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a b s t r a c t 

Background and Objective: The novel coronavirus disease (COVID-19) outbreak is currently ravaging pop- 

ulations worldwide. Many studies were registered and conducted in rapid response to the epidemic, but 

how to choose the proper design for clinical trials remains the main concern. This study aimed to deter- 

mine the fundamental characteristics of study design during the COVID-19 pandemic and provide refer- 

ences for other emerging infectious diseases. 

Methods: We searched the database of ClinicalTrials.gov with the keyword “COVID-19” and compared the 

results with the design features of other conventional studies except for COVID-19. 

Results: From January 1, 2020 to September 30, 2021, 55,334 trials were registered at ClinicalTrials.gov. Of 

all the registered trials, 6,408 were related to COVID-19 (11.58%). There were significant differences in the 

proportion of observational studies between COVID-19 (43.48%) and others (23.27%). The completion rate 

of observational trials and interventional trials in COVID-19 was 29.04% and 25.84%, respectively. COVID- 

19 trials showed a higher rate of completion than others (P < 0.01). The time distribution and trend of 

observational studies and interventional studies varied considerably. 

Conclusion: Appropriately designed trials can help to improve research efficiency and reduce the possibil- 

ity of research failure. In addition to randomized controlled trials, observational and single-armed studies 

are also worth considering. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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The novel coronavirus disease (COVID-19) outbreak is currently 

avaging populations worldwide. Timely identification and cutting 

ff the route of transmission can control the source of infection 

 Lotfi et al, 2020 , Saran et al, 2020 , Ting Wu H, 2021 ). On this basis,

he medical system will face the dilemma of how to treat patients 

ffectively. 

The particularity of emerging infectious diseases will bring dif- 

culties to the selection of research and design schemes. Because 

he disease is threatening, the priority must be empirical symp- 

omatic treatment or exploratory treatment with existing drugs. 

owever, sometimes when we prepare for a long-term large-scale 

linical study, the epidemic is over, and there are no patients to 

erform trials. A report published by a committee of the United 
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tates National Academies of Sciences, Engineering, and Medicine, 

hich reviewed clinical researches conducted during the outbreak 

f Ebola, also expressed similar concerns ( National Academies of 

ciences et al, 2017 ). These particularities determined the choice 

f clinical research design scheme of new infectious diseases to be 

ifferent from that of general diseases. Therefore, we review the 

linical study design relating to COVID-19 registered in ClinicalTri- 

ls.gov since January 2020 with the aim of determining fundamen- 

al characteristics of study design during the COVID-19 epidemic 

nd providing reference for other emerging infectious diseases. 

ClinicalTrials.gov is a database of privately and publicly funded 

linical studies conducted around the world. In 1997, the United 

tates Congress mandated the creation of the ClinicalTrials.gov reg- 

stry to assist persons in gaining access to trials ( Califf et al, 2012 ).

n September 2004, the International Committee of Medical Journal 

ditors (ICMJE) made a statement that only trials registered before 

he beginning of patient recruitment would be considered for pub- 

ication ( De Angelis et al, 2005 ). To improve the diagnosis, treat- 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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Table 1 

Study design based on ClinicalTrials.gov database compared with COVID-19 and others 

Study type COVID-19 (n = 6408) Others (n = 48926) ALL (n = 55334) P value 

Interventional Studies 3622(56.52%) 37539(76.73%) 41161(74.39%) < 0.001 

Observational Studies 2786(43.48%) 11387(23.27%) 14173(25.61%) 

-Patient Registry Studies 369(5.76%) 1491(3.05%) 1860(3.36%) < 0.001 
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ent, and prevention of this disease, many clinical trials have been 

egistered and carried out all over the world since the outbreak of 

OVID-19. We also noticed that there were several pieces of lit- 

rature collecting the registered COVID-19 trials, but they mainly 

ocused on interventional trials and the characteristics in terms 

f participants, interventions, and outcomes ( Jones et al, 2020 , 

ang et al, 2020 , Luo et al, 2021 ). By searching for the charac-

eristics of all clinical research design schemes concerning COVID- 

9 registered in this database since January 2020 and comparing 

hem with the characteristics of other conventional studies except 

OVID-19, we can find the clinical research design rules and fea- 

ures of new infectious diseases, which will help us to select more 

ppropriate research design schemes for new infectious diseases in 

he future. We also aim to provide evidence for improving research 

fficiency and reducing the possibility of research failure. 

. Materials and methods 

.1. Data sources and search 

We searched the database of ClinicalTrials.gov with the key- 

ord “COVID-19,” without restriction on languages and study type. 

he search time was limited from January 1, 2020 to September 

0, 2021. The registration information of all relevant studies was 

ownloaded. At the same time, the details of all clinical trials reg- 

stered after January 2020 were also collected to compare the char- 

cteristics of trials. The search was performed on October 4, 2021. 

.2. Data extraction and analysis 

Two researchers independently collected data from the down- 

oaded registration information files, after which a third researcher 

hecked the data. The following information was collected from 

ach study: title, date of registration, current status, locations, 

tudy type, study designs, interventions and control, sponsor and 

ollaborators, phases, sample size, outcomes, and recruiting status. 

he overall status of registered clinical trials on COVID-19 was re- 

iewed and collated. 

We reported absolute numbers and percentages for categorical 

ariables and compared them by using χ2 analysis. Analyses were 

onducted on the design, study type, and time distribution of reg- 

stered trials. 

esults 

.1. Search results 

From January 1, 2020 to September 30, 2021, 55,334 trials were 

egistered at ClinicalTrials.gov. Of all the registered trials, 6,408 

ere related to COVID-19 (11.58%). 

.2. Comparison of study type between COVID-19 and other trials 

Overall numbers of identified trials and comparisons by study 

ype of registered clinical trials are presented in Table 1 . Within 

,408 COVID-19 trials, the number of interventional studies and 

bservational studies was 3,622 (56.52%) and 2,786 (43.48%), re- 

pectively, whereas patient registry studies accounted for 5.76% 
211 
n observational studies. For the other 48,926 studies, 37,539 

76.73%) were interventional and 11,387 (23.27%) were observa- 

ional, whereas there were 1,491 (3.05%) patient registry studies in 

he observational studies. There was a significant difference in the 

roportions of interventional studies (P < 0.001). On the other hand, 

he difference in proportions of patient registry studies between 

OVID-19 trials and the other trials was also significant (P < 0.001). 

.3. Comparison of study design between interventional COVID-19 

nd other trials 

All interventional studies were grouped according to the 

ethod of allocation and further divided into 5 intervention mod- 

ls: crossover assignment, factorial assignment, parallel assign- 

ent, sequential assignment, and single group assignment. 

Random allocation was used in 2,673 (73.80%) COVID-19 trials 

nd in 23,970 (63.85%) other trials. Randomized studies accounted 

or the largest proportion in both COVID-19 trials and the others, 

nd the ratio of randomized studies in COVID-19 trials was signif- 

cantly higher than in the other trials (P < 0.001). Furthermore, the 

ifference of proportion in randomized studies with crossover, par- 

llel, and sequential assignment between COVID-19 trials and the 

ther trials was also significant (P < 0.001). For 618 (17.06%) COVID- 

9 trials and 9,988 (26.61%) other trials in which allocation meth- 

ds were not applicable, the intervention model of single group 

ssignment was mostly used (n = 608, n = 9,654). 

Non-random allocation was used in 330 (9.11%) COVID-19 trials 

nd in 3,545 (9.44%) other trials, and the difference was not statis- 

ically significant. More details are shown in Table 2 . 

.4. Comparison of study design between observational COVID-19 

nd other trials 

Table 3 compares the study design of registered observational 

OVID-19 studies (n = 2,786) and the other studies (n = 1,1387). 

rials were classified into seven categories: case-control, case- 

rossover, case-only, cohort, ecologic/community, family-based, and 

ther. 

Cohort studies (n = 1,738, 60.43%) accounted for the largest 

art of the observational COVID-19 studies, and there were 6,937 

60.92%) cohort studies in the other studies. The proportions of 

ase-control, case-only, and ecologic/community studies in the 

ther observational studies were significantly lower (P < 0.05) than 

n the observational COVID-19 trials. 

.5. Status of registered trials 

Table 4 demonstrates the status of registered trials. Of the 3,622 

nterventional COVID-19 clinical trials, 934 (25.79%) had not yet 

tarted recruiting, 1,581 (43.65%) were still recruiting, and 936 

25.84%) were completed. The completion rate of intervention tri- 

ls related to COVID-19 was significantly higher than that of the 

ther clinical trials (P < 0.001). 

The analysis of observational studies shows the same result, 

ith completion rates of 29.04% and 11.57% in the COVID-19 tri- 

ls and the others, respectively (P < 0.001). 

Statistical analysis was also performed in all identified trials. 

he ratio of recruiting trials that had not started recruiting was 
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Table 2 

Study design for interventional studies compared with COVID-19 and others 

Interventional Studies COVID-19 (n = 3622) Others (n = 37539) P value 

Allocation: N/A 618(17.06%) 9988(26.61%) < 0.001 

Intervention Model: Crossover Assignment 0(0.00%) 9(0.02%) 0.582 

Intervention Model: Parallel Assignment 0(0.00%) 8(0.02%) 0.619 

Intervention Model: Sequential Assignment 10(0.28%) 317(0.84%) 0.030 

Intervention Model: Single Group Assignment 608(16.79%) 9654(25.72%) 0.019 

Allocation: Non-Randomized 330(9.11%) 3545(9.44%) 0.513 

Intervention Model: Crossover Assignment 19(0.52%) 157(0.42%) 0.268 

Intervention Model: Factorial Assignment 2(0.06%) 41(0.11%) 0.523 

Intervention Model: Parallel Assignment 224(6.18%) 2069(5.51%) 0.001 

Intervention Model: Sequential Assignment 53(1.46%) 870(2.32%) 0.001 

Intervention Model: Single Group Assignment 32(0.88%) 408(1.09%) 0.321 

Allocation: Randomized 2673(73.80%) 23970(63.85%) < 0.001 

Intervention Model: Crossover Assignment 87(2.40%) 2494(6.64%) < 0.001 

Intervention Model: Factorial Assignment 47(1.30%) 388(1.03%) 0.589 

Intervention Model: Parallel Assignment 2381(65.74%) 20106(53.56%) < 0.001 

Intervention Model: Sequential Assignment 123(3.40%) 656(1.75%) < 0.001 

Intervention Model: Single Group Assignment 35(0.97%) 326(0.87%) 0.830 

Allocation: Unknown 1 (0.03%) 36(0.10%) 0.151 

Table 3 

Study design for observational studies compared with COVID-19 and others 

Observational Studies COVID-19 (n = 2786) Others (n = 11387) Pvalue 

Observational Model: Case-Control 312(10.85%) 1443(12.67%) 0.034 

Time Perspective: Cross-Sectional 41(1.43%) 299(2.63%) 0.002 

Time Perspective: Prospective 176(6.12%) 893(7.84%) 0.072 

Time Perspective: Retrospective 82(2.85%) 206(1.81%) < 0.001 

Time Perspective: Other 13(0.45%) 45(0.40%) 0.348 

Observational Model: Case-Crossover 29(1.01%) 106(0.93%) 0.592 

Time Perspective: Cross-Sectional 11(0.38%) 38(0.33%) 0.836 

Time Perspective: Prospective 11(0.38%) 59(0.52%) 0.090 

Time Perspective: Retrospective 6(0.38%) 9(0.08%) 0.070 

Time Perspective: Other 1(0.03%) 0(0.00%) 0.215 

Observational Model: Case-Only 296(10.29%) 1406(12.35%) 0.012 

Time Perspective: Cross-Sectional 41(1.43%) 225(1.98%) 0.354 

Time Perspective: Prospective 156(5.42%) 881(7.74%) 0.001 

Time Perspective: Retrospective 72(2.50%) 242(2.13%) 0.004 

Time Perspective: Other 27(0.94%) 58(0.51%) < 0.001 

Observational Model: Cohort 1738(60.43%) 6937(60.92%) 0.155 

Time Perspective: Cross-Sectional 143(4.97%) 497(4.36%) 0.129 

Time Perspective: Prospective 1141(39.67%) 5155(45.27) < 0.001 

Time Perspective: Retrospective 342(11.89%) 1049(9.21%) < 0.001 

Time Perspective: Other 112(3.89%) 236(2.07%) < 0.001 

Observational Model: Ecologic or Community 95(3.30%) 139(1.22%) < 0.001 

Time Perspective: Cross-Sectional 37(1.29%) 73(0.64%) 0.041 

Time Perspective: Prospective 45(1.56%) 48(0.42%) 0.049 

Time Perspective: Retrospective 8(0.28%) 10(0.09%) 0.729 

Time Perspective: Other 5(0.17%) 8(0.07%) 0.872 

Observational Model: Family-Based 7(0.24%) 33(0.29%) 0.731 

Time Perspective: Cross-Sectional 5(0.17%) 7(0.06%) 0.017 

Time Perspective: Prospective 2(0.07%) 20(0.18%) 0.130 

Time Perspective: Retrospective 0(0.00%) 2(0.02%) 0.677 

Time Perspective: Other 0(0.00%) 4(0.04%) 0.448 

Observational Model: Other 308(10.71%) 1319(11.58%) 0.433 

Time Perspective: Cross-Sectional 80(2.78%) 286(2.51%) 0.104 

Time Perspective: Prospective 137(4.76%) 716(6.29%) 0.002 

Time Perspective: Retrospective 56(1.95%) 185(1.62%) 0.064 

Time Perspective: Other 35(1.22%) 132(1.16%) 0.480 

Observational Model: Unknown 1(0.03%) 4(0.04%) 0.665 
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ignificantly higher (P < 0.001) in the other clinical trials and the 

ompletion rate still lower (P < 0.001) than those of the COVID-19 

linical trials. 

.6. Time distribution of COVID-19 trials 

The numbers and proportions of different types of studies were 

lassified by start date and are shown in Table 5 . 4 ,489 clini-

al trials related to COVID-19 were launched in 2020, and 1,919 

rials started in 2021. In season 1 of 2020, the beginning of 

he COVID-19 outbreak, only 612 trials were launched, according 
212 
o the registration information, and the number of clinical tri- 

ls significantly increased in the next season (n = 2,055). As time 

ent by, the overall trend of numbers of registered trials was 

ownward. 

As is shown in Table 5 , among 612 trials started in season 1 of

020, 422 were observational. Observational studies accounted for 

he maximal proportion (68.95%) of clinical trials launched in the 

rst quarter of 2020 and gradually decreased. 

For interventional studies, the proportion of trials with single- 

rouped assignments also showed a decreasing tendency by season 

n 2020. 
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Table 4 

Status for all studies compared with COVID-19 and others 

Status COVID-19 (n = 6408) Other (n = 48926) P value 

Interventional Studies 3622 37539 

not recruiting 934(25.79%) 10482(27.92%) 0.006 

Recruiting 1581(43.65%) 22377(59.61%) < 0.001 

Completed 936(25.84%) 3602(9.60%) < 0.001 

Other 171(4.72%) 1078(2.87%) < 0.001 

Observational Studies 2786 11387 

not recruiting 530(19.02%) 3312(29.09%) < 0.001 

Recruiting 1416(50.83%) 6544(57.47%) < 0.001 

Completed 809(29.04%) 1318(11.57%) < 0.001 

Other 30(1.08%) 209(1.84%) 0.005 

Unknown 1(0.04%) 4(0.04%) 0.665 

All 6408 48926 

not recruiting 1464(22.85%) 13794(28.19%) < 0.001 

Recruiting 2997(46.77%) 28921(59.11%) < 0.001 

Completed 1745(27.23%) 4920(10.06%) < 0.001 

Other 201(3.14%) 1287(2.63%) 0.019 

Unknown 1(0.02%) 4(0.01%) 0.460 
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Although the total number of observational studies (n = 2,786) 

nd interventional studies (n = 3,662) showed similarly, the time 

istribution and trend of quantity varied considerably ( Figure 1 ). 

iscussion 

Emerging and sudden infectious diseases (such as Ebola, Mid- 

le East Respiratory Syndrome, and COVID-19) have brought great 

arm to human health. Since the first outbreak of COVID-19 in 

hina from an unknown origin, this newly emerging respiratory 

isease quickly became a global pandemic. Countries around the 

orld have called for the launching of clinical trials and rapidly 

xpanding response activities around emerging infectious diseases 

o seek new therapeutic strategies and specific medicine. 
Table 5 

Time distribution and trend of COVID-19 study design 

Total Observational Observational/ Total Interventional 

2020 4489 2080 46.34% 2409 

Season 1 612 422 68.95% 190 

January 58 36 62.07% 22 

February 103 56 54.37% 47 

March 451 330 73.17% 121 

Season 2 2055 997 48.52% 1058 

April 860 423 49.19% 437 

May 669 315 47.09% 354 

June 526 259 49.24% 267 

Season 3 1000 362 36.20% 638 

July 403 163 40.45% 240 

August 273 87 31.87% 186 

September 324 112 34.57% 212 

Season 4 822 299 36.37% 523 

October 283 105 37.10% 178 

November 262 85 32.44% 177 

December 277 109 39.35% 168 

2021 1919 706 36.79% 1213 

Season 1 798 333 41.73% 465 

January 275 116 42.18% 159 

February 256 105 41.02% 151 

March 267 112 41.95% 155 

Season 2 633 228 36.02% 405 

April 241 83 34.44% 158 

May 196 69 35.20% 127 

June 196 76 38.78% 120 

Season 3 487 145 29.77% 342 

July 150 46 30.67% 104 

August 150 49 32.67% 101 

September 188 50 26.60% 138 

Total 6408 2786 43.48% 3622 

213 
Among all the clinical trials, there is no doubt that randomized 

ontrolled trial (RCT) is the optimal way to evaluate new thera- 

eutic strategies with the highest level of grading quality of evi- 

ence ( Byar et al, 1976 , Bothwell et al, 2016 ). However, at the be-

inning of the COVID-19 outbreak, how long the disease will last 

nd how many patients will be infected remained unclear. Limited 

nformation on its source of initial infection, pathogenesis, route of 

ransmission, and clinical outcomes in hospitalized patients with 

OVID-19 also caused difficulty in the design of RCTs. By compari- 

on, the design of observational studies was affected little by these 

actors. 

Statistics in our analysis also showed that the observational 

tudies accounted for the largest part of COVID-19 clinical trials at 

he beginning of the epidemic, and the ratio of it in COVID-19 tri- 

ls was significantly higher than in other contemporaneous trials. 

or newly emerging infectious diseases, there were no proven safe 

nd effective therapeutic products or vaccines when the epidemic 

egan. Selection of treatment in the control group remained diffi- 

ult, and it was considered unethical to use placebos without ade- 

uate knowledge in face of a disease ( Ellenberg et al, 2018 ). It also

sually took a long time for interventional trials to be planned, 

etted, and initiated. In such cases, it is not an unattractive op- 

ion to quickly start observational studies in consideration of the 

mergency of the disease, and evidence from well-designed obser- 

ational studies can be helpful in filling evidence gaps. Failure to 

eact quickly may lead to a missed opportunity to collect reliable 

linical evidence if the outbreak subsides. Furthermore, beyond 

enerally taking less time and money to conduct, observational 

tudies have several strengths, such as reducing potential harms 

ssociated with interventional research when equipoise is unclear 

nd capturing diverse patient populations ( Gershon et al, 2021 ). 

ith the further cognition of the disease and the development of 

esearch, the proportion of interventional trials increased gradu- 

lly. However, according to Table 4 , the completion rate of observa- 

ional trials and interventional trials in COVID-19 was 29.04%, and 
Single Group Assignment Single Group Assignment/ Interventional 

479 19.88% 

47 24.74% 

3 13.64% 

12 25.53% 

32 26.45% 

239 22.59% 

97 22.20% 

84 23.73% 

58 21.72% 

107 16.77% 

41 17.08% 

27 14.52% 

39 18.40% 

86 16.44% 

30 16.85% 

35 19.77% 

21 12.50% 

196 16.16% 

89 19.14% 

26 16.35% 

29 19.21% 

34 21.94% 

57 14.07% 

21 13.29% 

20 15.75% 

16 13.33% 

50 14.62% 

12 11.54% 

20 19.80% 

18 13.04% 

675 18.64% 
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5.84% until October 4, 2021, respectively. In contrast to interven- 

ional trials, observational studies usually started earlier during the 

utbreak. Also, as the epidemic approached its waning in China, 

atients eligible for interventional trials became fewer and fewer, 

nd many trials had to be stopped. 

The single-arm trials constituted an important part of regis- 

ered interventional clinical trials during the pandemic of COVID- 

9. Single-arm designs have the advantages of being easier to 

mploy as pragmatic trials and requiring fewer patients, and all 

f them receive the experimental treatment ( Philip et al, 2014 , 

entz et al, 2019 ). With limitations on time and therapeutic 

ethod, an expedited result through a single-arm trial is desir- 
214 
ble when feasible, and may enable an efficacious treatment into 

arger confirmatory studies before the epidemic wanes, or to allow 

n ineffective approach to be abandoned for trials of other possible 

reatments ( Whitehead et al, 2016 , Brueckner et al, 2018 ). 

There were also several limitations in our study. First, Clini- 

alTrials.gov is not the only clinical trial registry platform. Infor- 

ation on other platforms, such as the Australian New Zealand 

linical Trials Registry, the United Kingdom’s International Stan- 

ard Randomized Controlled Trial Number(ISRCTN )registry, and 

orld Health Organization(WHO) International Clinical Trials Reg- 

stry Platform, was not included in this study. Second, although the 

pidemic of COVID-19 is under great control in China, it is contin- 
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ing in other countries. It is, therefore, likely that COVID-19 trials 

ill be continuously registered. 

The design of clinical trials during the outbreak of newly infec- 

ious disease has its specificity. Inadequate, insufficient knowledge 

n the pathophysiology of COVID-19 brought difficulties to the de- 

ign and conducting of trials, but the emergency of the epidemic 

equired that trial protocols be developed and approved within a 

ery short time frame to seek reliable clinical evidence during the 

utbreak and to save lives. 

Different study designs have their own characteristics and ad- 

antages; it is of vital importance to make trade-offs between 

hese methods of research. This work compares the characteris- 

ics between COVID-19 trials and other trials registered during the 

ame period and summarizes the time distribution of COVID-19 

linical trials, trying to collect existing evidence and help to iden- 

ify trial designs most likely to succeed at a particular point during 

n outbreak. 

onclusion 

Our research suggests that the choice of study design is of vital 

mportance in face of emerging infectious diseases. Appropriately 

esigned trials can help to improve research efficiency and reduce 

he possibility of research failure. RCTs have the highest quality 

f evidence, but there are various barriers to their effective im- 

lementation during the epidemic. Observational and single-armed 

tudies should be accorded importance as well. Further study can 

ocus more on clinical trial design processes. 
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