Six-month follow-up of gut
microbiota richness in patients
with COVID-19

We read with great interest the recent
article published in Gut in which Yeoh

et al demonstrated that gut microbiota
composition of recovered patients
with COVID-19 remained significantly
distinct  from uninfected controls.'
Persisting symptoms, also known as
‘long COVID-19’, have been reported
in a significant proportion of patients
following hospital discharge.” ° Gut
dysbiosis might link to long COVID-19
risks." Few studies have focused on
the recovery process of gut microbiota
following SARS-CoV-2 infection.

Here, we conducted a prospective
study to longitudinally monitor alter-
ations of gut microbiota in patients with
COVID-19 using 16S rDNA sequencing
(detailed methods in online supple-
mentary materials). Faecal microbiota
was monitored at three timepoints,
acute phase (from illness onset to viral
clearance), convalescence (from viral
clearance to 2 weeks after hospital
discharge), postconvalescence (6
months after hospital discharge).

The gut microbiota richness, measured
by Chao 1 index, was obviously
lower (p<0.01, Wilcoxon rank-sum
test; figure 1A) in the acute phase of
COVID-19 (median 217, IQR 164-266)
as compared with uninfected controls
(median 432, IQR 332-468). There was
a non-significant increase of the Chao
1 index from the acute phase (median
217, IQR 164-266) to the convales-
cence (median 241, IQR 202-279) and
postconvalescence (median 259, IQR
193-302). A Bray-Curtis based principal
coordinated analysis revealed that the
overall microbial composition of patients
with COVID-19 deviated from the unin-
fected controls (analysis of similarities, R
=-0.20, p=0.001, figure 1B). There was
a tendency of the gut microbiota compo-
sition moving toward the controls from
the acute phase to recovery phase along
the first principal coordinate. Notably,
the species richness as estimated by Chao

222

Gut January 2022 Vol 71 No 1

ybuAdoo Aq paroalold 1senb Ag 20z ‘6T |Hdy uo /wod fwq inby/:duy woly papeojumod TzZ0z [MdY 8 U0 06072€-TZ0Z-UNB/9ETT 0T se paysiignd is1y 1IN


Rectangle

Rectangle

Rectangle

http://gut.bmj.com/

A B C
v e 04 0.4’
fed !
500 : . ¢
— o o® .
H 0.2 0.2, ° L4 o
400 - —_ 0%, , °° o o
i i (] o
T z ; £ £ o 3 °
R So Sal o etelt s
h - ] ; Cees °
: i 02 0.2 ° o
H H [ ]
] H H Chaol
mﬂ Controls oo 20 oo
— @ Acute phase I /. 300
0 04| Qfoneamaimeence 04 13
Controls Acuephase  © o % per 1aaa% o8 o ® per 11.1a% °F 8
Figure 1  Changes of faecal microbial communities in different stages (acute, convalescence, postconvalescence) of patients with COVID-19 (n=30),

compared with uninfected controls (n=30). (A) a-Diversity, illustrated by microbiota richness (Chao 1 index), was reduced in COVID-19 (p<0.01,
Wilcoxon rank-sum test). Boxes represent the 25th—75th percentile of the distribution; the median is shown as a thick line in the middle of the box;
whiskers extend to values with 1.5 times the difference between the 25th and 75th percentiles. ***P<0.001. (B) Principal coordinate analysis (PCoA)
of Bray-Curtis distance analysis demonstrated that the overall microbial composition of patients with COVID-19 deviated from the uninfected controls
(analysis of similarities, R = — 0.201, p=0.001). (C) The same PCoA plot as (B), coloured by a-diversity measured by Chao 1 index.

1 index, can explain the differences along
the first principal coordinate (figure 1C).

The median Chao 1 index in postconvales-
cence was 259. Patients were further divided
into two subgroups according to their Chao
1 index in postconvalescence: low (<259,
n=15) and high (>259, n=15) (table 1).
Patients with reduced postconvalescence
richness had higher level of CRP (p=0.01),
as well as higher occurrence of intensive care
unit admission (p=0.03) and high flow nasal
catheter oxygen therapy therapy (p=0.03)
during the acute phase. In postconvalescence,
low richness was associated with reduced
pulmonary function of forced vital capacity
(p=0.03), forced expiratory volume in the
first 1 s of expiration (p=0.02), inspira-
tory vital capacity (p=0.05) and total lung
capacity (p=0.05).

The present study found that microbiota
richness was not restored to normal levels
after 6-month recovery. Patients with lower
postconvalescence richness showed higher
level of CRP and illness severity during the
acute phase, suggesting close correlations
between inflammatory response and gut
dysbiosis in COVID-19, as illustrated in
previous studies. * Microbial diversity is a
critical determinant of microbial ecosystem
stability.” Stable ecosystems provide colo-
nisation resistance to opportunistic patho-
gens.® Therefore, the persistent reduction of
gut microbiota richness may have long-term
biological influence during the COVID-19
pandemic.” Follow-up studies of 3 months
and 6 months have shown pulmonary func-
tion impairment along with cardiac abnor-
malities in patients with COVID-19.>* The
results here indicated that postconvalescence
patients with lower microbial richness had
worse pulmonary functions. Gut microbiota
is implicated in the pathogenesis of acute

lung injury via several potential mechanisms,
including direct translocation of bacteria
from gut to the lung and immune modulation
effects of microbes related metabolites.” '
Our study corroborates the growing evidence
that gut dysbiosis is associated with the
recovery process of COVID-19. Due to the
relatively small sample size, our results need
to be confirmed in further studies with larger
sample size and more techniques. Targeted
manipulation to promote the microbial diver-
sity could be an important strategy to treat
long COVID-19 and speed up recovery.
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Table 1 Comparison of clinical characteristics between patients with high or low microbial
richness in the recovery phase

All (n=30) Low (n=15) High (n=15) P value
Age, years 53.5 (39.75, 59) 53 (40, 57.5) 53 (37, 59.75) 0.72
Male, n (%) 19 (63.3%) 10 (66.7%) 9 (60%) 0.70
BMI of acute phase, kg/m? 242 (21.6,25.2) 249 (22.3,25.8) 23.8(21.3,25.0) 0.36
BMI of postconvalescence, 24.1(21.1,26.6) 24.7(22.2,27.2) 23.1(21.0,25.3) 0.41
kg/m?
Severe illness during 10 (33.3%) 7 (46.7%) 3 (20.0%) 0.12
hospitalisation, n (%)
White cell count, x10%/L * 5.7 (4.1,8.9) 5.7 (4.3,9.9) 6.5 (4.1, 8.0) 0.79
Haemoglobin, g/L * 138 (128, 149) 146 (128, 152) 137 (129, 141) 0.28
Platelet count, x10°/L * 187 (158, 231) 188 (168, 238) 182 (139, 225) 0.53
Neutrophil count, x107/L * 3.9(2.6,7.1) 43(2.9,8.7) 3.9(2.5,6.7) 0.75
Lymphocyte count, x1 0L*  0.8(0.61.2) 0.7 (0.5,1.2) 0.9(0.6,1.1) 0.59
D-dimer, mg/L * 236 (170, 467) 407 (175, 913) 199 (170, 320) 0.08
CRP, mg/L * 10.8 (5.9, 21.5) 15.4 (10.5, 45.7) 7.5(2.2,11.4)% 0.01
HFNC during hospitalisation 7 (23.3%) 6 (40.0%) 1 (6.7%)+ 0.03
ICU admission 4(13.3%) 4 (26.7%) 0 (0%)% 0.03
Duration from illness onset 6(4,9.7) 6 (4.5,10.5) 6(1.75,7.5) 0.55
to hospital admission, d
Duration of viral shedding 17.5(14,23.7) 18 (14, 22.5) 17.5 (14.5, 26.25) 0.98
in respiratory tract, d
Days of hospitalisation, d 17 (14.2,23.7) 17 (15, 22) 19.5 (13.75, 25.75) 0.65
PFTst
FVC 95.5 (89, 105) 93 (84, 96) 101.5 (94.7, 107.2) 0.03
FEV1 95.5 (86.2, 107) 91 (82.5,97) 103 (90.5, 112)% 0.02
PEF 82 (71.2,101) 77 (71.5, 90) 95.5 (75.2, 101) 0.41
FEV1/FVC ratio 80.25 (74.4, 88.0) 80.7 (76.4, 87.9) 80.25 (73.8, 88.0) 0.84
FEF25%-75% 87.5 (65, 120.2) 87 (69.5, 101) 87 (65, 135) 0.63
MEF 75% 86 (72.7,111) 80 (74.5, 89.5) 104 (77, 111.7) 0.55
MEF 50% 80.5 (70, 102.7) 81 (70, 91) 79.5(71.7,118.7) 0.88
MEF 25% 745 (57.2,114) 74 (50, 100) 73 (58.7,127.2) 0.48
MVV 88 (67.2,103.7) 75 (64, 95.5) 96 (78.7, 109.2) 0.08
DLCO 88.5 (78.5, 95) 86 (78,92) 94.5 (79.5, 99) 0.07
DLCO/VA 73 (67,79.7) 73 (67, 83.5) 73 (68.2,79.2) 0.82
IVC 83.5(77.2,92) 82 (70.5, 86.5) 88.5 (82.5,93.5)% 0.05
TLC 96 (91.2, 105.7) 92 (84.5, 98.5) 98 (96, 106)+ 0.05
RV 120 (106.2, 130.7) 123 (102.5, 130.5) 120 (106.7, 129) 0.90
RV/TLC 124.5(111.2,142.7) 132 (113.5, 150) 120.5 (110.7, 133.5) 0.23
Exercise capacity
Pre-6WMT heart rate 84 (75.7,91) 85 (81.5, 96) 82 (74.5, 86.5) 0.15
Pre-6WMT systolic blood 130.5(116.2,142.7) 133 (114, 156.5) 123 (115.5, 136.2) 0.40
pressure
Pre-6WMT diastolic blood 77.5 (69, 90.7) 71 (66, 99) 71.5(70.5, 86.2) 0.85
pressure
Pre-6WMT O, saturation, % 98(97,99) 98 (98, 99) 98 (97, 99) 0.88
6WMT distance, m 600 (540, 640) 620 (575, 640) 560 (515, 654) 0.77
Post-6WMT heart rate 103.5(98.2,113.7) 106 (100, 115) 101.5 (97.5, 106.75) 0.20
Post-6WMT systolic blood 129 (122, 142.5) 140 (124, 158.5) 127.5(121.2,132.2) 0.06
pressure
Post-6WMT diastolic blood 80 (70.7, 86) 81 (69, 92.5) 78.5(73.7, 84) 0.7
pressure
Post-6WMT O, saturation, 98 (97, 98) 98 (97, 98) 98 (97, 98) 0.71
%
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Table 1 Continued

All (n=30) Low (n=15) High (n=15) P value

The quantitative data are shown as median data and IQR data in brackets.

The occurrence data are shown as no. (%). Values indicate no. of positive results/total no. of patients with available
assay results.

Between-group comparisons of continuous variable in patients with low and high richness were tested by Kruskal-
Wallis test. For categorical variable, 32 test test was used for comparison between groups.

Statistically significance with a p value <0.05 was marked as bold.

*The results of laboratory test in the acute phase were compared, usually the first day after hospital admission.
tPulmonary function tests were expressed as per cent of the predicted value.

A p value <0.05 was denoted as statistically significant.

MEF 25%, mean expiratory flow at 25%; MEF 50%, mean expiratory flow at 50%; MEF 75%, mean expiratory
flow at 75%; BMI, body mass index; CRP, C reactive protein; DLCO, diffusing capacity of the lung for carbon
monoxide; DLCO/VA, diffusing capacity divided by the alveolar volume; FEF25%—75%, forced expiratory flow at
25%-75%; FEV1, forced expiratory volume in the first 1 s of expiration; FVC, forced vital capacity; HFNC, high flow
nasal catheter oxygen therapy; ICU, intensive care unit; IVC, inspiratory vital capacity; MVV, maximal voluntary
ventilation; PEF, peak expiratory flow; PFTs, pulmonary function tests; RV, residual volume; RV/TLC, residual volume
divided by the total lung capacity; TLC, total lung capacity; 6WMT, 6 min walk tests.
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