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Abstract
Background Until 24:00 of April 26th 2020, 2,918,268 laboratory-con�rmed cases of Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) infection have been reported worldwide, including
203,528 deaths. Bacterial infection is the main cause of sepsis, however, sepsis caused by virus is often
ignored. Increased awareness, early recognition of viral sepsis, rapid administration of appropriate
antiviral drugs, and urgent treatment can signi�cantly reduce deaths of viral sepsis.

Objectives Given the rapid global spread of novel Corona Virus Disease (COVID-19), coupled with the high
rate of missed diagnosis of viral sepsis caused by SARS-CoV-2 infection, it is urgent to evaluate the
multiple organ failure score and viral sepsis in COVID-19 patients, so as to determine the clinical
characteristics of viral sepsis more accurately and reveal the risk factors related to mortality.

Methods Here we provide a full description of three cases of viral sepsis and subsequent multiple organ
dysfunction (MODS) caused by SARS-CoV-2 infection imported to Guiyang from Wuhan.

Results Complete laboratory examination, imaging data and treatment methods for the patients are
analyzed. Sepsis-related Organ Failure Assessment score (SOFA score) and Multiple organ dysfunction
scores (MOD score) were daily assessed, aim to elucidate the clinical feature of viral sepsis and MODS
and to attract enough attention by clinicians.

Conclusions Therefore, we strongly suggest to daily evaluate SOFA score and MOD score in severe and
critically-ill COVID-19 patients, so as to early diagnose and prevention of sepsis and MODS.

Introduction
A novel Corona Virus Disease (COVID-19) caused by Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) has occurred in Wuhan, Hubei, China since December 2019 [1]. SARS-CoV-2 virus is a novel
beta coronavirus based on gene sequencing [2]. By April 26th 2020, there are 2,918,268 laboratory or
clinical con�rmed cases in more than 100 countries, 203,528 people have lost their lives. Compared with
the 10% death rate of SARS-CoV [3] and 37% death rate of MERS-CoV [4], SARS-CoV-2 has a lower death
rate of 2% in China [5]. More and more evidences show that COVID-19 spreads from person to person in
hospital and family settings [6–8], the WHO had announced that COVID-19 was a global pandemic. The
main clinical symptoms of COVID-19 patients are fever, cough, fatigue or myalgia, sputum production,
headache, diarrhea and haemoptysis were less common symptoms. About 50% patients developed
dyspnea, among which one third were admitted to ICU [9]. while the severe patients often have dyspnea
after one week, which rapidly progress to acute respiratory distress syndrome (ARDS), sepsis and multiple
organ dysfunction (MODS) [10].

Sepsis is de�ned as life-threatening organ dysfunction caused by a dysregulated host response to
infection [11]. Sepsis can be caused by a variety of pathogens. Bacterial infection is the main cause of
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sepsis. However, as high as 42% of sepsis patients showed culture negative, suggesting a non-bacterial
cause [12]. Although almost any virus can lead to sepsis in susceptible patients, the clinical diagnosis of
viral sepsis is very rare. Increased awareness, early recognition of viral sepsis, rapid administration of
appropriate antiviral drugs, and urgent treatment can signi�cantly reduce deaths of viral sepsis [13].

Given the rapid global spread of COVID-19, coupled with the high rate of missed diagnosis of viral sepsis
caused by SARS-CoV-2, it is urgent to evaluate viral sepsis and multiple organ failure score in COVID-19
patients, so as to determine the clinical characteristics of viral sepsis more accurately and reveal the risk
factors related to mortality. In our study, we collected �fteen con�rmed cases of COVID-19 caused by
SARS-CoV-2 infection imported to Guiyang from Wuhan, among which, three cases (20%) were severe or
critically-ill patients with viral sepsis. We provided a full description of laboratory examinations, imaging
data and treatment methods of the patients, aim to attract enough attention by clinicians and provide
treatment experience of viral sepsis.

Methods

Patient and procedures
Fifteen patients were admitted to the A�liated Hospital of Guizhou Medical University and Renmin
Hospital of Guizhou province. They were con�rmed to be infected with SARS-CoV-2 by Guizhou Center for
Disease Control and Prevention (CDC). The study was performed in accordance with guidelines approved
by the Ethics Committees from the A�liated Hospital of Guizhou Medical University and Renmin Hospital
of Guizhou province, and verbal informed consents were obtained from all patients or patients’ family
members.

Data Collection
Laboratory test were collected upon hospitalization, including blood gas analysis (arterial oxygen
pressure / oxygen index, PO2 / FiO2), standard blood counts (white blood cells, lymphocytes, platelet),
blood biochemistry (bilirubin, creatinine, electrolyte and etc.), coagulation function (prothrombin time,
�brinogen), procalcitonin, C-reactive protein, erythrocyte sedimentation rate, and myocardial enzyme
spectrum (Creatine kinase, creatine kinase isoenzyme and etc.). To determine the percentage of
peripheral T cells positive for CD4 or CD8, �ow cytometry was used in the detection. Additional data
collected included Glasgow coma scale score, computed tomographic (CT) scans and treatment
regimens.

Evaluation Of Sepsis And Mods
Sepsis is de�ned as an acute change in total Sepsis-related Organ Failure Assessment (SOFA) score
greater than or equal to 2 points consequent to the infection. Septic shock is identi�ed by persisting
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hypotension requiring vasopressors to maintain mean arterial pressure (MAP) above 65 mmHg and
serum lactate level > 2 mmol/L despite adequate volume resuscitation [11]. MOD scores are evaluated
each hospitalization day. Brie�y, pulmonary, renal, hepatic, neurologic, cardiac and hematologic were
scored from 0 to 4 every day. The Marshall score ranged from 0 to 4 and the total score from 0 to 24 (six
organs). Failure of organ function was considered as three or more points longer than two consecutive
days [14].

Results

General information and imaging examinations
Fifteen patients were all diagnosed as COVID-19 as detected of SARS-CoV-2 virus nucleic acid by RT-PCR.
All patients had lived, traveled to Wuhan city or had contacted with others came back from Wuhan.
Among the �fteen patients, three were severe or critically-ill patients (20.0%). Case 01 was a 83 years old
man who had basic diseases including hypertension, chronic obstructive pulmonary disease (COPD) and
tuberculous pleurisy. He returned to Guiyang from Wuhan by air on Jan. 21st and was admitted on Feb.
7th after showing the initial symptoms of fever and fatigue. The patient was cured and discharged on
Feb 24th. Case 02 was a 61-year-old woman with type 2 diabetes and hypertension. She was admitted
with cough, fever and diarrhea as the initial symptom after contacting her sister who returned to Guiyang
from Wuhan on Jan. 23rd. The patient was cured and discharged on Feb 24th. Case 03 was a 33-year-old
man without basic disease. He came to Guiyang from Wuhan on Jan. 15th by air and was admitted with
cough, fever, asthenia, body ache, shortness of breath and dyspnea as the initial symptom on Jan. 21st.
He was admitted to a county-level hospital on Jan. 22nd. Due to the aggravation of dyspnea and the
decrease of oxygenation, the patient was transferred to the A�liated Hospital of Guizhou Medical
University on Jan. 31st for further treatment. The patient died on Feb. 5th, due to respiratory failure and
septic shock. Imaging examinations of all 3 cases showed typical features of viral pneumonia. CT scan
of Case 01 and Case 02 were obtained on 2nd day and 14th day post admission, Case 03 only had a
bedside chest radiograph (Fig. 1).

Treatment Regimen
All patients were given mask oxygen inhalation and ventilator to assist breathing immediately after
admission to improve the situation of hypoxia. Abidol hydrochloride tablets, interferon alfa-2b, ribavirin,
Lianhuaqingwen combined with lopinavir plus ritonavir or chloroquine phosphate were given as antiviral
therapy. Thymalfasin and γ-immunoglobulin were administered to enhance immunity.
Methylprednisolone and Xuebijing was intravenously dripped based on disease severity to suppress
cytokine storm according to the the �fth edition guidelines for new coronavirus pneumonia. Meanwhile,
empirical antibiotic agents were applied to prevent secondary bacterial and fungal infections. Case 03
was given adjusted dose of heparin to maintain activated clotting time (ACT) of whole blood at about
200 s because the use of extracorporeal membrane oxygenation (ECMO). In addition, on 3rd day of
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admission, low doses of norepinephrine was intermittently used to maintain circulatory stability, and
therapeutic plasma exchange was performed twice to remove in�ammatory factors caused by cytokine
storm. On the 5th day of admission, ultrasound showed massive hemorrhage in the left chest of the
patient. Thus heparin were stopped and leukocyte-removing red blood cells, fresh frozen plasma,
cryoprecipitated coagulation factors, platelets and recombinant activated factor VIIa were given to
improve coagulation status.

Sofa Scores And Sepsis
A SOFA score of 2 or above identi�ed a 2- to 25-fold increased risk of death compared with a SOFA score
less than 2 [15]. All the three patients met the criteria of sepsis with SOFA scores over or equal to 2. Case
01 and Case 02 were two severe cases of COVID-19. The number of days in hospital for Case 01 is 17
days, among which 12 days had a SOFA score greater than or equal to 2 points (70.5%). The number of
days in hospital for Case 02 was 25 days, of which 18 days had a SOFA score greater than or equal to 2
points (72.0%). Case 03 was a critical-ill case of COVID-19, his daily SOFA score was all above or equal to
5. During the last four days post admission, the SOFA score had increased to 9 (Fig. 2) and septic shock
was diagnosed because of persisting hypotension requiring vasopressors to maintain MAP > 65 mmHg
and having a serum lactate level > 2 mmol/L despite adequate volume resuscitation. The patient began to
use ECMO to provide extracorporeal respiration on the �rst day of admission. From the 3rd to 5th day
post admission, 0.1 ug/kg noradrenaline was given to maintain blood pressure. The concentration of
lactate in peripheral blood was 3.0 mmol/L. On the 6th day post admission, the PaO2/FiO2 was lower
than 100 mmHg even when treated with ventilator. 3.0ug/kg noradrenaline was given while the MAP was
still lower than 65 mmHg, the patient eventually died of septic shock and MODS.

Multiple Organ Dysfunction Scores
Marshall MOD score above or equal to 4 represented marked functional dysfunction and an mortality rate
of more than equal to 50% [16]. Data were collected daily to calculate three patients’ MOD score. Among
the 17-admission-days of Case 01, the MOD scores did not exceed 2. On the 5th and 6th days post
admission, the MOD score was 2 (1 score for bilirubin and 1 score for creatinine) (Fig. 3). From the 11th
to 19th days post admission, the MOD score of Case 02 was 4 (3 score for PaO2/FiO2 and 1 score for
bilirubin). When the patient was discharged on 25th day post admission, the MOD score was reduced to 0
(Fig. 3). Case 03 was a critical-ill case of COVID-19, the MOD score of the �st two days post admission
was 5 (3 score for PaO2/FiO2 and 1 score for creatinine). From the 3rd to 5th days post admission, the
MOD score increased to 7 (3 score for PaO2/FiO2, 1 score for creatinine and 2 scores for CNS Glasgow
Coma Scale). At 12:40 pm on 5th day post admission of Case 03, the patient had a sudden increase of
heart rate, decrease of blood pressure, progressive decrease of hemoglobin. After dilatation and
transfusion, 0.3ug/kg noradrenaline was given. Bedside ultrasound indicated that there was a large
amount of blood in the left thorax. Diagnostic puncture drew out red non coagulation, immediately
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stopped ECMO heparinization treatment and pressurized blood transfusion. Coagulation test showed that
thrombin time (TT) and activated partial thromboplastin time (APTT) were signi�cantly prolonged (TT:
240 s, APTT: 206.3 s). At 1:30am on the 6th day post admission, the blood pressure and heart rate
decreased gradually. After rescue, chest compression and intravenous injection of noradrenaline,
unfortunately, the patient died on the 6th day post admission (16 days after initial symptoms) with
coagulation, respiratory, circulatory and renal dysfunction.

Analysis Of Immune Cell Populations
Patients who died of COVID-19 had signi�cantly reduced lung immune cells and reduced peripheral blood
lymphocytes. Meanwhile, lymphocytes are over-activated because of the increase in highly pro-
in�ammatory CCR4 + CCR6 + Th17 cells [5]. The number of peripheral blood lymphocytes was
signi�cantly lower in severe patients when admitted to the hospital than mild patients. The T cells and
CD4 + T cell subsets of severe patients continued to decrease compared to mild patients [17]. Consistent
with these studies, the percentage of peripheral blood T lymphocytes all decreased in three patients post
admission. For Case 01 and Case 02, the percentage of CD3 + T lymphocyte was 64.24% and 55.8% for
the 7th day post admission, a slightly lower than normal reference range (65%-75%). The percentage of
CD3 + CD8 + suppressor T cells was 27.58% and 14.78% (normal reference range 20%-30%), that of CD3 
+ CD4 + helper T cells was 27.58% and 47.65% (normal reference range 35%-55%). The percentage of
CD3 + T lymphocyte of Case 03 was signi�cantly decreased to 35.68% on the �rst day of admission. The
percentage of suppressor T cells and helper T cells were 18.48% and 16.91% on the �rst day of
admission, much lower than normal reference range. However, the percentage of B cells all increased to
19.30%, 26.35% and 29.66% for three patients (normal reference range 5.9%-19.2%).

Discussion
Although there have big progress in the research of sepsis recent years, sepsis is still one of the leading
cause of death in intensive care units (ICU) [18–19]. Bacterial infections represent the majority of sepsis
cases. Sepsis caused by virus is often ignored [20]. At present, the viral sepsis caused by SARS-CoV-2
virus has a relatively high risk of sepsis and multiple organ failure [21]. Moreover, research data showed
that, severe COVID-19 patients often combined with bacterial or fungal infection. Many patients have
organ dysfunction, 4% of them have septic shock [10]. Given the rapid global spread of COVID-19, coupled
with the high rate of missed diagnosis of SARS-CoV-2 induced viral sepsis, it is urgent to evaluate the
SOFA score of sepsis and multiple organ failure score in COVID-19 patients, so as to determine the
clinical characteristics of viral sepsis more accurately and reveal the risk factors related to mortality.

According to Huang et al. [9], 13 out 41 COVID-19 patients (31.7%) were admitted to ICU. In our study, 3
out of 15 COVID-19 patients (20%) eventually developed sepsis and / or MODS and were admitted to ICU.
Case 01 was diagnosed as sepsis for a SOFA score more than 2 in 12 admission days. Case 02 was
diagnosed as sepsis and MODS, because of both respiratory and liver dysfunction for 9 days during the
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admission. Case 03 was a critically ill patients, diagnosed with septic shook and MODS. This patient died
of multiple organ dysfunction, including coagulation, respiratory, circulatory and renal dysfunctions.

According to the anatomy results of COVID-19 patients, �ow cytometry revealed a decrease in the number
of CD4 + and CD8 + T lymphocytes, but lymphocytes were over-activated, as evidenced by the higher
double-positive ratio of HLA-DR (CD4: 3.47%) and CD38 (CD8: 39.4%) [10]. In addition, pro-in�ammatory
CCR4 + CCR6 + Th17 cells are increased. The results show that the increase of Th17 and the high
cytotoxicity of CD8 + T cells as the major cause of severe immune damage in patients with T cell over-
activation. Consistent with these studies, the percentage of peripheral blood T lymphocytes all decreased
in three patients of our study. Moreover, The percentage of CD3 + CD8 + suppressor T cells and CD3 + 
CD4 + helper T cells was all signi�cantly decreased. The decrease of immune cells and the non-response
of immune cells are closely related to the rapid deterioration of multiple organ failure, which is consistent
with the characteristics of sepsis immuno-suppression, indicating that SARS-CoV-2 viral sepsis patients
might have immuno-suppression.

A considerable proportion of COVID-19 patients developed multiple organ dysfunction. ICU becomes the
main department for the treatment of severe and critically-ill patients. Specialized scienti�c monitoring,
life support and treatment of ICU will be an important measure to reduce mortality. However, in COVID-19
epidemic area, a large number of critically ill patients resulted in ICU overcrowding and medical staff
overloading. After the epidemic, many countries need to reconsider the expansion and increasing the fund
of ICU in public hospitals. In the months after hospital discharge for sepsis, management should focus
on (1) identifying COVID-19 caused physical, mental and cognitive problems and referring for appropriate
intervening, (2) reviewing and adjusting long-term medications, and (3) long term evaluation of patients'
immune status to avoid re-infection [22].

Conclusion
Taken together, we provided full descriptions of three cases of viral sepsis / septic shock and subsequent
MODS caused by SARS-CoV-2 infection. We strongly suggest to daily evaluate SOFA score and MOD
score in severe and critically-ill COVID-19 patients,so as to early diagnose and prevention of sepsis and
MODS.
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Figure 1

Chest CTs and x-rays of three patients Case 01: Chest CTs was obtained on 2nd and 14th day post
admission. CT �ndings of Case 01 obtained on 2nd day post admission showed multiple mottling and
groundglass opacities (GGO) in bilateral lungs, predominantly involving right lobes. Septal thickening and
extensive consolidation in the right middle and lower lobes presented a "paving stone like" reticulation
(1A). Chest CT images for 14th day post admission showed improved status with bilateral ground-glass
opacity, whereas partial consolidation had been resolved (1B). Case 02: Chest CTs was obtained on 2nd
and 14th day post admission. CT scan of Case 02 obtained on 2nd day post admission showed mixed
multifocus GGO and consolidation in basal segment of right lower lobe, and GGO with minimal
reticulation in right middle lobe (1C). CT scan for 14th day post admission showed healing of the
consolidation and GGO, remaining linear opacities (1D). Case 03: Chest x-rays was obtained on the �rst
day post admission. The brightness of both lungs was diffusely decreased and extensive patchy
shadows were observed, edges were blurred and the heart shadow enlarged slightly. Right diaphragmatic
surface was light and smooth, costal diaphragmatic angle was sharp, while left diaphragmatic surface
and costal diaphragmatic angle blunted (1E and 1F).
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Figure 2

Daily SOFA scores of three patients during admission

Figure 3

Daily MOD scores of three patients during admission


