 patients.

Although rectal swabs were collected within 48 h after 
hospital admission, different treatment modalities could 
have contributed to gut microbiota differences between 
ICU and ward patients. Even short courses of antibiotics 
may alter the gut microbiota composition, and in par-
ticular, anti-anaerobic antibiotics have been shown to 
increase mortality in ICU patients, possibly due to effect 
on gut and airway microbiota [32]. Also dexamethasone 
could impact the gut microbiota composition and has 
been reported to interfere with gut permeability [33]. 
Furthermore, the enrichment of a partly oral bacterial 
flora in the gut microbiota of ICU patients could poten-
tially also be explained by factors such as mechanical 
ventilation, nasogastric feeding tubes and parenteral 
nutrition [34].

Whatever contributing factors, the dysbiosis index 
remained elevated in ICU patients compared with ward 
patients also at the three-month follow-up. Previous 
studies, including data from our own group, have shown 
that gut microbiota alterations can persist long-term 
after hospitalization and are associated with persisting 
pulmonary symptoms and low-grade inflammation [10, 
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11]. Future studies should investigate whether persistent 
microbiota alterations after severe COVID could affect 
long-term clinical outcome, including long-COVID [35].

Our study has several limitations, in particular the lim-
ited number of patients that died within 60 days, as well 
as the low number of ICU patients at 3-month follow-
up. A formal sample size calculation was not performed, 
partly because there are no standardized methods for 
sample size calculations in microbiota studies, and the 
sample size was not powered for multivariate adjustment. 
In addition, the study lacks an independent replication 
cohort, and this should therefore be regarded as explora-
tory. Furthermore, an observational study cannot draw 
any conclusions regarding causation, and several fac-
tors including comorbidities, disease severity and treat-
ment modalities could have contributed to our findings. 
Dietary habits before admission and nutritional sup-
port during hospitalization are potential contributors to 
a distorted gut microbiome, and lack of food frequency 
questionnaires and other data on nutrition is another 
limitation.

In addition, patients were included before occurrence 
of the current omicron strains and with a much lower 
vaccination coverage in the population. Hence, our find-
ings cannot be directly extrapolated to the current epide-
miological situation, as omicron strains have been shown 
to have lower replication in lung and gut cells com-
pared to delta variants [36]. Our study also has obvious 
strengths, being one of the largest studies with microbi-
ota sampling during acute COVID-19, repeated microbi-
ota sampling at long-term follow-up, as well as mortality 
end points up to day 60.

In conclusion, our data, although exploratory, pro-
vide evidence that gut microbiota alterations detected 
within 48 h after hospital admission could be related to 
poor prognosis after severe COVID-19. To clarify the 
clinical impact of these findings, larger studies of gut 
involvement during COVID-19 in relation to long-term 
clinical outcome, including patients infected with cur-
rent omicron variants, are warranted.
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