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The efficacy of probiotics in patients with severe COVID-19
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Background: To examine the incidence of diarrhea in severe and critical coronavirus disease 2019
(COVID-19) patients, and to observe the efficacy and prognosis of probiotic use in such patients.
Methods: A retrospective study was conducted to investigate the symptoms and incidence of diarrhea
in 156 cases of COVID-19 confirmed by the First Affiliated Hospital of Zhengzhou University and the
Xinyang Fifth People’s Hospital, China. A total of 58 cases of severe and critical COVID-19 were identified
and divided into the treatment group or the control group. The control group was given standard treatment
according to the Protocols for Diagnosis and Treatment of COVID-19: Prevention, Control, Diagnosis
and Management. Patients in the treatment group were administered oral probiotics as well as the standard
treatment. The 2 groups were compared in terms of nutritional status (serum albumin), improvement of
diarrhea symptoms, changes in inflammatory condition [procalcitonin (PCT) and C-reactive protein (CRP)],
the time taken to register a negative result for respiratory tract pathogens on the nucleic acid test, and
changes to white blood cell and lymphocyte cell counts.

Results: In this study cohort, diarrhea was detected in 15.38% (24/156) of COVID-19 patients. The
incidence of diarrhea in patients with mild and moderate COVID-19 was approximately 8.16% (8/98), and
the incidence of diarrhea in severe and critically ill patients was approximately 27.59% (16/58). In patients
with severe and critical COVID-19, probiotic treatment obviously shortened the duration of diarrhea.
Furthermore, compared with the control group, patients treated with probiotics showed a significantly
reduced time to achieving a negative nucleic acid test and the inflammation indexes including PCT and CRP
were significantly reduced (P<0.05).

Conclusions: The incidence of diarrhea in severe and critically ill COVID-19 patients was significantly
higher than that in patients with mild and moderate COVID-19. Probiotics may have a good supporting role
in the treatment of patients with COVID-19 and its early application is recommended.
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Introduction viral infection the “new coronavirus pneumonia” (1), and this

is now known as coronavirus disease 2019 (COVID-19) (2).
In December 2019, a number of viral pneumonia cases were By early March 2020, COVID-19 had spread rapidly
identified in Wuhan, in the Hubei province of China. The worldwide and the World Health Organization (WHO)

National Health Commission of China named this novel Director, General Tedros Adhanom Ghebreyesus,
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declared the COVID-19 epidemic had “global pandemic
characteristics” (3). China launched a concerted control,
treatment, and prevention effort with much success.
Interestingly, analysis of the clinical characteristics
of COVID-19 revealed that diarrhea occurred in
approximately 3.8% of cases (4). In fact, diarrhea was
often reported as the first symptom of COVID-19 (5).
Novel coronavirus entry into host cells is mediated by the
interaction between envelope-anchored viral spike proteins
and host receptors [composed of angiotensin converting
enzyme 2 (ACE2)]. Infectivity of the virus depends
primarily on the affinity for binding to the ACE2 receptor.
Studies have shown that ACE2 is highly expressed in the
absorbing cells of the upper esophagus, ileum and colon,
which increases the chance of virus invasion. In addition,
viral infection may cause changes in intestinal permeability,
resulting in malabsorption of intestinal cells (6). A large
number of spectral antibiotics will aggravate the symptoms
of diarrhea. Intestinal flora can affect a variety of respiratory
diseases, including asthma, acute and chronic respiratory
infections, through the enteric-lung axis (7). Studies have
shown that the composition and diversity of intestinal
microorganisms in patients with viral pneumonia have also
changed. Wang ez al. (8) observed a decrease in the number
of intestinal lactobacillus in a mouse model infected with
influenza virus. Groves et al. (9) used the mouse model of
respiratory syncytial virus and influenza virus, and observed
an increase in the number of intestinal bacteroidetes and a
decrease in the abundance of Firmicutes phyla in mice. The
latest novel Coronavirus study shown that novel coronavirus
also affects intestinal flora, with significantly lower bacterial
diversity and significantly increased relative abundance of
opportunistic pathogens in COVID-19 patients compared
to healthy controls (10). Drugs that regulate gut flora
play an important role in the treatment of patients with
COVID-19. Therefore, this current study investigated
the incidence of diarrhea in COVID-19 patients and
determined the therapeutic value of administering
probiotics to COVID-19 patients. A total of 156 patients
with COVID-19 admitted to the First Affiliated Hospital
of Zhengzhou University in Henan or the Xinyang Fifth
People’s Hospital were enrolled in this study. There were
58 cases of severe and critical COVID-19. This study
was conducted to compare the therapeutic efficacy of
probiotic therapy and the Protocols for Diagnosis and
Treatment of COVID-19: Prevention, Control, Diagnosis
and Management. The incidence of diarrhea, as well as the
inflammatory markers lever were analyzed before and after
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probiotic treatment and the therapeutic value of probiotic
treatment for severe COVID-19 patients was evaluated.
We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-3373).

Methods
Patients

A total of 156 patients were enrolled in this study. The
diagnostic criteria of COVID-19 were in accordance
with the Diagnostic Criteria and Clinical Classification
of COVID-19 issued by the Health Committee of China
(7th Edition) (11). All procedures performed in this study
involving human participants were in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the First Affiliated Hospital of Zhengzhou
University (No.: 2020-KY-056). Individual consent for this
retrospective analysis was waived.

The clinical characteristics of the patients and the
incidence of diarrhea were documented. Patients were
randomly divided into a control group and a treatment
group. Patients in the control group were treated according
to the Protocols for Diagnosis and Treatment of COVID-19:
Prevention, Control, Diagnosis and Management. Patients
in the treatment group were administered oral adjuvant
therapy consisting of routine intestinal probiotics in
addition to the standard treatment given to the control
group. Probiotic administration protocol: Bifidobacterium
lactobacillus triplex live tablet (Abbreviation: gold bifidum,
Inner Mongolia Shuangqi Pharmaceutical Co. LTD,
China. National drug approval: $19980004, 0.5 g/tablet.
Each tablet should contain no less than 0.5x10” CFU of
live Bifidobacterium longum; live Lactobacillus bulgaricus
and Streptococcus thermophilus should not be lower than
0.5x10° CFU), 4 pieces at a time, 3 times a day.

Observation indexes

The nutritional status assessed by serum albumin (ALB)
levels; the frequency of diarrhea; the inflammatory status
as assessed by the inflammatory markers procalcitonin
(PCT) and C-reactive protein (CRP); the time required
to achieve a negative result on nucleic acid tests; and
the leukocyte, lymphocyte, and neutrophil counts were
examined in all patients prior to intervention and 1 week
after intervention.
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Table 1 The clinical characteristics of the COVID-19 patients in this study

Severity of disease

Clinical features Number of patients (156 cases)
Mild and moderate (98 cases) Severe and critical (58 cases)
Age
Average age (years) 48.58 46.19 56.32
Age stratification (n, %)
14-49 years old 68 (43.59) 50 (51.02) 18 (31.03)
50-64 years old 58 (37.18) 36 (36.73) 22 (37.93)
Over 65 years old 30 (19.23) 12 (12.24) 18 (31.03)
Gender (n, %)
Male 95 (60.90) 62 (63.27) 33 (56.90)
Female 61 (39.10) 36 (36.73) 25 (43.10)
Symptoms, n (%)
Fever
Temperature stratification
<37.0°C 3(1.92) 3 (3.06) 0 (0.00)
37-38 °C 58 (37.18) 47 (47.96) 11 (18.97)
38.1-39 °C 79 (50.64) 44 (44.90) 35 (60.34)
>39 °C 16 (10.26) 4 (4.08) 12 (20.69)
Cough 125 (80.13) 76 (77.55) 49 (84.48)
Fatigue 144 (92.31) 86 (87.76) 58 (100.00)
Diarrhea 24 (15.38) 8(8.16) 16 (27.59)
Comorbidities, n (%)
Chronic obstructive pulmonary disease 12 (7.69) 2 (2.04) 10 (17.24)
Diabetes 18 (11.54) 3 (3.06) 15 (25.86)
Coronary heart disease 15 (9.62) 5(5.10) 10 (17.24)
Hypertension 31(19.87) 10 (10.20) 21 (36.21)
Other 10 (6.41) 5(5.10) 5(8.62)

COVID-19, coronavirus disease 2019.

Statistical analysis

The SPSS 25 software was used for all statistical analyses.
The #-test was applied for normally distributed quantitative
data and the i’ test was applied to qualitative data. The
nonparametric rank sum test was used to assess data that
did not conform to normal distribution and the significance

level was set to a=0.05.

Results

Patient characteristics

A total of 156 COVID-19 patients were enrolled in
this study, including 98 patients with mild to moderate
COVID-19 and 58 cases of severe to critical COVID-19
(1able 1). The total incidence of diarrhea was approximately
15.38% (24/156). Approximately 8.16% (8/98) of patients
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Table 2 A comparison of the incidence of diarrhea between patients with severe to critical COVID-19 and patients with mild to moderate disease

Diarrhea

Group Chi? value P

Yes (n) No (n)
Mild to moderate 8 90 10.559 <0.05
Severe to critical 16 42
Total (n) 24 132
Table 3 The efficacy of probiotic treatment in patients with severe to critical COVID-19 (n=16)
Group Average value of the duration of diarrhea Standard deviation T value P value
Treatment (n=10) 8.60 2.31 -2.41 0.030
Control (n=6) 11.50 2.35

COVID-19, coronavirus disease 2019.
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Figure 1 The duration of diarrhea in severe and critically ill
patients with COVID-19 who were treated with probiotics.
COVID-19, coronavirus disease 2019.

with mild to moderate COVID-19 experienced diarrhea
compared to a significantly higher incidence of 27.59%
(16/58) in patients with severe to critical disease (P<0.05;
Table 2).

The 58 patients with severe and critical COVID-19 were
treated with the Protocols for Diagnosis and Treatment
of COVID-19: Prevention, Control, Diagnosis and
Management (the control group; n=35), or the Protocols
for Diagnosis and Treatment of COVID-19: Prevention,

Control, Diagnosis and Management together with

© Annals of Palliative Medicine. All rights reserved.

probiotics (the treatment group; n=23).

Duration of diarrbea

Of the 58 patients with severe and critical COVID-19,
16 presented with symptoms of diarrhea. Probiotics was
administered tol0 patients (the probiotics group) and
the remaining 6 patients were only given the Protocols
for Diagnosis and Treatment of COVID-19: Prevention,
Control, Diagnosis and Management (the control group).
The duration of diarrhea in the probiotics group was
significantly shorter than that in the control group (P<0.05;
Table 3; Figure 1). The patient's diarrhea was effectively
controlled.

Laboratory indicators

Patient laboratory indexes were assessed before therapy and
one after week standard COVID-19 treatment protocols
and/or probiotic treatment. The levels of the inflammatory
markers PCT and CRP were significantly lower in the
treatment group compared to the control group (P<0.05).
The plasma albumin levels and lymphocyte counts were
significantly higher in patients treated with probiotics
compared to patients in the control group (P<0.05). The
time to achieving a negative nucleic acid test result was
significantly shorter than that of the control group (P<0.05).
There were no significant differences in the white blood
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Table 4 Laboratory indexes in severe COVID-19 patients treated with or without probiotics (Non-normal distribution data)

Detection index Group Median Maximum value Minimum value P value

PCT Probiotics 1.07 9.17 -0.07 0.004
Control 0.23 5.06 —-0.36

Difference in WBC Probiotics 1.97 8.04 -4.02 0.137
Control 2.90 5.15 -4.52

Difference in ALB Probiotics 4.80 12.30 -1.20 0.032
Control 2.90 8.50 -11.00

CRP Probiotics 39.10 291.06 3.21 0.000
Control 16.17 100.20 0.95

n=23 for the treatment group; n=35 for the control group. COVID-19, coronavirus disease 2019; PCT, procalcitonin; WBC, white blood cell;

ALB, albumin; CRP, C-reactive protein.

Table 5 Changes in the laboratory indexes in the treatment group and the control group (normal distribution data)

Detection Index Group Average value Standard deviation T value P value

Difference in neutrophil count Treatment 0.70 0.58 2.40 0.320
Control 10.58 8.99

Nucleic acid negative time Treatment 12.91 0.90 -2.79 0.007
Control 16.57 0.88

Difference in lymphocyte count Treatment 0.15 0.14 2.64 0.011
Control 0.55 0.08

n=23 for the treatment group; n=35 for the control group.

cell count nor the neutrophil count between the two groups
(P>0.05; Tables 4,5).

Discussion

Normal intestinal microflora consists of thousands of
bacteria that naturally colonized the gastrointestinal tract (12)
and these play an important role in maintaining good
health. Intestinal microflora can regulate the immune
response of the body, competitively inhibit the colonization
of pathogenic bacteria, produce immune tolerance to
symbiotic bacteria, maintain the stability of the intestinal
environment, and decompose and synthesize nutrients for
absorption and utilization by the body (13). The structural
components of gastrointestinal bacteria, as well as their
metabolites, can enter the circulatory system and affect
the environment outside the intestine. For example, the
cell wall components of gram-negative bacteria, as well
as lipopolysaccharides (LPS) and bacterial metabolite
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short chain fatty acids, can exert regulatory effects on the
immune system (9,14). Studies have shown that Lactobacillus
acidophilus L-92, L. rbammophilus GG, and other probiotics
can enhance the body’s immune and antiviral response
(15,16). Probiotics can inhibit the growth of harmful
bacteria by maintaining a weak acid environment in the
gut, exerting antibacterial, anti-inflammatory, and even
anti-tumor effects. Indeed, the current study found that
the lymphocyte count in patients treated with probiotics
was significantly higher than that in the control group.
However, there was no significant difference in the
neutrophil count between the two groups, suggesting that
the probiotics had some effect on improving the lymphatic
function of patients, but had no correlation with the
function of neutrophils.

In this study, 156 confirmed cases of COVID-19 were
diagnosed and the overall incidence of diarrhea was 15.38%
(24/156). The incidence of diarrhea in severe to critically-
ill patients was significantly higher than that in patients
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with mild to moderate disease (8.16% vs. 27.59%). The
incidence of diarrhea is higher in patients. It is possible that
diarrhea may not only be caused by the actual coronavirus
infection, but also by the side effects of antiviral drugs or
the use of high doses of hormones and antibiotics during
treatment.

Previous studies have demonstrated that the acute
exacerbation of COVID-19 patients is more related to
the “inflammatory storm” caused by COVID-19 infection
(17-19). In our study cohort, administration of probiotics
to patients with severe COVID-19 significantly reduced
the duration of diarrhea and improved the nutritional status
compared to control patients. Furthermore, the time to
achieving a negative nucleic acid test result was significantly
shorter than that of the control group. Probiotic treatment
also reduced the inflammatory indexes PCT and CRP
significantly compared to the control group. These results
suggested that administration of probiotics to patients with
severe COVID-19 can effectively reduce the inflammatory
reaction, shorten the time of nucleic acid conversion, and
improve the prognosis of patients.
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