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Post- acute COVID- 19 syndrome 
and gut dysbiosis linger beyond 
1 year after SARS- 
CoV- 2 clearance

We recently published in Gut to show 
that gut dysbiosis persisted for at least 
6 months in patients with post- acute 
COVID- 19 syndrome (PACS).1 Murine 
and human studies have also reported 
microbial alterations associated with 
different PACS symptoms.2 3 With the 
pandemic entering its third year, PACS 
could potentially affect recovered individ-
uals for over 1 year.4 It remains unknown 
whether PACS- associated gut dysbiosis 
would also linger for such a long time.

Here, we conducted a prospective study 
to determine long- term alterations in the 

gut microbiome of patients with COVID- 19 
using shotgun metagenomic sequencing 
(online supplemental materials). A total 
of 155 patients with COVID- 19 in Hong 
Kong were followed up for an average of 
14 months after SARS- CoV- 2 viral clear-
ance, and 155 age- matched, sex- matched 
and body mass index- matched subjects 
without COVID- 19 were recruited as 
controls. Patients with COVID- 19 were 
infected with the original or earlier vari-
ants of SARS- CoV- 2 from January 2020 to 
February 2021. Consistent with previous 
finding that 76.4% of patients had PACS 6 
months after recovery from acute COVID- 
19,1 we found that the prevalence of PACS 
was 78.7% at an average of 14- month (IQR 
11–18 months) follow- up. The three most 
common symptoms were fatigue (50.9%), 
memory problems (44.5%) and difficulty 

in sleeping (35.5%, figure 1A). Gut dysbi-
osis in these patients did not fully recover. 
Both bacteria diversity (p=0.0036, 
figure 1B) and richness (p=0.00032, 
figure 1C) of patients with COVID- 19 
were still significantly lower than that 
of controls. Principal coordinates anal-
ysis of beta diversity also showed distinct 
separation of patients with COVID- 19 
from controls (F=8.3822, p<0.001, 
figure 1D). These observations suggest 
persistent gut dysbiosis beyond 1 year in 
patients with PACS.

Specifically, the gut microbiome of 
recovered patients with COVID- 19 was 
characterised by enrichment of poten-
tially pathogenic bacteria, Erysipelatoclo-
stridium ramosum5 and Ruminococcus 
gnavus,6 as well as depletion of bene-
ficial bacteria such as Bifidobacterium 
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Figure 1 Post- acute COVID- 19 syndrome (PACS) and gut dysbiosis 1 year after SARS- CoV- 2 clearance. (A) Prevalence of PACS symptoms at an 
average of 14- month follow- up after viral clearance. The alpha diversity (B) and richness (C) in patients with post- acute COVID- 19 compared with 
subjects without COVID- 19. (D) Principal coordinates analysis (PCoA) of gut microbiota composition of patients with post- acute COVID- 19 compared 
with subjects without COVID- 19. (E) Volcano plot for the general associations between PACS and microbes at species level calculated by MaAsLin2. 
False discovery rate (FDR) below 0.05 was considered as significant. (F) Heatmap of microbial species associated with different PACS symptoms. 
Associations were coloured by direction of effect (red, positive; blue, negative), with associations significant at FDR <0.05 marked with a plus 
(positive correlations (PC)) or minus (negative correlations (NC)), respectively.
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adolescentis and B. pseudocatenulatum 
(figure 1E and online supplemental table 
1). The latter two beneficial bacteria could 
potentially improve inflammation and 
neurological symptoms.7 8 Interestingly, 
PACS affecting different bodily systems 
showed a similar pattern of microbial alter-
ations (figure 1F). Almost all PACS symp-
toms were significantly associated with 
depletion of beneficial bacteria such as 
Gemmiger formicilis9 and B. adolescentis,7 
suggesting the possibility to develop 
universal microbiome- based therapies or 
interventions targeting various symptoms. 
It is worth noting that some beneficial 
bacteria were not associated with specific 
PACS symptoms. For example, B. pseudo-
catenulatum were not found to be associ-
ated with any of the respiratory symptoms 
suggesting that possible functions of 
different beneficial bacteria should be care-
fully considered when conducting clinical 
studies. Consistent with the key microbial 
species identified thus far,1–3 the enrich-
ment of potentially pathogenic bacteria 
including R. gnavus, Clostridium bolteae, 
Flavonifractor plautii and E. ramosum was 
associated with the majority of the PACS 
symptoms. Thus, effective elimination 
or inhibition of these bacteria via dietary 
intervention, microbiota modulation or 
drugs may also have significant impli-
cations for alleviating PACS. To move 
forward, more extensive validation on the 
above associations is needed to address the 
potential confounders that could possibly 
alter the microbiome, such as host milieu, 
diet or medication history.

Taken together, our findings showed 
that post- COVID- 19 gut dysbiosis could 
linger beyond 1 year and is closely asso-
ciated with PACS. Although the exact 
mechanism underlying the pathogenesis 
of PACS is largely unknown, these data 
further support the emerging role of gut 
microbiota alterations in PACS. Current 
management of PACS relies heavily on 
symptomatic treatment of individual 
symptoms. Gut microbiota modulation 
could potentially be developed as a novel 
holistic approach that targets multiple 
systems and symptoms. In the future, 
more clinical trials are needed to shed light 
on the efficacy and safety of microbiome- 
based interventions for PACS.
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Supplementary Materials 

 

Study population  

This prospective cohort study was performed at the Prince of Wales Hospital in Hong Kong, 

China. All patients were diagnosed with COVID-19 by a positive SARS-CoV-2 on reverse 

transcriptase polymerase chain reaction test in nasopharyngeal swab, nasal swab, deep throat 

saliva, sputum, or tracheal aspirate, from Jan 2020 to Feb 2021. Patients were excluded if they 

were unable to be contacted, re-infected by SARS-CoV-2, declined to participate, or died before 

the follow-up visit. Data including demographics, clinical and laboratory data were extracted 

from electronic medical records in the Clinical Management System of the Hospital Authority 

of Hong Kong. Severity of COVID-19 infection was categorised as Table 1. 

 

Table 1 Definition of severity for COVID-19 

Severity Definition 

Asymptomatic/Mild No radiographic evidence of pneumonia 

Moderate Pneumonia was present along with fever and respiratory tract 

symptoms 

Severe Respiratory rate ≥30/min, oxygen saturation ≤93% when breathing 

ambient air, or PaO2 / FiO2 ≤300 mm Hg (1 mm Hg = 0.133 kPa) 

Critical There was respiratory failure requiring mechanical ventilation, shock, 

or organ failure requiring intensive care1. 

 

Post-acute COVID-19 syndrome (PACS) was defined as having at least one persistent symptom 

which cannot be explained by alternative diagnosis four weeks after recovery from COVID-19. 

We assessed the presence of 37 most commonly reported symptoms post COVID2, 3 at an 

average of 14 months follow-up after viral clearance.  

 

Controls were recruited during the same study period from the community through 

advertisement and from the Endoscopy Centre at the Prince of Wales Hospital in subjects who 

had a normal colonoscopy (stools collected before bowel preparation) with the same collection 

protocol. We selected aged- and gender-matched controls with similar co-morbidities and 

standard dietary patterns for comparison of gut microbiota composition between subjects with 

and without COVID-19 infection. Demographics and co-morbidities of controls were listed in 

Supplementary Table 3. The exclusion criteria for non-COVID-19 controls were (1) the use of 

antibiotics in the last 6 months; (2) the use of laxatives or anti-diarrheal drugs in the last 3 

months; (3) recent dietary changes (e.g., becoming vegetarian/vegan); (4) known complex 
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infections or sepsis; (5) known history of severe organ failure (including decompensated 

cirrhosis, malignant disease, kidney failure, epilepsy, active serious infection, acquired 

immunodeficiency syndrome); (6) bowel surgery in the last 6 months (excluding 

colonoscopy/procedure related to perianal disease); (7) presence of an ileostomy/stoma; and (8) 

current pregnancy.  

 

In total, 310 subjects were recruited in this study (Table 2). All samples from patients with COVID-

19 and controls were processed and analysed simultaneously. 

 

Table 2 Clinical characteristics of recruited subjects 

  
COVID-19 

(n=155) 

Non-COVID-

19 Control 

(n=155) 

p 

Female, n (%) 82 (52.9) 82(52.9) 1.00  

Age, years (IQR) 54 (40-65) 53 (41-63) 0.87  

BMI 24 (21-27) 24 (22-28) 0.75  

Follow-up, months (IQR) 14 (11-18) NA   

Severity   

Asymptomatic/Mild 91 (58.7) NA   

  Moderate 30 (19.4) NA   

  Severe 23 (14.8) NA   

  Critical 11 (7.1) NA   

 

 

Stool samples 

Stool samples were collected at an average of 14 months follow-up after viral clearance. Subjects 

on the day of follow-up self-sampled at home and couriered to the hospital within 24 hours of 

collection. All samples were collected in collection tubes containing preservative media (cat. 63700, 

Norgen Biotek Corp, Ontario Canada) and stored immediately at −80°C until processing. We have 

previously shown that data of gut microbiota composition generated from stools collected using this 

preservative medium was comparable with data obtained from samples that were immediately 

stored at −80°C4. 

 

Stool DNA extraction and sequencing 
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The faecal pellet was added to 1 mL of CTAB buffer and vortexed for 30 seconds, then the sample 

was heated at 95°C for 5 minutes. After that, the samples were vortexed thoroughly with beads at 

maximum speed for 15 minutes. Then, 40 μL of proteinase K and 20 μL of RNase A was added to 

the sample and the mixture was incubated at 70°C for 10 minutes. The supernatant was then obtained 

by centrifuging at 13,000g for 5 minutes and was added into the Maxwell RSC machine for DNA 

extraction. Extracted DNA was subject to DNA libraries construction, completed through the 

processes of end repairing, adding A to tails, purification and PCR amplification, using Nextera 

DNA Flex Library Preparation kit (Illumina, San Diego, CA). Libraries were subsequently 

sequenced on our in-house sequencer Illumina NextSeq 550 (150 base pairs paired-end) at the 

Centre for Microbiota Research, The Chinese University of Hong Kong.  

 

Bioinformatics 

Raw sequence data were quality filtered using Trimmomatic V.39 to remove adaptor, low-quality 

sequences (quality score <20), reads shorter than 50 base pairs. Contaminating human reads were 

filtering using Kneaddata (V.0.7.2 https://bitbucket.org/biobakery/kneaddata/wiki/Home, Reference 

database: GRCh38 p12) with default parameters. Following this, microbiota composition profiles 

were inferred from quality-filtered forward reads using MetaPhlAn3 version 3.0.5. GNU parallel5 

was used for parallel analysis jobs to accelerate data processing. Alpha diversity metrics (Shannon 

diversity, Chao1 richness) were calculated by using the phyloseq package, version 1.26.0. Species 

whose average abundance and prevalence was less than 0.1% and 5% were filtered out. 

 

Statistical analysis 

All analyses were performed in R 4.0.1. Qualitative and quantitative differences between subgroups 

were analysed using chi‐squared or Fisher's exact tests for categorical parameters and Mann‐

Whitney test for continuous parameters, as appropriate. Principal Coordinates Analysis (PCoA) was 

used to visualise the clustering of samples based on their species-level compositional profiles. 

Associations of specific microbial species with patient parameters were identified using the 

multivariate analysis by linear models (MaAsLin2) statistical frameworks implemented in the 

Huttenhower Lab Galaxy instance (http://huttenhower.sph.harvard.edu/galaxy/). PCoA and 

PERMANOVA are implemented in the vegan R package V.2.5–7. 
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Supplementary Table 1 MaAslin2 analysis of microbial species associated with 

different PACS symptoms 

 

Species coef pval qval 

s__Blautia_wexlerae -0.26548 1.48E-11 6.16E-10 

s__Bacteroides_galacturonicus -0.25155 2.82E-09 9.35E-08 

s__Blautia_obeum -0.2906 6.71E-07 1.86E-05 

s__Gemmiger_formicilis -0.35336 1.08E-06 2.55E-05 

s__Erysipelatoclostridium_ramosum 0.380782 3.98E-06 8.27E-05 

s__Roseburia_hominis -0.37007 1.55E-05 0.000257 

s__Ruminococcus_gnavus 0.416571 1.40E-05 0.000257 

s__Eubacterium_hallii -0.2941 2.36E-05 0.000356 

s__Faecalibacterium_prausnitzii -0.26288 4.00E-05 0.000553 

s__Sutterella_parvirubra 0.192596 9.32E-05 0.00119 

s__Streptococcus_vestibularis -0.18874 0.000184 0.002034 

s__Anaerotignum_lactatifermentans 0.178486 0.000182 0.002034 

s__Oscillibacter_sp_57_20 -0.26078 0.00022 0.002284 

s__Bifidobacterium_adolescentis -0.34435 0.000305 0.002788 

s__Asaccharobacter_celatus -0.26366 0.000319 0.002788 

s__Eubacterium_ramulus -0.22102 0.000298 0.002788 

s__Agathobaculum_butyriciproducens -0.16664 0.000376 0.003124 

s__Bifidobacterium_pseudocatenulatum -0.31041 0.000431 0.003251 

s__Parabacteroides_gordonii 0.14744 0.000412 0.003251 

s__Streptococcus_thermophilus -0.18249 0.000604 0.004177 

s__Turicimonas_muris 0.18501 0.00058 0.004177 

s__Adlercreutzia_equolifaciens -0.24308 0.00073 0.004845 

s__Clostridium_bolteae 0.257505 0.000766 0.00489 

s__Anaerostipes_hadrus -0.17544 0.000859 0.005228 

s__Bacteroides_fragilis 0.340827 0.000882 0.005228 

s__Bacteroides_salyersiae 0.203681 0.000938 0.005369 

s__Megamonas_funiformis -0.29275 0.001108 0.006045 

s__Dorea_formicigenerans -0.23973 0.001159 0.006045 

s__Coprobacillus_cateniformis 0.228054 0.001165 0.006045 

s__Klebsiella_quasipneumoniae -0.17647 0.001757 0.008837 

s__Blautia_hansenii 0.19892 0.002074 0.010125 

s__Streptococcus_pasteurianus 0.14305 0.002869 0.013605 

s__Firmicutes_bacterium_CAG_83 -0.26549 0.003047 0.01405 

s__Fusicatenibacter_saccharivorans -0.2104 0.003403 0.015238 

s__Blautia_producta 0.12797 0.00358 0.015238 

s__Blautia_sp_CAG_257 0.224475 0.003547 0.015238 

s__Parasutterella_excrementihominis 0.221376 0.004122 0.017107 

s__Bacteroides_thetaiotaomicron 0.186053 0.004288 0.017362 

s__Dorea_sp_CAG_317 0.141272 0.006602 0.026095 
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s__Dorea_longicatena -0.18283 0.006868 0.026515 

s__Veillonella_atypica 0.137401 0.007206 0.027187 

s__Megamonas_hypermegale -0.1937 0.007772 0.028046 

s__Escherichia_coli 0.174986 0.007712 0.028046 

s__Coprococcus_catus -0.2139 0.008391 0.029636 

s__Ruminococcus_torques -0.16247 0.009056 0.031319 

s__Eubacterium_rectale -0.2057 0.011574 0.036652 

s__Coprococcus_comes -0.19018 0.011275 0.036652 

s__Ruminococcaceae_bacterium_D16 0.117242 0.011702 0.036652 

s__Tyzzerella_nexilis 0.137746 0.011386 0.036652 

s__Proteobacteria_bacterium_CAG_139 0.192373 0.010923 0.036652 

s__Clostridium_clostridioforme 0.129459 0.012045 0.037026 

s__Flavonifractor_plautii 0.140405 0.012738 0.038445 

s__Coprococcus_eutactus -0.0913 0.015086 0.04472 

s__Clostridium_symbiosum 0.145429 0.016076 0.046817 

s__Bifidobacterium_longum -0.16628 0.018345 0.052506 

s__Bacteroides_dorei -0.26398 0.020902 0.058809 

s__Eubacterium_eligens -0.17549 0.022148 0.060273 

s__Haemophilus_sp_HMSC71H05 -0.10892 0.021923 0.060273 

s__Bifidobacterium_dentium 0.099412 0.024297 0.065054 

s__Hungatella_hathewayi 0.144427 0.028627 0.075431 

s__Bacteroides_massiliensis 0.181702 0.030389 0.078822 

s__Lactobacillus_rogosae -0.12724 0.032074 0.081911 

s__Clostridium_leptum -0.15077 0.035766 0.089956 

s__Collinsella_aerofaciens -0.18485 0.037557 0.093052 

s__Ruminococcus_bicirculans -0.17667 0.043867 0.106759 

s__Firmicutes_bacterium_CAG_110 -0.10287 0.044376 0.106759 

s__Bacteroides_ovatus -0.14322 0.053627 0.127172 

s__Parabacteroides_merdae -0.1732 0.059319 0.13869 

s__Bacteroides_intestinalis -0.13702 0.064098 0.147781 

s__Veillonella_parvula 0.109276 0.066008 0.1501 

s__Blautia_coccoides 0.088044 0.068756 0.154236 

s__Olsenella_scatoligenes -0.0971 0.074363 0.16459 

s__Eubacterium_ventriosum -0.14844 0.076974 0.168127 

s__Fusobacterium_varium 0.082804 0.084288 0.180174 

s__Collinsella_intestinalis 0.087697 0.08466 0.180174 

s__Ruminococcus_lactaris -0.11519 0.109584 0.230265 

s__Roseburia_intestinalis -0.14707 0.116356 0.241439 

s__Oscillibacter_sp_CAG_241 -0.13649 0.118469 0.242788 

s__Bacteroides_cellulosilyticus -0.14088 0.121231 0.245418 

s__Parabacteroides_goldsteinii 0.09897 0.126492 0.252984 

s__Eisenbergiella_massiliensis 0.086093 0.135932 0.268628 

s__Roseburia_inulinivorans -0.12123 0.146931 0.286947 
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s__Ruminococcus_bromii -0.13795 0.154571 0.295053 

s__Parabacteroides_distasonis 0.067754 0.154636 0.295053 

s__Streptococcus_parasanguinis 0.109304 0.165792 0.312744 

s__Collinsella_stercoris 0.084802 0.18266 0.340692 

s__Eubacterium_siraeum -0.10855 0.186757 0.344463 

s__Streptococcus_anginosus_group 0.062108 0.189877 0.346369 

s__Clostridium_asparagiforme 0.075523 0.196034 0.353714 

s__Gordonibacter_pamelaeae -0.07842 0.199015 0.355231 

s__Eubacterium_sp_CAG_274 -0.07026 0.202944 0.35839 

s__Bacteroides_clarus 0.093799 0.206413 0.360679 

s__Clostridium_citroniae 0.083817 0.210247 0.363551 

s__Enterobacter_cloacae_complex -0.04973 0.231187 0.39564 

s__Roseburia_sp_CAG_303 -0.04806 0.236531 0.400654 

s__Klebsiella_pneumoniae -0.09646 0.256924 0.426977 

s__Bacteroides_vulgatus 0.094141 0.257215 0.426977 

s__Klebsiella_variicola -0.06732 0.264102 0.434068 

s__Intestinimonas_butyriciproducens 0.066269 0.282875 0.460365 

s__Eubacterium_sp_CAG_38 -0.09739 0.286679 0.462026 

s__Odoribacter_splanchnicus -0.08006 0.304122 0.482719 

s__Eisenbergiella_tayi 0.051791 0.305334 0.482719 

s__Veillonella_dispar 0.031051 0.31008 0.485597 

s__Eggerthella_lenta 0.069525 0.336095 0.521419 

s__Acidaminococcus_intestini -0.0761 0.351606 0.540431 

s__Bacteroides_caccae -0.0741 0.364483 0.555085 

s__Ruthenibacterium_lactatiformans 0.05463 0.386924 0.583903 

s__Alistipes_shahii -0.07015 0.391179 0.585006 

s__Paraprevotella_xylaniphila -0.04313 0.398383 0.590461 

s__Bacteroides_sp_OM05_12 0.052322 0.408592 0.600232 

s__Bacteroides_coprocola 0.057408 0.415105 0.604451 

s__Haemophilus_parainfluenzae 0.038761 0.440895 0.636422 

s__Parabacteroides_johnsonii 0.041641 0.449089 0.642662 

s__Phascolarctobacterium_succinatutens 0.032905 0.466907 0.662449 

s__Clostridium_bolteae_CAG_59 -0.04257 0.479243 0.67419 

s__Mitsuokella_multacida 0.03483 0.483996 0.675154 

s__Alistipes_putredinis -0.0635 0.511498 0.681439 

s__Bacteroides_finegoldii -0.05189 0.496964 0.681439 

s__Bacteroides_stercoris -0.05142 0.524994 0.681439 

s__Streptococcus_salivarius -0.04386 0.507025 0.681439 

s__Enterococcus_faecalis -0.03542 0.51281 0.681439 

s__Desulfovibrio_piger 0.034767 0.524073 0.681439 

s__Holdemanella_biformis 0.042333 0.52249 0.681439 

s__Bacteroides_xylanisolvens 0.048445 0.525447 0.681439 

s__Akkermansia_muciniphila 0.062866 0.503066 0.681439 
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s__Roseburia_faecis -0.06331 0.53336 0.686339 

s__Bacteroides_eggerthii 0.053877 0.547793 0.69949 

s__Alistipes_finegoldii 0.048835 0.552116 0.699628 

s__Firmicutes_bacterium_CAG_145 0.032346 0.566247 0.706744 

s__Bacteroides_plebeius 0.048915 0.561991 0.706744 

s__Eubacterium_sp_CAG_251 0.031862 0.575505 0.712938 

s__Paraprevotella_clara -0.02352 0.580379 0.713651 

s__Cloacibacillus_porcorum 0.028121 0.587254 0.716795 

s__Megasphaera_elsdenii 0.025074 0.605059 0.733138 

s__Coprobacter_fastidiosus 0.021388 0.620553 0.746462 

s__Anaerotruncus_colihominis 0.029601 0.629174 0.751388 

s__Barnesiella_intestinihominis -0.04048 0.643395 0.762883 

s__Clostridium_innocuum 0.031884 0.658854 0.775672 

s__Alistipes_indistinctus -0.03281 0.671073 0.784494 

s__Faecalitalea_cylindroides -0.01916 0.687234 0.797768 

s__Bifidobacterium_bifidum -0.02074 0.737787 0.840016 

s__Bacteroides_uniformis -0.01884 0.742294 0.840016 

s__Butyricimonas_synergistica 0.021039 0.740916 0.840016 

s__Lawsonibacter_asaccharolyticus 0.023716 0.74387 0.840016 

s__Clostridium_sp_CAG_242 -0.02615 0.749908 0.841113 

s__Butyricimonas_virosa 0.02299 0.767471 0.855035 

s__Blautia_hydrogenotrophica -0.01669 0.773783 0.85632 

s__Eubacterium_sp_CAG_180 0.019705 0.785982 0.86406 

s__Clostridium_sp_CAG_58 -0.01718 0.820181 0.895724 

s__Anaeromassilibacillus_sp_An250 -0.01019 0.845401 0.911276 

s__Lachnospira_pectinoschiza 0.022083 0.845146 0.911276 

s__Clostridium_sp_CAG_299 -0.00907 0.854184 0.913817 

s__Bilophila_wadsworthia 0.009688 0.858768 0.913817 

s__Phascolarctobacterium_faecium -0.01265 0.878988 0.92034 

s__Clostridium_saccharolyticum -0.00804 0.879019 0.92034 

s__Holdemania_filiformis 0.007447 0.881531 0.92034 

s__Sellimonas_intestinalis -0.0082 0.909994 0.940744 

s__Intestinibacter_bartlettii -0.00671 0.918075 0.940744 

s__Dialister_sp_CAG_357 0.01159 0.917331 0.940744 

s__Oxalobacter_formigenes -0.00429 0.935369 0.952584 

s__Prevotella_copri 0.005813 0.954866 0.96651 

s__Fusobacterium_mortiferum -0.00221 0.963449 0.969288 

s__Roseburia_sp_CAG_471 0.001193 0.987949 0.987949 
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