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Abstract. The outbreak of coronavirus disease 2019 
(COVID‑19) caused by severe acute respiratory syndrome 

coronavirus 2 (SARS‑CoV‑2) has spread worldwide and has 
become a public health emergency, principally due to the 
severe inflammatory response and cytokine storm, as well as 
the deficiency of specific vaccines and antiviral drugs. Despite 
the fact that mesenchymal stem cells (MSCs) are acknowl‑
edged to possess unique immunomodulatory capabilities and 
have promising prospects in regenerative medicine, the effi‑
cacy of the use of MSCs on critically ill elderly patients with 
COVID‑19 is largely obscure. In the present study, a 75‑year‑old 
male patient critically ill with COVID‑19 was enrolled with 
multiple concomitant diseases, including hypertension (for 
>10 years), diabetes and coronary heart disease (for >1 year). 
Systemic infusions of 5x107 human umbilical cord‑derived 
mesenchymal stem/stromal cells (hUC‑MSCs) were accom‑
plished through intravenous injection every 3 days for 3 times 
following the consents of the patient and the relevant ethics 
committee. The clinical and functional outcomes, including 
general symptoms, vital signs, hemogram, chest radiography 
and the disease score, together with inflammatory factors 
and SARS‑CoV‑2 nucleic acid detection, were observed and 
dynamically recorded for 1 month. With the aid of hUC‑MSC 
administration, the severe COVID‑19‑associated symptoms 
of the elderly patient, and in particular, pneumonia and the 
cytokine storm were continuously ameliorated. Moreover, the 
outcomes of multiple concomitant diseases were improved, 
whereas no deterioration and secondary infections, such as 
fever and allergic reaction were observed. The present study 
thus indicated that hUC‑MSC administration can amelio‑
rate the outcomes of patients with COVID‑19. This type of 
treatment may prove to be an ideal alternative option for the 
treatment of patients with COVID‑19, even for critically ill 
elderly patients with multisystemic complications.
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Introduction

Since the first report of pneumonia due to infection with 
the novel severe acute respiratory syndrome coronavirus 2 
(SARS‑CoV‑2) in Wuhan, China, namely infection with coro‑
navirus disease 2019 (COVID‑19), the ongoing outbreak of the 
virus has rapidly spread worldwide and has become a public 
health emergency (1‑3). To date, >26.7 million individuals in 
>100 hundred countries and regions were identified to have 
been infected with SARS‑CoV‑2, according to the COVID‑19 
dashboard by Johns Hopkins University. Of these, elderly 
patients are inclined to suffer from more severe symptoms and 
a higher intensive care unit (ICU) admission rate than other 
subpopulations (4,5). Generally, patients with COVID‑19 
infection exhibit clinical features, including fever and sputum, 
paroxysmal cough, gastrorrhagia, pneumothorax, shortness of 
breath, a low oxygen saturation, ground‑glass opacity, pneu‑
monia infiltration and in particular, critically ill patients exhibit 
what is known as the cytokine storm, the dysregulation of 
immunocytes and multiple concomitant symptoms commonly 
resulting in worse outcomes and a higher mortality rate (3,5,6).

State‑of‑the‑art updates on clinical grade vaccines and anti‑
viral drugs for COVID‑19 treatment are promising, but are not 
yet forthcoming (7‑9). For instance, recent studies have revealed 
the involvement and ultrastructure of angiotensin I converting 
enzyme 2 receptor (ACE2) in mediating SARS‑CoV‑2 infection, 
which has been demonstrated as the primary cell attachment 
molecule for SARS‑CoV‑2, and holds promise for exploring the 
pathogenesis and drug development (9‑14). Moreover, compre‑
hensive treatments have been developed in clinical trials to 
prevent and reverse the cytokine storm and pulmonary injury 
caused by SARS‑CoV‑2, including spectrum antibiotics, antiviral 
drugs, anti‑inflammatory corticosteroids, Chinese medicine, 
cytotherapy, immunotherapeutics and supportive therapeu‑
tics (7,9,14‑18). However, as for elderly patients critically ill with 
COVID‑19, particularly those with multiple concomitant diseases, 
the efficacy is far from satisfactory due to the hypoimmunity and 
multiple organ failure, as well as the potentially controversial and 
severe side‑effects; thus, the development of safe and effective 
treatment strategies if a matter of urgency (7,18,19).

Mesenchymal stem/stromal cells (MSCs) possess advan‑
taged immunomodulatory and hematopoietic‑supporting 
properties, together with a multi‑lineage differentiation poten‑
tial; they have been identified from numerous tissues and hold 
great promise for use in regenerative medicine (20‑23). 
Generally, the therapeutic effects of MSCs, include immuno‑
regulation and tissue repair, mainly through direct‑ or 
trans‑differentiation, in an autocrine and paracrine manner, as 
well as by supplying the microenvironment and homing 
methods (24‑28). For decades, low‑immunogenic MSCs have 
been shown to be safe and preferable for use in the manage‑
ment of recurrent and refractory diseases, such as spinal injury, 
type 2 diabetes, graft‑vs.‑host disease (GVHD), autoimmune 
diseases and hematological malignancies, as well as for severe 
influenza H5N1 caused by acute respiratory distress syndrome 
(ARDS) (20,24,29‑31). Recently, Leng et al and Wang et al 
reported the exploration of adult tissue‑derived MSCs upon 
7 mild and severe patients and revealed a favorable prog‑
nosis (14,32). According to the ClinicalTrials.gov of NIH, a 
total number of 10 clinical trials focusing on MSC‑based 

COVID‑19 treatment from China, France, Brazil and Jordan 
(https://clinicaltrials.gov/ct2/results?cond=Covid19&term=me
senchymal+stem+cells&cntry=&state=&city=&dist=) have 
been newly registered among the 1,074 clinical trials upon 
MSCs (https://clinicaltrials.gov/ct2/results?cond=&term=mes
enchymal+stem+cells&cntry=&state=&city=&dist=), which 
indicate the expectations of clinicians upon MSC‑based cyto‑
therapy for ameliorating the outcomes of patients with 
COVID‑19; however, the unequivocal clinical efficacy remains 
to be determined.

In the present study, an elderly patient critically ill with 
COVID‑19 with multiple concomitant diseases was enrolled, 
and a systemic human umbilical cord‑derived mesenchymal 
stem/stromal cell (hUC‑MSC) transplantation pilot study was 
conducted following the informed consent of the patient and the 
Ethics Committee of the Affiliated Hospital of Zunyi Medical 
University. Following the administration of hUC‑MSCs for 
3 times, the clinical symptoms and physical assessments were 
effectively ameliorated and non‑adverse effects were observed 
during cytotherapy.

Case report

General information of the patient with COVID‑19. The enrolled 
75‑year‑old male patient (body weight, 50 kg), with multiple 
comorbidities, including hypertension (for >10 years), diabetes 
(for >1 year), and coronary heart disease with auricular fibrilla‑
tion (for >1 year), was first diagnosed at the local county people's 
hospital on January 29, 2020 due to the feeling of limb weakness 
for 3 days (Table SI). As described, despite without the history of 
offsite residence or exotic traveling, he had a history of contact 
with individuals from the infective spot. On January 31, 2020, 
the patient was in a critical condition and was transferred to 
the Affiliated Hospital of Zunyi Medical University for further 
diagnosis and treatment (Fig. 1 and Table SI).

The patient was confirmed to have been infected with 
COVID‑19 based on the positive results of SARS‑CoV‑2 
nucleic acid analysis in the lixivium of nasopharyngeal swab, 
together with the typical and multiple ground‑glass opacity 
of exudative lesions in both lungs (Fig. 2A and Data S1). 
According to the systemic examination, the patient exhibited 
the following physical signs: A low fever (37.6˚C); pulse (P), 
54 beats per minute (bpm); respiration (R), 45 bpm; blood 
pressure (BP), 136/79 mmHg; oxygen saturation (SpO2), 
95‑98%; non‑invasive ventilator‑assisted breathing (NIV); 
fraction of inspired O2 (FiO2), 70‑80%; oxygenation index (OI), 
92.95 mmHg (Table SI). The patient was conscious and listless, 
exhibited an acute appearance and emaciated body, together 
with arrhythmia and atrial fibrillation (Fig. 1A). Although there 
were no abnormalities, such as cyanosis, tracheal deviation and 
symmetrical thorax, thick breathing sounds, as well as moist 
rales could be heard in both lungs. With the aid of a blood 
routine detector for auxiliary examination, it was found that the 
patient had a decreased content of white blood cells (WBCs; 
3.76x109/l) and lymphocytes (LYMPH, 0.03%) (Table SI).

Traditionally comprehensive treatment not effective for the 
patient. On the basis of the abovementioned information, 
the hospital specialist group came to the following conclusion: 
The patient was a critically ill with COVID‑19 with severe 
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ARDS; the patient also suffered from multiple organ dysfunction 
syndrome (MODS) for respiratory, kidney and liver function; 
coronary atherosclerotic heart disease with auricular fibrillation; 
and type 2 diabetes. Thereafter, the critically ill patient with 
COVID‑19 with comorbidities was administered to the the inten‑
sive care unit (ICU) for monitoring electrocardiogram (ECG), 
blood oxygen saturation and dynamic blood pressure and 
NIV. Moreover, according to the guidance of National Health 
Commission (NHC) of China, comprehensive treatment was 
conducted on the patient, including anti‑viral and anti‑infection, 
immune enhancement, hypoglycemic management and nutrition 
therapy, as well as pharmacotherapy, such as lopinavir/ritonavir, 
ribavirin, recombinant human interferon α2b (hIL‑α2b) and 
abidor (Fig. 1B). On February 2, 2020, the patient was adminis‑
tered tracheal intubation followed by tracheotomy (the following 
day) for invasive breathing (IV) supportive therapy, and numerous 
pink frothy sputa were visible. However, even though following a 
30‑day period of positive support care and symptomatic therapy, 
the enrolled patient was not able to be removed ventilator support 
due to the poor absorption of infiltration shadow in the lungs 
(Figs. 1B, and 2B and C, and Table SI).

hUC‑MSC administration and safety outcomes. Considering 
the persistent poor prognosis of rehabilitative treatment and 
the shortfall of substantial improvement of the patient, the 
hospital specialist group unanimously gave the consulta‑
tion for the application for MSC‑based cytotherapy, which 
was subsequently approved by the patient and by the Ethics 
Committee of the Affiliated Hospital of Zunyi Medical 
University (Figs. 1, 2C and D).

Having taken into sufficient consideration the potential 
untoward effects and following the meticulous arrangement 
of emergency measures, the patient was subjected to the 
intravenous delivery of clinical‑grade hUC‑MSCs on 
February 28, March 2 and March 5, respectively (Fig. 1B). 
In total, 5x107 hUC‑MSCs (Jiangxi Health‑Biotech Stem Cell 
Technology Co. Ltd, product lot no. 202002JF07, 202003JF02 
and 202002JF05) in 100 ml saline were infused into the body 
of the patient through a blood transfusion needle at a certain 
rate of 40 drops per min. Within 24 h after the transfusion 
process, no acute untoward effects, such as infusion‑associated 
and allergic reactions (e.g., instantaneous low fever, polypnea 
or slight trembling) were observed in the patient. Furthermore, 

Figure 1. The dynamic symptoms and treatment of the patient critically ill with COVID‑19. (A) The dynamic symptoms of the patient critically ill with 
COVID‑19 according to the day of illness, from January 31 to April 16, 2020. (B) Treatment of the critically ill COVID‑19 patient according to day of illness, 
January 31 to April 16, 2020. 
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no secondary infection, delayed hypersensitivity or life‑threat‑
ening events occurred in the following 30 days of observation. 
Furthermore, accompanied by the upregulation of immuno‑
globulin, the clinical parameters, chest radiography and a 
SARS‑CoV‑2 nucleic acid test, as well as the aforementioned 
comprehensive treatment, including antibiotics, antiviral 

drugs and respiratory support by the breathing machine, were 
recorded (Fig. 2E and F). The symptoms observed prior to 
hUC‑MSC administration, such as fatigue and listlessness, low 
oxygen saturation and an acute appearance disappeared, and 
arrhythmia and atrial fibrillation in the patient were improved 
to a certain extent as well (Table SI).

Figure 2. The dynamic chest radiographs during traditionally comprehensive treatment and hUC‑MSC administration. (A‑C) The dynamic chest X‑ray images 
of the patient on (A) January 30, (B) February 13 and (C) February 20, 2020. The streaky ground‑glass opacity of exudative lesions in both lungs was steadily 
increased in density over time during traditionally comprehensive treatment. (D‑G) The dynamic chest X‑ray images of the patient on February 27 (D, the 
day before the first trial for hUC‑MSC transplantation), March 7 (E, 2 days after the third trial for hUC‑MSC transplantation), March 18 (F, 13 days after the 
third trial for hUC‑MSC transplantation), and April 8 (G, 34 days after the third trial for hUC‑MSC transplantation), 2020. The streaky ground‑glass opacity 
of exudative lesions in both lungs was steadily decreased in density over time during hUC‑MSC administration with traditionally comprehensive treatment. 
hUC‑MSC, human umbilical cord‑derived mesenchymal stem/stromal cell.
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hUC‑MSC administration ameliorates the outcomes of 
COVID‑19‑associated pneumonia. To systematically and 
meticulously dissect the efficacy of systemic hUC‑MSC trans‑
plantation upon the patient critically ill with COVID‑19 with 
multiple comorbidities, the chest radiography was primarily 
used. Compared with the CT image of the chest on February 27 
(the day before MSC treatment), the first application of 
hUC‑MSCs (within 2 days since hUC‑MSC transplantation) 
did not reveal immediate and evidently ameliorative effects 
upon the absorption of infiltration shadow in the lungs, even 
though a series of the aforementioned vital signs were signifi‑
cantly improved (Fig. 2D and E). However, 13 days after the 
third trial of hUC‑MSC transplantation, pneumonia infiltra‑
tion was suppressed, and in particular, spontaneous remission 

in the ground‑glass opacity was observed in both lungs on 
April 8 (Fig. 2F and G).

hUC‑MSC administration ameliorates the clinical outcomes 
of the patient. From the view of the respiratory support curve, 
it was found that both the SpO2 and OI were upregulated, 
whereas the FiO2 was decreased, which was further confirmed 
by the replacement of mechanical ventilation with ordinary 
oxygen treatment (OT) (Figs. 1B, and 3A and B, and Table SI). 
Together with the hemoglobin (Hb) and platelet (PLT) values, a 
clinical laboratory examination revealed the ultimate resump‑
tion of the content of WBCs and total lymphocyte count in the 
peripheral blood of patient after 2 weeks from the hUC‑MSC 
transplantation (Figs. 3C and D, and S1A and B, and Table SI). 

Figure 3. The dynamic variations of clinical parameters during the patient treatment. (A and B) The dynamic upregulation of (A) SpO2 value and (B) OI value in the 
patient from Janruary 31 to April 16, 2020. (C and D) The dynamic upregulation of WBCs (C, 109/l) and LYMPH (D, %) in the peripheral blood of the patient from 
January 31 to April 16, 2020. (E‑H) The dynamic immunosuppression of IL‑6 (E, pg/ml), IL‑10 (F, pg/ml), TNF‑α (G, pg/ml), TNF‑γ (H, pg/ml) in the peripheral 
blood of the patient from January 31 to April 16th, 2020. SpO2, oxygen saturation; OI, oxygenation index; WBCs, white blood cells; LYMPH, lymphocytes.
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Furthermore, to assess the potential effects on the cytokine 
storm, a sharp decrease was observed in the levels of pivotal 
pro‑inflammatory factors, including IL‑2, IL‑4, IL‑6, IL‑10, 
TNF‑α and TNF‑γ in the patient critically ill with COVID‑19 
(Figs. 3E‑H, and S1C and D, and Table SI).

Simultaneously, the expression levels of heart‑associated 
[brain natriuretic peptide (BNP), Troponin T (TNT)], 
kidney‑associated [serum creatinine (SCR), blood urea 
nitrogen (BUN)] and liver‑associated [alanine transami‑
nase (ALT), aspartate aminotransferase (AST), albumin (ALB) 
and pre‑serum protein PA)] biomarkers were partially recov‑
ered following a transient increase (Figs. 4A‑D, and S2A‑D, and 
Table SI). Collectively, these results indicated the ameliorative 

outcomes of MODS and multiple comorbidities (e.g., coronary 
atherosclerotic heart disease with auricular fibrillation).

For the purpose of comprehensively evaluating the effi‑
cacy of hUC‑MSCs on COVID‑19 infection, the multifaceted 
disease scores were conducted according to the standard 
indexes. From the dynamic variations of the curves, it was 
found tht both the sequential organ failure assessment (SOFA) 
and pneumonia severity index (PSI) scores were immediately 
decreased after the third trial of hUC‑MSC transplantation, 
while the Acute physiology and chronic health evaluation II 
(PACHE II) exhibited a delayed decrease for 2 weeks 
(Figs. 4E and F, and S2E). Above all, with the aid of hUC‑MSC 
administration and traditionally comprehensive treatment, 

Figure 4. The dynamic variations of multiple comorbidities‑associated parameters and the severity of illness during the patient treatment. (A and B) The 
dynamic variation of heart‑related indicators including the upregulation of BNP (A, pg/ml) and downregulation of TNT (B, ng/l) in the patient from 
January 31 to March 23th, 2020. (C and D) The dynamic variation of kidney‑related indicators including the instantaneous upregulation of SCR (C, µmol/l) and 
delayed upregulation of BUN (D, mmol/l) in the patient from January 31 to April 16, 2020. (E and F) The dynamic variation of severity of illness‑associated 
indicators including the standard (E) SOFA value, and (F) APACHE II value in the patient from January 31 to April 16, 2020. BNP, brain natriuretic peptide; 
TNT, troponin T; BUN, blood urea nitrogen; APACHE II, acute physiology and chronic health evaluation II; SOFA, sequential organ failure assessment.
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the SARS‑CoV‑2 nucleic acid test result of the patient finally 
yielded a negative result as well.

Discussion

The ongoing outbreak of COVID‑19 pneumonia caused by 
SARS‑CoV‑2 has become a worldwide public hygiene event 
and has caused the death of >877,500 individuals due to a 
severe inflammation response and cytokine storm, particu‑
larly for critically ill elderly patients with pneumonia‑induced 
ARDS and multiple comorbidities (3‑6,33). Due to the defi‑
ciency of targeted therapeutics, as well as specialized antiviral 
vaccines and drugs, there is an urgency for the development of 
MSC‑based cytotherapy to reverse the immunodysregulation 
and high mortality, and to facilitate functional reconstruc‑
tion (8,9,18). The present study is a pilot case report study on 
the systemic infusion of hUC‑MSCs for patients critically ill 
with COVID‑19. On the basis of traditionally comprehensive 
treatment, hUC‑MSC administration did not trigger primary 
or secondary untoward effects, but effectively ameliorated the 
outcomes of the patient, such as vital signs, deteriorated clinical 
parameters and pneumonia associated with SARS‑CoV‑2 
infection, and related ARDS and MODS.

In general,SARS‑CoV‑2 belongs to the genus and exhibits 
great phylogenetic similarity to the coronavirus from bats, 
which is distinguished from the 2003 SARS‑CoV and the 
Middle East respiratory syndrome coronavirus (MERS‑CoV) 
at the molecular level (7,8,32,34‑37). Despite the early outbreak 
of COVID‑19 in Wuhan of China, yet increasingly evidences 
were inclined to dismiss the possibility from the classification of 
SARS‑CoV‑2 (33,34,37,38). Although patient zero and the spec‑
trum of intermediaries are still unknowable, yet the multifaceted 
characterization of latent period and asymptomatic carriers 
together with the main routes of human‑to‑human transmission 
and comprehensive diagnosis have made the prevention and 
control of COVID‑19 outbreaks in the early period of exponen‑
tial growth more available (3,7,37,39). For instance, the suspected 
SARS‑CoV‑2‑infected patients in China are diagnosed and 
quarantined on the basis of evidence, including epidemiological, 
demographic, clinical, laboratory and radiological characteristics 
according to guidance for the diagnosis and treatment of 2019 
novel coronavirus infected pneumonia from China CDC and 
WHO recommendations (4‑6,15). For instance, numerous strat‑
egies have been developed for SARS‑CoV‑2 detection, including 
SARS‑CoV‑2 RNA and protein, and even the early ELISA‑ or 
collaurum‑based antibody response (IgG, IgM and IgA) against 
the virus (9). Although traditionally comprehensive treatment, 
including supportive symptomatic treatment (e.g., steroids, 
oxygen therapy and fluid management) and therapeutic interven‑
tion (e.g., immunomodulatory adjuvants and substances) plays a 
critical role in the treatment of COVID‑19‑infected patients, the 
efficacy of suppressing transmission and ameliorating disease is 
far from satisfactory, due to the time‑consuming development 
for unequivocal clinical‑grade targeted vaccines and antiviral 
drugs (9,19,40). For example, scientific or clinical data upon 
broad‑spectrum antiviral drug repurposing, high‑throughput 
drug screening, late humoral response and persistence of alter‑
native neutralizing antibodies during SARS‑CoV‑2 infection is 
desperately scarce (9). Worse still, the controversial outcome 
and the side‑effects of therapeutic drugs, such as gastrorrhagia 

and osteoporosis are suspected to be caused by glucocorti‑
coids (18,19). Moreover, elderly patients are apt to suffer from 
worse symptoms (e.g., ARDS), and are associated with a higher 
ICU admission rate and higher mortality rate when compared 
with other demographics (6,33). To date, basic research and 
clinical trials have indicated the pivotal role of higher concen‑
trations of pro‑inflammatory factors (e.g., IL‑6, IL‑10, G‑CSF, 
MCP‑1 and TNF‑α) and the resultant severe cytokine storm, 
which further accelerate the ground‑glass opacity and pneu‑
monia infiltration, as well as multiple organ destruction and 
dysfunction in the critically ill COVID‑19 patient (3,5). Above 
all, despite the large flow of scientific or clinical explorations 
on mechanistic characteristics and possible drug repositioning 
rationale, the eventual mitigation and containment of this 
COVID‑19 epidemic diseases still depends on the current expo‑
nentially increasing knowledge of the SARS‑CoV‑2 pathology, 
virology and cross‑species transmission (9).

Since the development of new drugs is a time‑consuming 
and costly process, drug repurposing, such as MSCs‑ and 
the gene therapy‑based approach is a promising strategy for 
identifying therapeutic solutions during the time‑critical 
pandemic (9,41). Since the 1960s, MSCs were initially 
isolated from bone marrow followed by various adult 
tissues (e.g., adipose tissue and dental pulp) and perinatal 
tissues (e.g., umbilical cord and placenta), as well as human 
pluripotent stem cells (e.g., hESCs, iPSCs) (20,42‑44). Of 
the aforementioned MSCs, hBM‑MSCs and hUC‑MSCs are 
associated with the most applications and long‑term in vitro 
proliferation capacity, respectively (20,24). For decades, the 
authors of the present study, as well as others, have reported the 
clinical and preclinical applicability of MSCs in refractory and 
recurrent diseases, such as Crohn's disease, aplastic anemia, 
acute myocardial infarction, GVHD and even H5N1‑infected 
pneumonia which cause acute lung injury and acute respira‑
tory distress syndrome (ALI/ARDS), which are similar to the 
symptoms of SARS‑CoV‑2 infection (20,24,25,42,43,45). Very 
recently, Leng et al and Wang et al reported the clinical remis‑
sion of a 65‑year‑old female critically ill patient with COVID‑19 
with hUC‑MSC transplantation for 3 times as well, whereas 
the lung damage was relatively mild, which was confirmed by 
another studies (14,32). However, the safety and effectiveness 
assessment on elderly patients critically ill with COVID‑19 
with severe pneumonia‑induced ARDS and MODS‑associated 
multiple comorbidities remains largely unknown. Herein, 
prior to potentially large‑scale clinical investigations and 
applications, the feasibility and dependability of hUC‑MSC 
administration on a critically ill elderly patient with COVID 
were preliminarily confirmed, including immunodysfunction, 
cytokine storm, severe pneumonia‑induced ARDS, MODS 
and the concomitant comorbidities as well, which add new 
references to MSC‑based COVID‑19 treatment, particularly 
for patients without a therapeutic response to traditional medi‑
cations, such as immunoglobulins, hormones, antibiotics and 
anti‑viral vaccines (14,46). Furthermore, it was also realized 
that the case report alone is far from sufficient for the full 
interpretation of MSC‑based therapy for COVID‑19‑infected 
patients. Therefore, the replicability of the results obtained 
with this representative patient are not sufficient. Additionally, 
the potentially bidirectional immunoregulation effects and 
equilibrium upon cytokine storm inhibition and SARS‑CoV‑2 
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replication should not be neglected, and the safety and 
effectiveness assessment of MSC‑based cytotherapy on 
COVID‑19‑infected patients should be further examined in 
clinical trials with a large number of patients.
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