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Abstract. – OBJECTIVE: COVID-19 has 
been a major infectious disease lately in hu-
mans. 10% of people experience persistent 
symptoms twelve weeks after having COVID-19. 
The gut microbiota is essential for host immu-
nity. Thus, gut microbiota composition may 
contribute to the recovery of COVID-19 pa-
tients. The impact of COVID-19 on the gut mi-
crobiota of patients during recovery is less 
explored. We investigated the potential alter-
ations of bacterial gut microbiota of immedi-
ately recovered COVID-19 patients, and six 
months after their recovery. 

MATERIALS AND METHODS: Stool samples 
were collected from 8 patients with COVID-19 
immediately after their recovery, and six months 
after SARS-CoV-2 clearance, as well as from 8 
healthy donors as a control group. 16S rRNA 
gene sequencing was performed to analyze the 
correlation between disease recovery and mi-
crobiota using the immediately recovered and 
control group. Specific primers were designed 
for the most significantly altered bacteria and 
used to analyze the changes in intestinal mi-
crobiota composition of patients using qPCR. 
qPCR comparisons were performed on three 
groups: newly recovered from COVID-19, after 
six months of COVID-19 recovery, and healthy 
controls. 

RESULTS: Compared with the healthy con-
trol group, patients who immediately recovered 
from COVID-19 had significantly less presence 
of 15 bacterial groups. The immediately recov-
ered patients had a very significantly higher rel-
ative abundance of the opportunistic pathogen 
Mycolicibacterium. No differences were found 
between the immediately recovered patients, 
and after six months of recovery using the qP-
CR analyses. 

CONCLUSIONS: Our results contribute novel 
insights regarding the alteration of human gut 
microbiota and the emergence of opportunistic 
pathogens in recovered patients of COVID-19. 
Further studies with a larger experimental size 
are needed to reveal balance or dysbiosis in pa-
tients after COVID-19 recovery.
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Introduction

The novel coronavirus called SARS-CoV-2 
causes the respiratory coronavirus disease 
COVID-19. In most patients, the disease pres-
ents moderate symptoms that include headache, 
cough, fever, lethargy, shortness of breath, diar-
rhea, vomiting, altered smell, altered taste, and 
pain in the abdomen, chest, joints, and muscles1-3. 
In fewer cases, the disease can be severe, result-
ing in vascular complications, acute kidney and 
lung injury, multi-organ failure, and death4-6. 
SARS-CoV-2 causes systemic infection and viral 
genetic material can be found for months in the 
tissues of the intestines, lymph nodes, and other 
areas of the body7. One in ten people still expe-
rience persistent symptoms up to twelve weeks 
after having COVID-19, termed “long COVID” 
or post-COVID-19 conditions8. The nature of 
long COVID is still not fully understood, and the 
true prevalence is currently unknown9,10. Known 
manifestations of long COVID conditions include 
fatigue, back pain, post-traumatic stress syn-
drome, depression, cognitive impairment “brain 
fog”, memory loss, somatoform pain disorder, 
panic disorder, impaired immune system, in-
creased risk of damage to the heart, lungs, and 
brain, chronic inflammation, hypercoagulability, 
and gut dysbiosis9,11-17. The gut-lung axis is an in-
tersecting mucosal immune system that connects 
the gastrointestinal and respiratory systems18. Be-
cause some symptoms of COVID-19 and long 
COVID are linked to the digestive tract, there is 
a suspected link between the lung and intestinal 
microbiota that influences the results of clinical 
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manifestations12. Therefore, research into the ef-
fects of COVID-19 on the human gut microbiota, 
particularly the long-term effects are needed to 
understand the implications of this disease on 
health as well as on potential remediation or min-
imization of symptoms. 

The human gut microbiota, by definition, is 
the community of trillions of microorganisms 
resident in the gastrointestinal tract, which most-
ly consist of non-pathogenic archaea, bacteria, 
fungi, and viruses19. The intestinal microbiota is 
unique to each individual and has a high vari-
ability since its composition depends on genetic 
factors, lifestyle, feeding, and birth route, among 
others20-24. In the intestinal mucosa, some bacte-
ria are a functional continuum with mutualistic, 
commensalistic, opportunistic, and pathogenic 
microbes. The vast majority are mutualistic or 
commensalistic and few are pathogenetic, that 
is those that can cause disease. This community 
together is at times referred to as a ‘metabolic 
organ’ due to its effects on human well-being, 
metabolism, physiology, nutrition, and immune 
system25. 

The intestinal microbiota is essential for reg-
ulating homeostasis in the human immune and 
metabolic systems 26-28. The disturbance of in-
testinal microbiota has been linked to colorectal 
cancer, autism, chronic diseases such as heart 
disease, respiratory diseases, inflammatory bow-
el disease, obesity, and some metabolic diseases 
such as diabetes, liver cirrhosis, and non-alco-
holic fatty liver disease29-37. Moreover, the mi-
crobiota can have an impact on the outcomes of 
viral diseases38. Therefore, having a balanced gut 
microbiota is vital for health. Whether a change 
in the microbiota causes the disease to develop or 
the disease causes a change in the microbiota, the 
causal relationship between disease and microbi-
ota composition remains an unanswered question 
in most diseases.

In the case of COVID-19, dysbiosis affects 
the integrity of the intestinal barrier causing 
the translocation of the virus from the lung to 
the intestinal lumen through the circulatory and 
lymphatic systems39. In patients with COVID-19, 
there are primary inflammatory stimuli that trig-
ger the release of intestinal cytokines into the 
circulatory system, which can cause microbial 
dysbiosis40,41. 

The microbiota of patients with COVID-19 
during hospitalization are characterized by en-
richment of opportunistic pathogens and deple-
tion of commensals in the gut42,43. Due to the gut 

microbiota’s crucial importance, dysbiosis could 
increase COVID-19 severity and prolong patient 
recovery. The majority of COVID-19’s most seri-
ous clinical illnesses and deaths occur in people 
who have certain risk factors, such as old age and 
the existence of one or more comorbidities, all of 
which are associated with an unbalanced microbi-
ota44. Dysbiosis in COVID-19 patients enhances 
inflammation and long-term symptoms13,45. Al-
together, the available data suggests a potential 
role of gut microbiota in COVID-19 progression, 
severity, and perhaps susceptibility. 

In this pilot study, we hypothesize that the in-
testinal microbiota is altered during the recovery 
process following SARS-CoV-2 infection. The 
participants of our study included a total of 16 
individuals: 8 participants had been diagnosed 
and had recovered from COVID-19 in December 
2020 with mild symptoms and no need for hos-
pitalization, versus 8 participants that had never 
contracted COVID-19. Through the application of 
bacterial high-throughput sequencing and analy-
ses, we investigated the differences in the gut 
microbiota of these participants. In addition, after 
identification of the most significantly varying 
bacteria from the sequencing data, we used quan-
titative PCR (qPCR) to study the levels of twelve 
bacterial groups among the COVID-19 patients in 
samples collected in December 2020 and after six 
months of their infection in July 2021.

Materials and Methods

Sample Collection
The COVID-19 positive participants were labo-

ratory-confirmed SARS-CoV-2 positive by quan-
titative reverse transcription PCR (RT-qPCR) 
performed on nasopharyngeal swabs collected by 
hospital staff. Eight recovered from COVID-19 
at the time with clearance of SARS-CoV-2, and 
8 that had never contracted COVID-19 at the 
time of the sampling participated in this study. 
The stool samples were collected in December 
2020 in Istanbul (Turkey). Although the SARS-
CoV-2 variants were not identified in the patients, 
from the dates of the infections, we assume 
the variants were either Alpha or Beta46. None 
of the participants had been vaccinated against 
COVID-19 at the time of the stool sampling. Bio-
metric, lifestyle, and medical history information 
was recorded using a standard form self-filled by 
the participants. The non-COVID-19 subjects or 
control group were recruited among the person-
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nel of Beykoz Institute of Life Sciences and Bio-
technology (Istanbul, Turkey) as healthy donors. 
Stool samples were collected in a collection tube 
(100 × 16 mm and 13 ml, Marienfeld Superior, 
Germany). Participants provided stools on the 
day of follow-up on self-sampling at home and 
stored them at -80°C until processing.

Stool DNA Extraction
For DNA extraction from stool in preparation 

for next-generation sequencing, we used DNA 
Tissue Kit STM QuickGene (Kurabo, Japan). 
First, a 25 mg stool sample was transferred to the 
homogenization tube with a 250 µl MDT (Tis-
sue Lysis) solution. To homogenize, 15 mg 0.1 
mm ø glass beads were added to the tube. The 
samples were treated twice for 120 seconds each 
at 3,075 g in the homogenizer. After the sample 
was homogenized, 25 µl of EDT (Proteinase K) 
solution was added and incubated at 56°C for 60 
minutes. Then, the samples were centrifuged at 
15,000 g for 10 minutes at room temperature. 
After centrifugation, 200 µl of supernatant was 
transferred to a 1.5 ml tube. After adding 180 µl 
of LDT (cell lysis) solution and vortexing for 15 
seconds, the micro-tube was incubated at 70°C 
for 10 minutes. In the next step, 240 µl of 99% 
ice-cold ethanol was added and the sample was 
vortexed for 15 seconds. All the contents of the 
micro-tube were transferred to the QuickGene 
filtered cassette and the washing and elution pro-
cess was performed following the manufacturer’s 
suggested protocol. After the extraction process, 
the samples were diluted with 200 µl CDT (elu-
tion buffer) of obtained genomic DNA to a final 
concentration of 50-60 ng per µl. DNA quality 
and purity were measured using Colibri Titertek 
Berthold and Qubit fluorometer 2.0 device. For 
qPCR analyses, the QIAamp DNA Stool Mini Kit 
(Qiagen, Hiden, Germany) was used following 
the manufacturer’s instructions.

Next-Generation Sequencing

16S ribosomal DNA V3-V4 
preparation phase

PCR was carried out with a 30 µl reaction 
solution containing 10 ng template DNA, 6 µM 
primers, 15 µL 2× Phusion Master Mix (New En-
gland Biolabs Inc., Ipswich, MA, USA), and 2 µL 
of water. The PCR condition included an initial 
denaturation at 98°C for 1 minute, 30 cycles of 
denaturation at 98°C for 10 seconds, annealing 

at 50°C for 30 seconds and extension at 72°C 
for 30 seconds, and final extension at 72°C for 5 
minutes. A mix of the same volume of 1X loading 
buffer (containing SYBR green) and run electro-
phoresis on a 2% agarose gel for detection was 
used. PCR products from samples with bands be-
tween 400 bp-450 bp were selected and mixed at 
equal concentrations. Mixed PCR products were 
purified with the Qiagen Gel Extraction Kit (Qia-
gen, Germany). Sequencing libraries were pro-
duced using the NEBNext® Ultra™ DNA Library 
Prep Kit (Thermo Fisher Scientific, Waltham, 
MA, USA) according to the manufacturer’s rec-
ommendations and index codes were added. Li-
brary quality was evaluated on the Qubit® 2.0 
Fluorometer (Thermo Fisher Scientific, Waltham, 
MA, USA). Finally, the library was sequenced on 
an Illumina NovaSeq6000 platform and 250 bp 
double-ended reads were generated. The forward 
and reverse primers used are shown in Supple-
mentary Table I. 

De Novo Assembly and Data Filtering
The unique molecular barcodes, linker primer 

sequences from each sample (Supplementary 
Table II), and read pairs were separated and pair-
end reads were combined using Geneious soft-
ware. Afterward, reads were clustered into OTUs 
using the de novo assembler, and a taxonomy 
database was created. The batch BLAST OTUs 
and any potential chimeras were excluded using 
the taxonomy database. In addition, OTUs with 
very low total counts were excluded (20 reads in 
at least one of the samples were the minimum). 

Quantitative PCR
To evaluate the relative abundance of specif-

ic genera or species of bacteria in the patients 
immediately and after six months of recovery 
from COVID-19, qPCR was performed to assess 
the presence and the relative quantity of spe-
cific bacterial DNA. Specific bacterial primers 
were designed (Table I). Primer specificity was 
evaluated by comparing the chosen sequence 
fragments with all the sequences obtained from 
16S Ribosomal DNA analyses. We calculated the 
relative abundance (RA) of a specific bacterial 
genus or species by comparing the ∆CT using 
samples of water as no template calibrator con-
trol where abundance was calculated using the 
formula (RA=2−∆Ct)47. 

For each sample, SYBR real-time qPCR was 
conducted in duplicate in a 36-well rotor using a 
Rotor-Gene Q-QIAGEN. The 20 μL PCR reaction 

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-16.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-16.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-II-10.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-II-10.pdf
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was prepared as follows: 9 μL of 2× SeniFAST 
SYBR No-ROX kit (Bioline, UK), 1.8 μL of 4 μM 
of appropriate forward and reverse primers, 4.7 
μL RNase-free water, and 2.7 μL DNA template 
of 20 ng/μl. “No template controls”, in which 
RNase-free water was duplicated as no DNA 
template, were also performed for each master 
mix prepared. The real-time qPCR program was 
performed with hold 1 of 95°C/4 min, followed by 
45 cycles of cycling annealing of step 1: hold of 
95°C/10 s, step 2: hold of annealing temperature 
depending on each pair of primers characteristics 
used/15 s (Table I), step 3: 72°C/10 s acquiring to 
cycling A (Green), 95°C/1 s, with melting ramp 
depending on each pair of primers characteristics 
used (Table I) to 95°C, and hold of 90 s on the 1st 
step, hold for 4 s on next steps, for melting curve. 

Statistical Analysis
Two-tailed significance test and response 

screening test were used to perform hypothesis 
tests on inter-group taxonomic abundance data, 
the occurrence rate >10% to obtain a p-value 
based on the taxonomic abundance table of dif-
ferent levels and the p-value. The relationships 
between the microbial data, clinical and no clin-
ical parameters were assessed using a response 

screening correlation test. All statistical data 
analyses were performed using JMP software. 

Two-tailed significance tests and box-and-
whisker plots for descriptive statistics were per-
formed with the results obtained from qPCR 
analyses. 

Results

Sample Collection
The studied groups included 8 patients with 

confirmed SARS-CoV-2 infection and clearance 
and 8 participants without any experienced infec-
tion of SARS-CoV-2. The details of the partici-
pants of this study are described in Table II. The 
median age of COVID-19 patients was 41 years, 
and the control group was 32 years. 75% were 
women in each group. None of them were hospi-
talized or vaccinated against COVID-19. 

Next-Generation Sequencing
More than 1,100 bacterial and 10 archaeal 

OTUs were amplified from the analysed stool 
samples. Of the ~1,100 different bacterial OTUs 
amplified, 65% belong to phylum Firmicutes, 
21% to Bacteroidetes, 7% to the Actinobacteria, 

Table I. Details of specific primers designed for qPCR analyses. 

    T annealing/
   Amplicon length T melting
 Name  Sequence (5’- 3’)  (bp) (°C)

Acetivibrio-F1 TTCGGCAAGTCTGATGTGAAAG 144 62/67
Acetivibrio-R1 TGTCAGTTACTGTCCAGTAAGCC  
Aeromicrobium-F1 CCTGCAGAAGAAGGACCGGCC 110 64/69
Aeromicrobium-R1 GACAAACCGCCTACGAGCC  
Anaerotignum-F1 ATAAGAAGCCCCGGCTAACTA 220 56/61
Anaerotignum-R1 TTCCTAATATCTACGCATTTCA   
Bacilli-F1 TAGGGAATCTTCCGCAATGGA 200 62/67
Bacilli-R2 AACGCTTGCCACCTACGTATT   
Chloroflexi-F1 CAAGGAATTTTCCCCAATGG 160 58/63
Chloroflexi-R1 GTAGTTGGCCGCACCTTCTTCTG   
Desulfomicrobiae-F1 TGTGAGGGATGAAGGCCTTC 174 51/56
Desulfomicrobiae-R1 ATTCCGAATAACGCT   
Mycolicibacterium-F2 CGTAGGTGGTTTGTCGCGTTGTTC  95 66/71
Mycolicibacterium-R3 TTCCAGTCTCCCCTGCAGTACTC  
Paenarthrobacter-F1 CGCAAGCGTTATCCGGAATTAT 110 62/67
Paenarthrobacter-R1 TGCACTCTAGTCTGCCCGTAC  
Paenibacillaceae-F1 GAGAAGAAAGCCCCGGCTAAC 190 64/69
Paenibacillaceae-R1 TCACCGCTACACGTGGAATTCC  
Sphaerobacter thermophilus-F1 GACGTAGGGTGCGAGCGTTGT 140 67/72
Sphaerobacter thermophilus-R1 CACCAGCCTCTCCCTGCCTCTA  
Stenotrophobacter-F1 TGTGCTAGAGTGCAGAAGGGGC 103 67/72
Stenotrophobacter-R1 TGTCAGCCCAGCAACCCGTCTTCA  
Xanthobacter-F1 AAGGGGGCTAGCGTTGCTCGGAATC 117 62/67
Xanthobacter-R1 GTTCCACCAACCTCTCTCGAACTC   
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5% Proteobacteria, 1% Acidobacteria, and 1% 
others (including unidentified sequences). Of the 
Firmicutes phylum, 87% belong to the Clos-
tridiales class (94% to Veillonellales order). Of 
the Bacteroidetes phylum, 97% belong to the 
Bacteroidia class. In the case of the Archaea, 
91% belong to Euryarchaeota and 9% to Thau-
marchaeota. No significant differences between 
groups were detected between the COVID-19 and 
uninfected controls group although COVID-19 
group presented fewer Firmicutes and Bacteroi-
detes in proportion than the control group (Fig-
ure 1). These results roughly conform to what is 
considered a healthy human adult gut microbiota, 
normally dominated by two phyla: Firmicutes 
(which includes mainly Clostridium, Enterococ-
cus, Lactobacillus, and Faecalibacterium genera) 
and Bacteroidetes (which includes notably Bac-
teroides and Prevotella genera). Other phyla like 
Actinobacteria, Proteobacteria, Verrucomicrobia, 
and Euryarchaeota, are represented in lower con-
centrations48,49. The relative abundance of bacte-
ria found from the high throughput sequencing 
analyses in the COVID-19 recovered and control 
group are shown more in detail in Supplementa-
ry Figure 1. 

The bacteria that are statistically significant in 
the response screen test between participants who 
recovered from COVID-19 and the control group 
are shown in Table III and Table IV. Among them, 
the most significantly altered genus was Mycolici-
bacterium. In addition, some bacteria were signifi-

cantly different between gender, blood type, age, 
weight, high blood pressure, thyroid condition, 
and sport (Table IV). Our data showed a high cor-
relation between individuals who recovered from 
COVID-19 and age, weight, and high blood pres-
sure. These and other correlations are also shown 
in Supplementary Figure 2. 

Quantitative PCR
From the sequences obtained in the next gen-

eration sequencing, twelve specific primer pairs 
had been designed for bacteria identified at phy-
lum level (Chroroflexi), at class level (Bacilli), at 
family level (Desulfomicrobium and Paenibacil-

Table II. Clinical characteristics of the studied groups. 

 Clinical characteristics  COVID-19 recovered Control Total

Gender: Male  4 2  2
 Female  4 6 10
Blood type:  A+ 3 5  8
 A- 0 1  1
 B+  2 2  4
 O+  1 -  1
 O- 1 -  1
 Unknown 1 -  1
High blood pressure  3 0  3
Thyroid condition  2 1  3
Antibiotic intake  2 7  9
Body mass index:  Obese   1 0  1
 Overweight  2 0  2
 Normal  5 8 13
Sport (at least two times per week)   0 8  8
Other medical conditions:  Asthma 1 0  1
 Autism spectrum  0 1  1
 Diabetes 1 0  1
 Gluten intolerance  0 1  0
 Irritable bowel disease  0 1  1

Figure 1. Average relative abundances of phyla of bacteria 
(Firmicutes, Bacteroidetes, Actinobacteria, Proteobacteria, 
and others) and archaea (Euryarchaeota and Thaumachaeo-
ta) detected in stool samples from patients newly recovered 
from COVID-19, and the control group.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-4.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-4.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-3.pdf
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Table III. Bacteria significantly different from the screen response analyses between newly recovered from COVID-19 and the control group.  

 Phylum Class Order Family Genus  Species  p-value 

Acidobacteria Blastocatellales Blastocatellia Blastocatellaceae Stenotrophobacter - 0.02
Actinobacteria Acidimicrobiales Acidimicrobiia Ilumatobacteraceae - - 0.04
Actinobacteria Actinomycetia Micrococcales Micrococcaceae Paenarthrobacter - 0.02
Actinobacteria Actinomycetia Corynebacteriales Mycobacteriaceae Mycolicibacterium - 0.0002
Actinobacteria Actinomycetia Propionibacteriales Nocardioidaceae Aeromicrobium - 0.04
Actinobacteria Actinomycetia Propionibacteriales Nocardioidaceae Marmoricola - 0.02
Bacteroidetes Chitinophagales Chitinophagia Chitinophagaceae - - 0.03
Chloroflexi - - - - - 0.02
Chloroflexi Thermomicrobia  Sphaerobacterales Sphaerobacteraceae Sphaerobacter Sphaerobacter thermophilus 0.02
Firmicutes Bacilli - - - - 0.04
Firmicutes Bacilli Bacillales Paenibacillaceae - - 0.01
Firmicutes Clostridiales Eubacteriales Lachnospiraceae Anaerotignum - 0.04
Firmicutes Clostridiales Eubacteriales Ruminococcaceae Acetivibrio - 0.02
Proteobacteria Rhizobiales Alphaproteobacteria  Xanthobacteraceae Xanthobacter - 0.03
Proteobacteria Desulfovibrionales  Deltaproteobacteria Desulfomicrobiaceae  - 0.02
Proteobacteria Myxococcales Deltaproteobacteria Cystobacterineae Vitiosangium - 0.03
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laceae), genus level (Acetivibrio, Anaerotignum, 
Aeromicrobium, Mycolicibacterium, Paenartho-
bacter, Sphaerobacter, Stenotrophobacter, and 
Xanthobacter) and species level (Sphaerobacter 

thermophilus) (Table I). Specific primers for 
the sequences obtained of the families Chiti-
nophagaceae and Ilumatobacteraceae, and the 
genera Marmoricola and Vitiosangium, were not 

Table IV. Significant differences found in screen response analyses between groups in terms of load of specific bacterial 
group and different factors.

      High  
   Blood   blood Thyroid 
 COVID-19 Gender type Age Weight pressure condition Sport
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possible to design due to similarities to other 
sequences. Variability in microbial DNA abun-
dance was found immediately post COVID-19, 
after six months of COVID-19, and in the control 
group although significant differences were not 
observed (Figure 2). 

Discussion

COVID-19 is a serious global health problem. 
On 12 June 2022, over 533 million confirmed cas-
es and over 6.3 million deaths have been reported 
globally50. In a survey of 3,762 participants, more 
than 91% had a time-to-recovery of longer than 35 
weeks51. Long-term COVID patients experience 
multisystem involvement and significant disabili-
ty. By seven months, many patients have not yet 
recovered (mainly from systemic and neurolog-
ical/cognitive symptoms), have not returned to 
previous levels of work, and continue to experi-
ence a significant symptom burden51. Symptoms 
like fatigue, sleep disturbance, joint pain, anxiety, 
depression, headache, and diarrhea that appear 

with long COVID have also been correlated with 
dysbiosis of the gut microbiota52-60. Symptoms are 
very similar and given the fact that dysbiosis has 
consequences for SARS-CoV-2 infection, a strong 
connection between long COVID and microbiota 
dysbiosis should be considered, even though there 
is no direct evidence for this link yet. 

In this study, we identified the bacterial gut 
microbiota from 16 people, 8 diagnosed with 
and recovered from COVID-19 at the time of 
sampling with ‘clearance of SARS-CoV-2’, and 8 
participants that had never contracted COVID-19 
at the time of sampling. We characterized each 
of these individuals’ gut microbiota via Illumina 
sequencing of the V3-V4 region of bacterial 16S 
rRNA. We found significant differences between 
the control group and the patients immediately 
after recovery from COVID-19 in a total of 16 
groups of bacteria from sequences identified at 
phylum level belonging to Chloroflexi, at class 
level belonging to Bacilli, at family level belong-
ing to Chitinophagaceae, Desulfomicrobiaceae, 
Ilumatobacteraceae, and Paenibacillaceae, at ge-
nus level belonging to Acetivibrio, Aeromicrobi-

Figure 2. Box plot analyses of qPCR results. Box plot analyses display the Cq values for qPCR using specific primers for 
different bacterial groups. The samples analyzed belong to three groups: newly recovered from COVID-19, after six months 
of COVID-19 recovery, and healthy controls. Cq values for each group are represented by a box divided by the median line. 
Whiskers indicate the 5 to 95 percentile; individual outliers are indicated with dots.
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um, Anaerotignum, Marmoricola, Mycolicibac-
terium, Paenarthrobacter, Stenotrophobacter, 
Xanthobacter, and Vitiosangium and at species 
level belonging to Sphaerobacter thermophilus. 
All of them were significantly higher in the con-
trol group, except for Mycolicibacterium, being 
significantly higher in the group of participants 
who immediately recovered from COVID-19. 
Mycolicibacterium is a genus of Gram-positive 
rod-shaped bacteria of the family Mycobacteria-
ceae from the order Mycobacteriales. The family 
Mycobacteriaceae also includes the genus My-
cobacterium, which consists of a wide spectrum 
of environmental and pathogenic bacteria that 
frequently appear in clinics affecting human and 
animal health61. Some Mycobacteria are known 
to cause serious health problems in humans like 
leprosy and pulmonary diseases such as tuber-
culosis62,63. Members of Mycolicibacterium were 
demarcated from the larger genus Mycobacteri-
um in 2018 by Gupta and co-workers61 being part 
of the group named nontuberculous mycobacte-
ria (NTM), which are mycobacteria other than 
Mycobacterium tuberculosis and Mycobacteri-
um leprae. NTM species are spread among five 
genera: Mycobacterium, Mycobacteroides, My-
colicibacillus, Mycolicibacter, and Mycolicibac-
terium61. The incidence and the disease burden 
of NTM infections have increased significantly 
worldwide as a result of changes in demographics 
and advances in radiological diagnosis of pulmo-
nary abnormalities64. NTMs can cause infections 
commonly in the lungs, with the presence of 
symptoms such as cough, shortness of breath, 
fever, weight loss, night sweats, decreased appe-
tite, and fatigue65. Many of these symptoms are 
also present in COVID-19 infections. Therefore, 
COVID-19 patients look like good targets for 
the opportunistic pathogen Mycolicibacterium, 
which would explain its significantly higher pres-
ence in this group compared to the control group. 
So far, studies of Mycolicibacterium in humans 
are mainly represented by case reports66-68. The 
other 15 groups of bacteria were significant-
ly higher in the control group compared with 
the immediate COVID-19 recovery. Like in this 
study, other pilot studies with small numbers of 
COVID-19 patients have also found an altered 
microbiota compared to healthy controls show-
ing enrichment of opportunistic pathogens and, 
at the same time, depletion of salutary bacte-
ria13,42,43,45,69,70.

In our pilot study, we found a high correlation 
between altered microbiota in individuals who 

recovered from COVID-19 and parameters of 
age, weight, and high blood pressure. Although, 
we are aware that this study has several short-
comings, including heterogeneous patient clinical 
history, and gut microbial plasticity in response 
to factors such as diet, age, gender, and sport22,71,72 
(Table IV). Because a homogenous case-con-
trolled cohort with higher representation in each 
disease group is desirable for a proper study, we 
consider that studies like ours need longitudinal 
sampling and large data sets to derive reliable 
patterns. 

Among the statistically different bacteria 
between the patients and the healthy control 
group, we designed 12 specific qPCR primers 
for long-term monitoring of the quantity of these 
specific bacteria in patients post-recovery from 
COVID-19. For this pilot study, we were able 
to perform this immediately post-disease and 
after six months in comparison with the con-
trol group. This study has shown that although 
there are some variations in the quantity of these 
bacteria over time, the frequency has not varied 
significantly among the groups. This could be 
due to persistent gut dysbiosis, which has been 
observed even six months after recovery from 
COVID-1973. Although we think the follow-up 
period of six months permits a good extrapola-
tion of gut microbiota composition to long-term 
persistent symptoms, this can be a prolonged time 
to address questions related to the duration of 
gut microbiota dysbiosis post-recovery, the link 
between microbiota dysbiosis and long-term per-
sistent symptoms, and whether the dysbiosis or 
enrichment/depletion of specific gut microorgan-
isms predisposes recovered individuals to future 
health problems. It is possible that these results 
are due to the small sample size, therefore these 
results should be interpreted carefully. 

A biomarker is defined as a characteristic that 
can be objectively measured and evaluated as 
an indicator of normal biological and pathologi-
cal processes or pharmacological responses to a 
therapeutic intervention74. This study provides a 
new set of specific primers for quantifying cer-
tain bacteria in the context of gut microbiota in 
COVID-19 recovered patients. Especially, Mycol-
icibacterium could be considered a good example 
of a potential biomarker for evaluating the level 
of this opportunistic pathogen although larger co-
hort studies are needed to corroborate the results 
of this pilot study. 

Evaluating the composition of gut microbiota 
in COVID-19 patients compared with healthy in-
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dividuals may have potential value as a diagnos-
tic and/or prognostic biomarker for the disease. 
Stool samples can be acquired easily and non-in-
vasively. Analysis of these samples periodically 
in conjunction with patient records could help 
us understand the human microbiota as a critical 
component and regulator of host immunity to 
individual and population-level recovery. Even 
at the end of the outbreak, molecular tools and 
new therapies for recovery diagnosis and treat-
ment are still needed for patients experiencing 
long-term symptoms and to ensure efficient and 
effective responses to future health challenges. 
In this regard, qPCR using specific primers for 
specific bacteria could be a very useful, cheap, 
and fast method.

Conclusions

Because the symptoms in the long COVID are so 
vague, it is critical to manage and diagnose patients 
earlier and more accurately. Nowadays studies that 
follow patient recoveries from COVID-19 using 
a variety of diagnostic methods to understand the 
progression and regression of symptoms are crucial. 
Despite the fact that most of the long COVID cases 
are medically classified as mild, symptoms like fa-
tigue, joint pain, headache, anxiety, depression, and 
dyspnea result in diminished quality of life. 

Since gut microbiota is malleable and is mod-
ulated by several factors, it is imperative that 
personalized strategies may be implemented as 
a supplement to current routine therapies. This 
can be done by profiling the gut microbiota of 
the individual patients and checking the levels 
of some specific bacteria. Opportunistic patho-
gens could be used as potential biomarkers after 
COVID-19 recovery and/or long COVID to fol-
low the progression of the patients. There is a 
need for more studies in humans to ascertain a 
causal and potential triggering role in inflamma-
tion for specific bacteria like Mycobacterium or 
others and more in-depth metagenomics studies 
are needed to reveal the consistency of the re-
sults of this study. Further studies are needed to 
find clinical evidence that intestinal microbiota 
modulation has a therapeutic role in the treat-
ment of long COVID, being potentially a new 
therapeutic option or at least an adjuvant treat-
ment of choice. Insights from such studies will 
add new dimensions to understanding infectious 
diseases and can help in taking decisive actions 
in the future. 
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