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Summary (345 words) 

 

Background 

Doxycycline is often used for COVID-19 respiratory symptoms in the community despite lack of 

evidence from clinical trials. We aimed to assess the effectiveness of doxycycline to treat suspected 

COVID-19 in the community among people at higher risk of adverse outcomes. 

 

Methods 

We conducted the UK national, primary care, open-label, multi-arm, adaptive Platform Randomised trial 

of INterventions against COVID-19 In older peoPLE (PRINCIPLE). People aged ≥65 years, or ≥50 years 

with comorbidities, and unwell ≤14 days with suspected COVID-19 in the community were randomised 

using response adaptive randomisation to usual care, usual care plus doxycycline (200mg day one, then 

100mg daily for six days), or usual care plus other interventions. The co-primary endpoints are time to 

first self-reported recovery, and hospitalisation/death related to COVID-19, both measured over 28 days 

from randomisation and analysed by intention to treat using Bayesian models. Trial registration: 

ISRCTN86534580. 

 

Findings 

The trial opened on April 2, 2020. Randomisation to doxycycline began on July 24, 2020 and was 

stopped on December 14, 2020, by when the trial had randomised 2689 participants overall. Of these, 

2508 (93·3%) contribute data to the doxycycline primary analysis; 780 doxycycline, 948 usual care and 

780 to other interventions. The mean age (standard deviation) was 61·1 (7·8) and 1409 (56·2%) were 

female. In the primary analysis model there was little evidence of difference in time to first self-reported 

recovery in the doxycycline group versus usual care (9.6 versus 10.1 days, hazard ratio 1·04 [95% 

Bayesian Credible Interval (BCI) 0·93 – 1·17]). The estimated benefit (95% BCI) in median time to first 

self-reported recovery was 0·5 [-0·99 – 2·04] days and the probability of a clinically meaningful benefit 

≥1·5 days was 0·1. There were 41 (5·3%) COVID-19 related hospitalisations/deaths in doxycycline group 

vs 43 (4·5%) in usual care group (estimated absolute percentage difference, -0·5% [-2·6 – 1·4%]).  

 

Interpretation 

In higher-risk patients with suspected  COVID-19 in the community in the UK, treatment with 

doxycycline was not associated with meaningful reductions in time to recovery or hospital admission, and 

should not be used routinely.  

 

Funding 

UK Research and Innovation and the Department of Health and Social Care through the National Institute 

for Health Research Urgent Public Health Priority research funding (MC_PC_19079). 

 

  

http://www.isrctn.com/ISRCTN86534580
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Research in context (box) 

 

Evidence before this study 

A search of PubMed on February 24, 2020 using the following search terms [(randomised OR trial) AND 

(doxycycline OR tetracycline) AND (COVID* OR SARS-CoV-2 OR SARS-CoV)] identified 21 results, 

one of which reported findings from a randomised controlled trial that provided some data for the 

effectiveness of doxycycline as a COVID-19 treatment compared with controls/Usual Care. In this 

double-blind randomised controlled trial from Bangladesh, the investigators compared doxycycline (200 

mg on day 1, followed by 100 mg every 12 h for the next 4 days) plus ivermectin (12 mg once daily for 5 

days), ivermectin alone, and a placebo control, among 72 adults hospitalised with COVID-19 (n = 24 per 

arm). There was no difference in the primary outcome of time to mean duration to viral clearance in the 

doxycycline plus ivermectin arm (11·5 days (95% CI 9·8 – 13·2) versus the placebo arm 12·7 days (95% 

CI 11·3 – 14·2, p = 0·27), although time to viral clearance in the ivermectin alone arm was shorter (9·7 

days (95% CI 7·8 – 11·8). A search of ClinicalTrials.gov on February 24, 2021 identified thirteen 

additional ongoing or completed randomised controlled trials assessing doxycycline as treatment for 

COVID-19 studies, none of which had reported results.  

 

Added value of this study 

To our knowledge, PRINCIPLE is the first randomised trial to report the effectiveness of doxycycline as a 

standalone treatment for COVID-19 patients in the community. We did not find evidence that  

doxycycline treatment meaningfully improved recovery or reduced hospitalisations when used in this 

setting.  

 

 

Implications of all the available evidence 

Our study, conducted among older people and those with comorbidities, does not support the routine use 

of doxycycline for suspected COVID-19 in the community in the absence of other indications such as 

bacterial pneumonia. Emerging evidence suggests bacterial co-infection in COVID-19 is uncommon, 

therefore antibiotic treatment is unlikely to benefit most individuals with COVID-19 in the community in 

developed countries and wider use without clear benefit could lead to public health harms through 

increased antibiotic resistance. Further research to identify strategies for diagnosing bacterial pneumonia 

in patients with COVID-19 in the community is needed.  
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Introduction 

 

There is an urgent need to identify effective and safe treatments for coronavirus disease 2019 (COVID-

19), especially for older people and those with co-morbidities who are at higher risk of hospitalisation and 

death.1 

 

Doxycycline is a licensed, widely available, inexpensive antibiotic with a favourable safety profile that 

has been proposed as a COVID-19 treatment,2,3 due to its in vitro activity against severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2), with an EC50 of 4.5µM, which is consistent with lung 

doxycycline levels at standard oral doses of 100-200mg daily.4 In addition, doxycycline has anti-

inflammatory properties that may reduce adverse outcomes. It decreases nitrous oxide production5 and 

inhibits matrix metalloproteinase 9 (MMP-9),6 which has a role in acute respiratory distress syndrome.7 

Doxycycline may also treat bacterial super-infection, a potentially important pathway to severe COVID-

19, particularly in older people or those with comorbidities.  

 

Doxycycline has been used as a specific treatment for COVID-19 in India and Brazil,8,9 while in the UK, 

national guidelines recommend doxycycline for suspected COVID-19 pneumonia in high risk patients in 

the community, or if bacterial aetiology is suspected.10 The World Health Organization and the United 

States Centers for Disease Control and Prevention recommend antibiotics for suspected bacterial 

pneumonia in COVID-19, with doxycycline included in guidelines for community acquired pneumonia.11-

13 Community prescribing data from the United States and United Kingdom suggests increased use of 

doxycycline for respiratory tract infections during the COVID-19 pandemic,14-17 which could exacerbate 

antimicrobial resistance.18 Randomised trials evaluating doxycycline for COVID-19 are therefore needed 

to either demonstrate its effectiveness, or if ineffective, to prevent its unnecessary use. 

 

We aimed to determine whether doxycycline speeds recovery or reduces hospital admission or death from 

COVID-19 in people at higher risk of an adverse outcome in the community.  

 

Methods 

 

Trial design  

We assessed the effectiveness of doxycycline in the UK national, multi-centre, primary care, open-label, 

multi-arm, prospective adaptive Platform Randomised trial of INterventions against COVID-19 In older 

peoPLE (PRINCIPLE), which opened on April 2, 2020, and is ongoing. The protocol is available in the 

appendix (page 2). A “platform trial” allows multiple treatments for the same disease to be tested 

simultaneously. A master protocol defines prospective decision criteria for dropping interventions for 

futility, declaring interventions superior, or adding new interventions.19 This allows the rapid assessment 

of multiple interventions, with the aim of rapidly dropping interventions with little evidence of 

meaningful benefit, and thereby directing resources towards evaluation of new interventions, with the 

ultimate aim of identifying community-based treatments for COVID-19. Interventions under evaluation in 

PRINCIPLE have included hydroxychloroquine, azithromycin, doxycycline and inhaled budesonide. 

Here, we report outcomes for doxycycline. 

 

The UK Medicines and Healthcare products Regulatory Agency and the South Central-Berkshire 

Research Ethics Committee (Ref: 20/SC/0158), recognized by the United Kingdom Ethics Committee 

Authority, approved the trial protocol version 6·3, and all trial recruitment processes. Online consent is 

obtained from all participants. The authors vouch for the accuracy and completeness of the data and for 

fidelity to the protocol. An independent trial steering committee and data monitoring and safety 

committee provide trial oversight. 

 

Participants 
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People in the community were eligible if they were aged ≥65 years, or ≥50 years with comorbidities, and 

had ongoing symptoms from PCR confirmed or suspected COVID-19 (in accordance with the United 

Kingdom National Health Service definition of high temperature and/or new, continuous cough and/or 

change in sense of smell/taste).20 Symptoms must have started within the past 14 days. Co-morbidities 

required for eligibility in people aged 50-65 years were: weakened immune system; heart disease; 

hypertension; asthma or lung disease; diabetes; hepatic impairment; stroke or neurological problem; and 

self-reported obesity or body mass index ≥35 kg/m2. People were ineligible to be randomised to 

doxycycline if they were already taking acute antibiotics or if doxycycline was contraindicated (Appendix 

1 page 55). Initially, eligible people were recruited, screened and enrolled through participating general 

medical practices, but from May 17, 2020, people across the UK could enrol online or by telephone. After 

patients completed a baseline and screening questionnaire, a clinician or trained research nurse confirmed 

eligibility using the patients primary care medical record, accessed remotely where necessary, before 

conducting randomisation. 

 

Trial interventions  

The interventions reported in this manuscript are oral doxycycline 200mg on day one followed by 100mg 

daily for six days, or usual care. Usual care in the United Kingdom National Health Service for suspected 

uncomplicated COVID-19 in the community is largely supportive. Antibiotics are only recommended for 

suspected COVID-19 pneumonia if bacterial aetiology is suspected or the patient is at high risk, in which 

case guidelines recommend doxycycline.10 In the trial, doxycycline was either prescribed or issued 

directly by the participant’s general medical practitioner (GP), or issued centrally by the study team and 

delivered by urgent courier to the participant. 

 

Trial procedures 

Participants were followed up through an online, daily symptom diary for 28 days after randomisation, 

supplemented with telephone calls on days 2, 14 and 28. Participants were encouraged to nominate a trial 

partner to help provide follow up data. We obtained consent to ascertain healthcare use outcome data 

from general practice and hospital records. We aimed to provide a SARS-CoV-2 self-swab for PCR 

testing promptly after randomisation, but capacity issues early in the pandemic meant swab testing was 

unavailable for some participants. 

 

Primary outcomes 

The trial commenced with the primary outcome of hospitalisation or death within 28 days. However, the 

proportion requiring hospitalisation in the UK21 was lower than initially expected22. Therefore, the trial 

management group and steering committee recommended amending the primary outcome to include a 

measure of illness duration.23,24 Duration of illness is an important outcome for patients and has important 

economic and social impacts. Furthermore, treatments that do not shorten illness duration are also 

unlikely to demonstrate a benefit in COVID-19 related hospitalisations or deaths. This change received 

ethical approval on September 16, 2020, and was implemented before performing any interim analyses. 

Thus, the trial has two co-primary endpoints measured within 28 days of randomisation: 1) time to first 

reported recovery defined as the first instance that a participant reports feeling recovered; and 2) 

hospitalisation or death related to COVID-19. 

 

Secondary outcomes 

Secondary outcomes include a rating of how well participants feel (“How well are you feeling today? 

Please rate how you are feeling now using a scale of 1 – 10, where 1 is the worst you can imagine, and 10 

is feeling the best you can imagine”); time to sustained recovery (date participant first reports feeling 

recovered and subsequently remains well until 28 days), time to initial alleviation of symptoms (date 

participant first reports all symptoms as minor or none), time to sustained alleviation of symptoms, time 

to initial reduction of severity of symptoms, contacts with health services, adherence to study treatment, 

the WHO-5 Well-Being Index,25 and treatment effects among SARS-CoV-2 positive participants. We 
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included secondary outcomes capturing sustained recovery due to the recurrent nature of COVID-19 

symptoms. 

 

Sample size 

Sample size calculations are detailed in the Adaptive Design Report (appendix page 68), where we justify 

sample sizes by simulating the operating characteristics of the adaptive design in multiple scenarios, 

which explicitly account for response adaptive randomisation, early stopping for futility/success and 

multiple interventions. In brief, for the primary outcome analyses, assuming a median time to recovery of 

nine days in the usual care group, approximately 400 participants per group would provide 90% power to 

detect a 2 day difference in median recovery time. Assuming 5% hospitalisation in the usual care group, 

approximately 1500 participants per group would provide 90% power to detect a 50% reduction in the 

relative risk of hospitalisation/death.  

 

Randomisation 

Eligible, consenting participants were randomised using a secure, web-based, in-house, randomisation 

system (Sortition). When the doxycycline group opened, the azithromycin and usual care groups were 

also active, with 1:1:1 allocation between the three arms, stratified by age, and comorbidity. Subsequent 

randomisation probabilities were determined using response adaptive randomisation via regular interim 

analyses, which allows allocation of more participants to interventions with better observed outcomes 

(Appendix 2). The trial team was blinded to randomisation probabilities. 

 

Statistical analysis 

Statistical analyses are detailed in the Master Statistical Analysis Plan (Appendix 3). The first primary 

outcome, time to first self-reported recovery, was analysed using a Bayesian piecewise exponential model 

regressed on treatment and stratification covariates, and included parameters for temporal drift. The 

second primary outcome, hospitalisation/death, was analysed using a Bayesian logistic regression model 

regressed on treatment and stratification covariates. The primary outcomes were evaluated using a “gate-

keeping” strategy to preserve the overall Type I error of the primary endpoints without additional 

adjustments for multiple hypotheses. The hypothesis for the time-to-first-recovery endpoint is evaluated 

first, and if the null hypothesis is rejected, the hypothesis for the second co-primary endpoint of 

hospitalisation/death is evaluated. In the context of multiple interim analyses, the master protocol 

specifies that each null hypothesis is rejected if the Bayesian posterior probability of superiority exceeded 

0·99 for the time to recovery endpoint and 0·975 (via gate-keeping) for the hospitalisation/death endpoint. 

Based on trials of antibiotics for lower respiratory tract infection,26 a minimum of 1·5 days difference in 

median time to first report of recovery, and 2% difference in hospitalisation/mortality were pre-specified 

as clinically meaningful. If there is insufficient evidence of a clinically meaningful benefit in time to 

recovery, futility is declared and randomisation to that intervention is stopped, meaning other 

interventions can be evaluated more rapidly in the trial.  

 

Bayesian methods were specified for the primary analysis for multiple reasons, including: 1) the ability to 

incorporate response adaptive randomisation based on a Bayesian posterior distribution of each 

intervention being the best intervention; 2) the ability to update Bayesian posterior distributions via 

interim analyses and base decisions on probabilistic summaries; and 3) the ability to account for temporal 

drift using Bayesian smoothing methodologies. Bayesian prior distributions were pre-specified and were 

chosen to allow the data to dominate model estimation. 

 
The pre-specified primary analysis population included all eligible participants randomised to 

doxycycline, usual care, and other interventions, from the start of the platform trial until randomisation to 

doxycycline was stopped, with data extracted after a further 28 days follow-up. Because this population 

includes participants randomised to usual care before the doxycycline group opened, the primary analyses 

models include parameters to adjust for temporal drift in the study population, which may occur due to 
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changes in circulating SARS-CoV-2, usual care, or the pandemic situation, as well as changes in the 

inclusion/exclusion criteria over time.  These parameters provide an estimated trajectory the primary 

endpoint in the Usual Care arm across time via Bayesian hierarchical modelling; methodological details 

are provided in the Appendix.  A key sensitivity analysis includes the comparison of each intervention 

versus the concurrently randomized controls, which should be consistent with the primary analysis 

results.  Although analyses for non-concurrent randomized controls are not typically implemented in 

traditional trials, they are becoming standard practice in many high-profile adaptive platform trials.19,27-30  

In addition, we conducted a secondary analysis restricted to SARS-CoV-2 positive participants in the 

primary analysis population. 

 

Analysis of the secondary outcomes, and pre-specified sub-group analyses, were conducted on the 

concurrent randomisation analysis population, defined as all participants who were randomised to 

doxycycline or usual care, during the time period when doxycycline was open to randomisation. 

Secondary time-to-event outcomes were analysed using Cox proportional hazard models, and binary 

outcomes were analysed using logistic regression, adjusting for comorbidity status, age, duration of 

illness and eligibility for doxycycline at baseline.  

 

Analyses were conducted using R (version 3·6·0) and Stata (version 16·1). 

 

Role of the funding source  

The funder had no role in the study design, data collection, analysis, interpretation nor writing of the 

paper, nor decision to submit for publication. All authors had full access to all of the data in the study and 

take responsibility for the integrity of the data and the accuracy of the data analysis. 

 

Results 

 

Population 

The first trial participant was randomised on April 2, 2020. Enrolment into the doxycycline group started 

on July 24, 2020. On December 14, 2020, the Trial Steering Committee, after review of planned interim 

analyses by the Data Monitoring and Safety Committee, advised the Trial Management Group to stop 

randomisation to doxycycline because the pre-specified futility criterion was met. By then, a total of 2689 

people were enrolled from 1662 GP practices across the UK. 26% were enrolled directly through 223 GP 

practices and 74% via online/telephone contact with the study team. 827 participants were allocated to 

doxycycline, 1013 to usual care alone, and 849 to other treatment groups (Figure 1). The Bayesian 

primary analysis model includes data from all eligible participants who provided follow up data 

randomised to doxycycline (n = 780), usual care alone (n = 948), and other treatment groups (n = 780). 

To protect the integrity of the platform trial and other interventions, we only provide descriptive 

summaries of participants randomised to doxycycline and usual care.   

 

The average age (range) of participants was 61 (50 – 90) years, of which 1409 (56·2%) were female and 

1563 (87·5%) had co-morbidities. Median (interquartile range) duration of illness prior to randomisation 

was 6 (4 – 9) days. 1544 (99%) had a SARS-CoV-2 PCR result available, taken a median (interquartile 

range) of 4 (2 – 9) days from symptom onset, of which 791 (51·2%) were positive. Baseline 

characteristics were comparable between the two groups (Table 1), particularly in the concurrent analysis 

population (Table S1). 

 

Follow-up information was available for 94·2% of those who received doxycycline and the concurrent 

controls. 84% of participants reported taking doxycycline for at least 6 days. 

 

Primary Outcomes 
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Of 780 participants who received doxycycline, 596 (76·4%) reported first feeling recovered within 28 

days, compared with 717 of 948 (75·6%) in usual care. Based on the Bayesian primary analysis model, 

that adjusts for temporal drift, the estimated median time to first recovery for doxycycline and usual care 

was 9.6 and 10.1 days, respectively (Table 2), (hazard ratio, 1·04; 95% Bayesian Credible Interval [BCI] 

[0·93 – 1·17]), equating to an estimated median benefit of 0·5 (95% BCI [-0·99 – 2·04]) days. The 

probability that median time to recovery was shorter in doxycycline versus usual care (i.e. probability of 

superiority) was 0·74 and did not meet the 0·99 threshold to declare superiority. The probability that there 

was a clinically meaningful benefit ≥1·5 days in time to recovery was 0·10.  

 

A slightly higher rate of hospitalisation/deaths within 28 days follow up was observed in the doxycycline 

group compared to usual care (41 (5·3%) vs 43 (4·5%); estimated absolute percentage difference, -0·5%; 

95% BCI, -2·6% – 1·4%) (Table 2). There were 5 deaths in the doxycycline group and 2 in usual care. 

The probability that hospitalisations/deaths were lower in the doxycycline versus usual care (probability 

of superiority) was 0·30, and was not formally analysed for significance due to gate-keeping hypothesis 

structure. The probability that there was a reduction in hospitalisations/deaths of at least 2% (the pre-

defined threshold of a clinically meaningful benefit) was 0·005. Results of both primary outcomes were 

consistent in the SARS-CoV-2 infected population (time to recovery hazard ratio 1.05 [0·90 – 1·24], 

estimated median benefit 0.70 [-1·45 – 3·03] days, probability of meaningful benefit 0.24; 

hospitalisation/death estimated absolute percentage difference 1·2% [-2·7% – 5·2%], probability of 

meaningful benefit 0.35) (Table 2). Similarly, results of both primary outcomes were consistent in the 

concurrent randomisation analysis population (time to recovery hazard ratio 1·08 [0·95 – 1·23], estimated 

median benefit 0·57 [-0·95 – 2·13] days, probability of meaningful benefit 0.12; hospitalisation/death 

estimated absolute percentage difference 0.2% [-2.1%, 2.5%], probability of meaningful benefit 0.062) 

(Table S2). 

 

Secondary outcomes 

Analysis of secondary outcomes showed little evidence of differences between the two groups in the daily 

score of how well participants felt over 28 days (Table 2 and Figure S1), the WHO-5 Wellbeing Index, 

nor any of the hospitalisation secondary outcomes (Table 2). Similarly, there was little evidence of 

treatment benefit in doxycycline in time to first alleviation of symptoms, time to sustained alleviation of 

symptoms and time to initial reduction of severity of all symptoms and individual symptoms (Figures S2 

and 3). Healthcare service use was similar between groups, and the proportions subsequently prescribed 

antibiotics were small (18/341 (5·3%) in the doxycycline arm, and 20/306 (6·5%) in usual care), though 

data for this outcome was available for less than half of participants (Table 2).  

 

In the prespecified subgroup analyses, duration of illness prior to randomisation, baseline illness severity 

score, age, or comorbidity (Figure 3), did not impact the effect of doxycycline on time to first reported 

recovery. A treatment benefit in time to first recovery was observed in the 112 participants with no 

SARS-CoV-2 result available; but there was no effect in those with a positive or a negative SARS-CoV-2 

test. In terms of significant adverse events, five participants reported hospitalisations unrelated to 

COVID-19, all in the usual care group.   

 

Discussion 

 

This platform, randomised trial involving participants in the community in the UK with suspected 

COVID-19 at higher risk of an adverse outcome, showed that doxycycline did not meaningfully shorten 

time to recovery or reduce hospitalisations. Findings were unchanged in secondary analysis restricted to 

participants with a positive test for SARS-CoV-2 infection, and in sub-group analyses by age and 

presence of comorbidities. 
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We identified no published randomised controlled trials of doxycycline as a stand-alone treatment for 

COVID-19. A small randomised controlled trial among 72 adults hospitalised with COVID-19 in 

Bangladesh compared doxycycline for five days plus single dose ivermectin, ivermectin alone for five 

days, and placebo .31 The primary outcome of mean time to negative SARS-CoV-2 PCR was 12·7 days 

(95% CI 11·3 – 14·2) in the placebo control arm, and a similar 11·5 days (95% CI 9·8 – 13·2, p = 0·27) 

in the doxycycline plus ivermectin group versus placebo, and shorter in the ivermectin alone group (9·7 

days, 95% CI 7·8 – 11·8, p = 0·02), and there were no differences in hospitalisation duration. A 

prospective observational study of 315 patients hospitalised with COVID-19 pneumonia, of whom 47% 

received doxycycline, found no evidence that doxycycline was associated with decreased 30 day mortality 

(adjusted hazard ratio 0·92, 95% CI 0·49 – 1·69, p=0·79).32 

 

Strengths of our analysis include the evaluation of doxycycline as a standalone, early treatment, the focus 

on patients in the community at higher risk of complications, and the use of 28 days patient reported 

outcomes which, in the case of hospitalisation and deaths, were confirmed by medical record review. 

Only three-quarters of patients reported recovery during follow-up, and the median time to sustained 

recovery was 22 days, reflecting the now well-known potential for COVID-19 to cause recurrent and 

protracted symptoms, but we did not assess outcomes beyond 28 days.  

 

A potential limitation of our study is the inclusion of patients without PCR confirmed SARS-CoV-2 

infection. However, this reflects management of suspected COVID-19 early in the UK pandemic, and in 

many other community and low resource hospital settings, where limited SARS-CoV-2 testing may 

necessitate early empirical treatment. Given the variation in PCR testing sensitivity, particularly if self-

administered by unwell older people in the community, some participants will have had false negative 

tests.33 SARS-CoV-2 positivity within PRINCIPLE has increased as the pandemic has progressed, and 

our findings were unchanged when restricted to the 51·2% participants with PCR confirmed infection. 

We conducted an open label study as rapidly generating a placebo for multiple trial interventions was not 

feasible, and our study is a pragmatic trial which aims to determine whether the addition of doxycycline 

to usual care was effective, rather than to compare doxycycline to placebo. While this could introduce 

potential for bias, any possible placebo effect on time to self-reported recovery would most likely have 

biased results towards benefit from doxycycline. As we did not observe any meaningful benefit, this is 

unlikely to have influenced our results.  

 

There was a relatively higher proportion of individuals who reported recovery on day one among those 

without a positive SARS-CoV-2 test. This may be an artifact of the recruitment and screening strategy 

that was implemented early on in the pandemic during 2020, when there were difficulties obtaining data 

to confirm eligibility from some general practices. This resulted in delays between trial screening and 

randomization for some participants, who then reported recovery sooner after randomisation. Subsequent 

improved screening processes enabled assessing eligibility for participation far more rapidly. The 

proportion differs between SARS-CoV-2 positive and negative/unknown participants due to the non-

availability of testing in the early months of the trial, before screening processes were improved.  These 

differences are taken account of in the primary analysis model which adjusts for temporal trends in time 

to recovery.  

 

We found a marginally higher hazard ratio favouring doxycycline among those with confirmed SARS-

CoV-2 infection and in the concurrent randomisation population, when compared to the primary analysis 

population which included people diagnosed on the basis of symptoms.  However, the estimated benefit 

in terms of time to recovery was around half a day for all study populations.  

 

In the main analysis, slightly more people were hospitalised in the doxycycline group, while in the SARS-

CoV-2   positive population, there were 1.2% fewer admission/deaths in the doxycycline group, with a 

low probability that doxycycline was superior on this outcome.  However, the hospitalisation analysis did 
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not account for temporal drift (in line with low event counts and the statistical analysis plan effective at 

time of the analysis), and the estimated difference of 1·2% may be overestimated, given increasing 

hospitalisation over the duration of the study. In the concurrent randomisation analysis, there was a 0.2% 

estimated difference in hospitalisations. 
 

The challenge of designing trials with relatively little information early in a novel pandemic has meant 

that it is not unusual to update key outcomes as new information emerges.24 Due to lower than expected 

hospitalisations and mortality in PRINCIPLE, and to allow measurement of effects on illness duration, 

the primary outcome was changed to a co-primary outcome of time to recovery, and COVID-19 related 

hospitalisation or death, analysed using a ‘gate-keeping’ approach. This change occurred before any 

interim analyses were performed. This approach, in which interventions that meet pre-specified futility 

criteria on time to recovery are stopped, assumes that interventions that lack benefit on time to recovery 

are unlikely to show a benefit on reducing COVID-19 hospitalisations and deaths. This enables the 

platform trial to cycle through multiple interventions using response adaptive randomisation, and increase 

the probability of achieving the trial objectives of identifying effective community treatments for 

COVID-19. 

 

Doxycycline has been recommended for COVID-19,8,9,34 particularly in people with pneumonia and those 

who are at higher risk of complications,10 and there is now evidence of increased use of respiratory 

antibiotics including doxycycline during the COVID-19 pandemic in both the United Kingdom and 

United States.14-17 Our study, conducted among older people and those with co-morbidities, with two 

thirds reporting shortness of breath at baseline, does not support the routine use of  doxycycline for 

suspected COVID-19 in the community in the absence of other indications such as  bacterial pneumonia. 

However, emerging evidence suggests bacterial co-infection in COVID-19 is uncommon,35 therefore 

doxycycline is unlikely to benefit most individuals with COVID-19 in developed countries. Wider use 

could lead to public health harms through increased antibiotic resistance.18 Further research into strategies 

to identify bacterial co-infection in the community are needed to allow targeted, appropriate use of 

antibiotics in COVID-19. 

   

In conclusion, in higher-risk patients with suspected COVID-19 in the community in the UK, treatment 

with doxycycline was not associated with meaningful reductions in time to recovery or hospital 

admission/death.  

 

Trial management group contributions 

CCB and FRDH had full access to all of the data in the study and take responsibility for the integrity of 

the data and the accuracy of the data analysis. CCB and FDRH decided to publish the paper. BS, NB, L-

MY, CCB, FDRH, SG, RD, JK, GH, OVH, OG, JD, GD, MJL contributed to trial design. SdeL, MA, 

MJL, PHE, NT and SH helped plan the trial. EO, HS, EB, JA, ST, NT, PHE, HR, SdeL, MP, JG, were 

responsible for acquisition of data. CCB, FDRH, LMY, BS, JD, GH, OVH and OG drafted the 

manuscript. BS, NB, L-MY, MD, MF, CS, and VH contributed to statistical analysis. DJ designed the 

information systems. JG led data management. All members of the PRINCIPLE writing group critically 

revised the manuscript. The members of the PRINCIPLE Trial Collaborative Group and their roles in the 

conduct of the trial are listed below.  

 

Conflict of Interest statement 

BS, MD, CS, MF and NB report grants from The University of Oxford, for the Sponsor's grant from the 

UK NIHR, for statistical design and analyses for the PRINCIPLE trial during the conduct of the study. 

RD reports grants and personal fees from Synairgen during the conduct of the study, personal fees from 

TEVA Pharmaceuticals, Sanofi, Boehringer, and Novartis outside the submitted and grants from the 

Innovative Medicines Initiative, the UK Medical Research Council and Novartis outside the submitted 



 

11 

 

work. FDRH reports grants from UKRI during the conduct of the study. OVH reports grants from UKRI 

outside the submitted work. All other authors have no competing interests to declare. 

 

Funding 

Funded by the National Institute of Health Research/ United Kingdom Research Innovation (MC PC 

19079). 

 

Acknowledgments 

We thank the patients who participated in this study. We also thank the many health, and social care 

professionals and who contributed. The PRINCIPLE trial platform is led from the Primary Care and 

Vaccines Collaborative Clinical Trials Unit at the University of Oxford’s Nuffield Department of Primary 

Care Health Sciences. PRINCIPLE is supported by a large network of care homes, pharmacies, NHS 111 

Hubs, hospitals, and 1,401 GP practices across England, Wales, Scotland, and Northern Ireland. The trial 

is integrated with the Oxford-Royal College of General Practitioners (RCGP) Research and Surveillance 

Centre (RSC) ORCHID digital platform and works closely with the NIHR Clinical Research 

Network, NHS DigiTrials, Public Health England, Health and Care Research Wales, NHS Research 

Scotland and the Health and Social Care Board in Northern Ireland. 

 

CCB acknowledges part support as Senior Investigator of the National Institute of Health Research, the 

NIHR Community Healthcare Medtech and In-Vitro Diagnostics Co-operative (MIC), and the NIHR 

Health Protection Research Unit on Health Care Associated Infections and Antimicrobial Resistance. 

FDRH acknowledges his part-funding from the National Institute for Health Research (NIHR) School for 

Primary Care Research, the NIHR Applied Research Collaboration (ARC) Oxford, the NIHR Oxford 

Biomedical Research Centre (BRC, UHT), and the NIHR Community Healthcare Medtech and In-Vitro 

Diagnostics Co-operative (MIC). JD and OG are funded by the Wellcome Trust PhD Programme for 

Primary Care Clinicians (216421/Z/19/Z and 203921/Z/16/Z respectively). For the purpose of Open 

Access, the author has applied a CC BY public copyright license to any Author Accepted Manuscript 

version arising from this submission. GH is funded by an NIHR Advanced Fellowship and by the NIHR 

Community Healthcare Medtech and In-Vitro Diagnostics Co-operative (MIC). 

 

Data Sharing 

Data can be shared with qualifying researchers who submit a proposal with a valuable research question 

as assessed by a committee formed from the TMG including senior statistical and clinical representation. 

A contract should be signed.  



 

12 

 

References  

1. Kim PS, Read SW, Fauci AS. Therapy for Early COVID-19: A Critical Need. JAMA 2020; 324(21): 
2149-50. 
2. Yates PA, Newman SA, Oshry LJ, Glassman RH, Leone AM, Reichel E. Doxycycline treatment of 
high-risk COVID-19-positive patients with comorbid pulmonary disease. Ther Adv Respir Dis 2020; 14: 
1753466620951053-. 
3. Malek AE, Granwehr BP, Kontoyiannis DP. Doxycycline as a potential partner of COVID-19 
therapies. IDCases 2020; 21: e00864-e. 
4. Gendrot M, Andreani J, Jardot P, et al. In Vitro Antiviral Activity of Doxycycline against SARS-
CoV-2. Molecules 2020; 25(21): 5064. 
5. Hoyt JC, Ballering J, Numanami H, Hayden JM, Robbins RA. Doxycycline Modulates Nitric Oxide 
Production in Murine Lung Epithelial Cells. The Journal of Immunology 2006; 176(1): 567-72. 
6. Kim H-S, Luo L, Pflugfelder SC, Li D-Q. Doxycycline Inhibits TGF-β1–Induced MMP-9 via Smad and 
MAPK Pathways in Human Corneal Epithelial Cells. Investigative Ophthalmology & Visual Science 2005; 
46(3): 840-8. 
7. Hsu AT, Barrett CD, DeBusk GM, et al. Kinetics and Role of Plasma Matrix Metalloproteinase-9 
Expression in Acute Lung Injury and the Acute Respiratory Distress Syndrome. Shock 2015; 44(2): 128-
36. 
8. Department of Information and Publicity Government of Goa. Home isolation monitoring kits for 
COVID-19 launched. 2020. https://www.goa.gov.in/wp-content/uploads/2020/10/Home-Isolation-
Monitoring-Kits-For-COVID-19-Launched.pdf (accessed February 19, 2021. 
9. Reuters. Aplicativo do Ministério da Saúde recomenda medicamentos sem eficácia comprovada 
para tratar Covid [Ministry of Health app recommends medications without proven efficay to treat 
COVID]. 2021. https://www.reuters.com/article/saude-covid-app-cloroquina-idLTAKBN29P29YFebruary 
19, 2021). 
10. National Institute for Health and Care Excellence (NICE). COVID-19 rapid guideline: managing 
suspected or confirmed pneumonia in adults in the community. 2020. 
https://www.nice.org.uk/guidance/ng165 (accessed 07 January 2021. 
11. Metlay JP, Waterer GW, Long AC, et al. Diagnosis and Treatment of Adults with Community-
acquired Pneumonia. An Official Clinical Practice Guideline of the American Thoracic Society and 
Infectious Diseases Society of America. American Journal of Respiratory and Critical Care Medicine 2019; 
200(7): e45-e67. 
12. COVID-19 Treatment Guidelines Panel. Coronavirus Disease 2019 (COVID-19) Treatment 
Guidelines. 03 February  2021 2020. https://www.covid19treatmentguidelines.nih.gov (accessed 08 
February 2021. 
13. World Health Organization. Clinical management of COVID-19: interim guidance. 2020. 
https://www.who.int/publications/i/item/clinical-management-of-covid-19 (accessed February 14, 
2021. 
14. Buehrle DJ, Nguyen MH, Wagener MM, Clancy CJ. Impact of the Coronavirus Disease 2019 
Pandemic on Outpatient Antibiotic Prescriptions in the United States. Open Forum Infectious Diseases 
2020; 7(12). 
15. Malcolm W, Seaton RA, Haddock G, et al. Impact of the COVID-19 pandemic on community 
antibiotic prescribing in Scotland. JAC-Antimicrobial Resistance 2020; 2(4). 
16. de Lusignan S, Joy M, Sherlock J, et al. PRINCIPLE trial demonstrates scope for in-pandemic 
improvement in primary care antibiotic stewardship. medRxiv 2021. 
17. Zhu N, Aylin P, Rawson T, Gilchrist M, Majeed A, Holmes A. Investigating the impact of COVID-19 
on primary care antibiotic prescribing in North West London across two epidemic waves. Clinical 
Microbiology and Infection 2021. 



 

13 

 

18. Antimicrobial resistance in the age of COVID-19. Nature Microbiology 2020; 5(6): 779-. 
19. Woodcock J, LaVange LM. Master Protocols to Study Multiple Therapies, Multiple Diseases, or 
Both. N Engl J Med 2017; 377(1): 62-70. 
20. National Health Service. Symptoms of coronavirus. 2021. 
https://www.nhs.uk/conditions/coronavirus-covid-19/symptoms/ (accessed 28 January 2021. 
21. The United Kingdom Government. Coronavirus (COVID-19) in the UK February 12, 2021 2020. 
https://coronavirus.data.gov.uk/ (accessed February 12, 2021. 
22. Verity R, Okell LC, Dorigatti I, et al. Estimates of the severity of coronavirus disease 2019: a 
model-based analysis. The Lancet Infectious Diseases 2020; 20(6): 669-77. 
23. Skipper CP, Pastick KA, Engen NW, et al. Hydroxychloroquine in Nonhospitalized Adults With 
Early COVID-19: A Randomized Trial. Ann Intern Med 2020. 
24. Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the Treatment of Covid-19 - Final Report. 
N Engl J Med 2020; 383(19): 1813-26. 
25. Topp CW, Østergaard SD, Søndergaard S, Bech P. The WHO-5 Well-Being Index: A Systematic 
Review of the Literature. Psychotherapy and Psychosomatics 2015; 84(3): 167-76. 
26. Little P, Stuart B, Moore M, et al. Amoxicillin for acute lower-respiratory-tract infection in 
primary care when pneumonia is not suspected: a 12-country, randomised, placebo-controlled trial. 
Lancet Infect Dis 2013; 13(2): 123-9. 
27. Dreyer SB, Jamieson NB, Cooke SL, et al. PRECISION-Panc: the Next Generation Therapeutic 
Development Platform for Pancreatic Cancer. Clin Oncol (R Coll Radiol) 2020; 32(1): 1-4. 
28. Remap-Cap Investigators, Gordon AC, Mouncey PR, et al. Interleukin-6 Receptor Antagonists in 
Critically Ill Patients with Covid-19. N Engl J Med 2021; 384(16): 1491-502. 
29. Buxton MB, Natsuhara K, DeMichele A, et al. Transforming the clinical trial process: The I-SPY 2 
trial as a model for improving the efficiency of clinical trials and accelerating the drug-screening process. 
Journal of Clinical Oncology 2014; 32(32). 
30. Angus DC, Alexander BM, Berry S, et al. Adaptive platform trials: definition, design, conduct and 
reporting considerations. Nature Reviews Drug Discovery 2019; 18(10): 797-807. 
31. Ahmed S, Karim MM, Ross AG, et al. A five-day course of ivermectin for the treatment of COVID-
19 may reduce the duration of illness. International Journal of Infectious Diseases 2021; 103: 214-6. 
32. Falcone M, Tiseo G, Barbieri G, et al. Role of Low-Molecular-Weight Heparin in Hospitalized 
Patients With Severe Acute Respiratory Syndrome Coronavirus 2 Pneumonia: A Prospective 
Observational Study. Open Forum Infectious Diseases 2020; 7(12). 
33. Woloshin S, Patel N, Kesselheim AS. False Negative Tests for SARS-CoV-2 Infection — Challenges 
and Implications. New England Journal of Medicine 2020; 383(6): e38. 
34. McCullough PA, Alexander PE, Armstrong R, et al. Multifaceted highly targeted sequential 
multidrug treatment of early ambulatory high-risk SARS-CoV-2 infection (COVID-19). Rev Cardiovasc 
Med 2020; 21(4): 517-30. 
35. Langford BJ, So M, Raybardhan S, et al. Bacterial co-infection and secondary infection in patients 
with COVID-19: a living rapid review and meta-analysis. Clinical Microbiology and Infection 2020; 26(12): 
1622-9. 

 

 

 

 

 



 

14 

 

Table 1  Baseline characteristics of all eligible, randomised participants by treatment group 

 Doxycycline 

(N=798) 

Usual Care 

(N=994) 

Total 

(N=1792) 

Age (year), mean(SD)  61·3 (7·7) 60·9 (7·9) 61·1 (7·9) 
Greater than or equal to 65 years 303 (38·0%) 359 (36·1%)  

Less than 65 years 495 (62·0%) 635 (63·9%)  
Sex, n(%)    

Female 439 (55·0%) 560 (56·3%) 999 (55·7%) 

Male 358 (44·9%) 432 (43·5%) 790 (44·1%) 
Missing, n(%) 1 (0·1%) 2 (0·2%) 3 (0·2%) 

Ethnicity*, n(%)    

White 739 (92·6%) 820 (82·5%) 1559 (87·0%) 
Mixed background 8 (1·0%) 22 (2·2%) 30 (1·7%) 

South Asian 43 (5·4%) 45 (4·5%) 88 (4·9%) 

Black 6 (0·8%) 5 (0·5%) 11 (0·6%) 
Other 2 (0·3%) 10 (1·0%) 12 (0·7%) 

Missing, n(%) 0 (0·0%) 92 (9·3%) 92 (5·1%) 

Index of multiple deprivation quintile    
(Most deprived) 1  183 (22·9%) 241 (24·3%) 424 (23·7%) 

 2 152 (19·1%) 190 (19·1%) 342 (19·1%) 

 3 159 (19·9%) 189 (19·0%) 348 (19·4%) 
 4 154 (19·3%) 196 (19·7%) 350 (19·5%) 

(Least deprived) 5  149 (18·7%) 176 (17·7%) 325 (18·1%) 

Missing 1 (0·1%) 2 (0·2%) 3 (0·2%) 
Duration of illness prior to randomisation (days), median 

(interquartile range)  

6 (4 - 9) 6 (4 – 9) 6·0 (4·0 – 9·0) 

Smoking status, n(%)    
Current smoker 74 (9·3%) 125 (12·6%) 199 (11·1%) 

Former smoker 309 (38·7%) 367 (36·9%) 676 (37·7%) 

Never smoker 404 (50·6%) 476 (47·9%) 880 (49·1%) 
Missing, n(%) 11 (1·4%) 26 (2·6%) 37 (2·1%) 

Swab result, n(%)    

Negative 293 (36·7%) 460 (46·3%) 753 (42·0%) 
Positive 442 (55·4%) 349 (35·1%) 791 (44·1%) 

No result 9 (1·1%) 7 (0·7%) 16 (0·9%) 

Not available, n(%) 54 (6·8%) 178 (17·9%) 232 (12·9%) 
Comorbidity, n(%) 697 (87·3%) 866 (87·1%) 1563 (87·2%) 

Comorbidities    

 Asthma, COPD or lung disease, n(%) 304 (38·1%) 364 (36·6%) 668 (37·3%) 
 Diabetes, n(%) 134 (16·8%) 188 (18·9%) 322 (18·0%) 

 Heart problems†, n(%) 107 (13·4%) 148 (14·9%) 255 (14·2%) 

 High blood pressure required medication, n(%) 318 (39·8%) 425 (42·8%) 743 (41·5%) 
 Liver disease, n(%) 18 (2·3%) 24 (2·4%) 42 (2·3%) 

 Stroke or other neurological problem, n(%) 53 (6·6%) 58 (5·8%) 111 (6·2%) 

Taking ACE inhibitor‡, n(%) 163 (20·4%) 204 (20·5%) 367 (20·5%) 

Baseline symptoms    

 Fever, n(%)    

No problem 377 (47·2%) 432 (43·5%) 809 (45·1%) 
Minor problem 247 (31·0%) 339 (34·1%) 586 (32·7%) 

Moderate problem 156 (19·5%) 198 (19·9%) 354 (19·8%) 

Major problem 18 (2·3%) 25 (2·5%) 43 (2·4%) 
 Cough, n(%)    

No problem 162 (20·3%) 170 (17·1%) 332 (18·5%) 

Minor problem 320 (40·1%) 393 (39·5%) 713 (39·8%) 
Moderate problem 275 (34·5%) 371 (37·3%) 646 (36·0%) 

Major problem 41 (5·1%) 60 (6·0%) 101 (5·6%) 

 Shortness of breath, n(%)    
No problem 339 (42·5%) 327 (32·9%) 666 (37·2%) 

Minor problem 303 (38·0%) 431 (43·4%) 734 (41·0%) 
Moderate problem 134 (16·8%) 213 (21·4%) 347 (19·4%) 

Major problem 22 (2·8%) 23 (2·3%) 45 (2·5%) 

 Muscle ache, n(%)    
No problem 246 (30·8%) 298 (30·0%) 544 (30·4%) 

Minor problem 294 (36·8%) 376 (37·8%) 670 (37·4%) 

Moderate problem 203 (25·4%) 238 (23·9%) 441 (24·6%) 
Major problem 55 (6·9%) 82 (8·2%) 137 (7·6%) 

 Nausea, n(%)    

No problem 604 (75·7%) 743 (74·7%) 1347 (75·2%) 
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 Doxycycline 

(N=798) 

Usual Care 

(N=994) 

Total 

(N=1792) 

Minor problem 138 (17·3%) 205 (20·6%) 343 (19·1%) 

Moderate problem 45 (5·6%) 38 (3·8%) 83 (4·6%) 
Major problem 11 (1·4%) 8 (0·8%) 19 (1·1%) 

 Feeling generally unwell (malaise), n(%)    

No problem 60 (7·5%) 52 (5·2%) 112 (6·3%) 
Minor problem 357 (44·7%) 333 (33·5%) 690 (38·5%) 

Moderate problem 322 (40·4%) 321 (32·3%) 643 (35·9%) 

Major problem 59 (7·4%) 61 (6·1%) 120 (6·7%) 
 Diarrhoea, n(%)    

No problem 598 (74·9%) 577 (58·0%) 1175 (65·6%) 

Minor problem 150 (18·8%) 134 (13·5%) 284 (15·8%) 
Moderate problem 39 (4·9%) 44 (4·4%) 83 (4·6%) 

Major problem 11 (1·4%) 12 (1·2%) 23 (1·3%) 

Taken antibiotics since illness started, n(%) 14 (1·8%) 41 (4·1%) 55 (3·1%) 
Use of any healthcare services    

GP, n(%) 185 (23·2%) 279 (28·1%) 464 (25·9%) 

Other primary care services, n(%) 35 (4·4%) 66 (6·6%) 101 (5·6%) 
NHS 111, n(%) 106 (13·3%) 179 (18·0%) 285 (15·9%) 

A&E, n(%) 8 (1·0%) 14 (1·4%) 22 (1·2%) 

Other healthcare services, n(%) 13 (1·6%) 30 (3·0%) 43 (2·4%) 
Well-being (WHO5 Questionnaire)§, mean(SD) 53·3 (24·6) 49·5 (24·5) 51·2 (24·6) 

Missing, n(%) 0 (0·0%) 24 (1·3%) 24 (1·3%) 

* Data on ethnicity were collected retrospectively via notes review before July 2020 
† E.g. angina, heart attack, heart failure, atrial fibrillation, valve problems 

‡ Such as Ramipril, Lisinopril, Perindopril, Captopril or Enalapril 

§ Well-being is measured using the WHO well-being index which includes 5 items relating to well-being measured on a five point scale. A total 
score is computed by summing the scores to the five individual questions to give a raw score ranging from 0 to 25 which is then multiplied by 4 to 

give the final score from 0 representing the worst imaginable well-being to 100 representing the best imaginable well-being. 
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Table 2:  Primary and Secondary Outcomes 

   Doxycycline Usual Care Estimated benefit Median 

TTR/Hosp rate (95% BCI) 

Hazard Ratio/ 

Odds Ratio 

(95% BCI) 

Pr(Meaningful 

effect) 

Pr(Superiority) 

Model-based Estimates, Primary outcomes (Primary analysis population)       

 Time to first reported recovery (days) 9.6 (8.3, 11.0)* 10.1 (8.7, 11.7)* 0·50 (-0·99 – 2·04)* 1.04 (0.93,1.17)* 0·10* 0·74* 

 Hospitalisation/death at 28 days, n (%) 5.1% (3.6%, 6.8%)† 4.6% (3.4%, 6.1%) -0·5% (-2·6% – 1·4%)† 1.13 (0.73, 1.74)† 0·005† 0·30† 
Model-based Estimates, Primary outcomes (SARS-CoV-2 positive analysis 

population)  

      

 Time to first reported recovery, median (IQR) 11.8 (10.3, 13.7)* 12.5 (10.8, 14.8)* 0·70 (-1·45 – 3·03)* 1.05 (0.90,1.24)* 0·24* 0·74* 
 Hospitalisation/death at 28 days, n (%) 8.0% (5.7%, 10.8%)† 9.2% (6.6%, 12.6%)† 1·2% (-2·7% – 5·2%)† 0.85 (0.52, 1.42)† 0·35† 0·73† 

       

 Secondary outcomes‡ Doxycycline Usual Care Estimated treatment effect 

(95% CI) 

 P-value  

Sustained recovery, n/N (%) 502/780 (64·4%) 396/644 (61·5%)     

Time to sustained recovery, median (IQR) 22 (9, - ) 22 (8, -) 1·00 (0·88 – 1·14)§  0·96  
Alleviation of all symptom, n/N (%) 618/671 (92%) 522/551 (94·7%)     

Time to alleviation of all symptom, median (IQR) 3 (2, 7) 3 (1, 8) 0·96 (0·86 – 1·09)§  0·55  

Sustained alleviation of all symptom, n/N (%) 542/648 (83·6%) 428/515 (83·1%)     
Time to sustained alleviation of all symptom, median (IQR) 8 (3 – 23) 10(3 – 23) 1·03 (0·90 – 1·17)§  0·68  

Initial reduction of severity of symptom, n/N (%) 701/780 (89·9%) 572/644 (88·8%)     

Time to initial reduction of severity of symptom, median (IQR) 5 (1 – 12) 4 (1 – 11) 0·99 (0·88 – 1·11)§  0·84  
Rating of how well participant feels (1 worst, 10 best), mean (SD) [n]       

 Day 7 7·1 (1·9) [757] 7·0 (1·9) [636] 0·05 (-0·16  –  0·25)ll  0·66  

 Day 14 7·8 (1·7) [752] 7·7 (1·7) [632] 0·06 (-0·16  –  0·28)ll  0·58  
 Day 21 8·1 (1·6) [689] 8·0 (1·6) [566] 0·00 (-0·25  –  0·25)ll  0·99  

 Day 28 8·3 (1·5) [754] 8·3 (1·5) [629] -0·06 (-0·34  –  0·22)ll  0·69  

Well-being (WHO5 Questionnaire), mean (SD)[n]       
 Day 14 45·4 (24·1) [738] 44·3 (23·9) [616] 0·20 (-2·06  –  2·45)ll  0·86  

 Day 28 54·5 (23·2) [737] 53·8 (23·7) [605] 0·01 (-2·25  –  2·28)ll  0·99  

Self-reported contact with ≥1 healthcare service 381/773 (49·3%) 314/642 (48·9%) 1·04 (0·84  –  1·29)¶  0·72  
GP reported contact with ≥1 healthcare service 203/381 (53·3%) 181/345 (52·5%) 0·99 (0·73  –  1·34)¶  0·96  

Prescription of antibiotics 18/341 (5·3%) 20/306 (6·5%) 0·81 (0·44  –  1·50)**  0·51  

Hospital assessment without admission 8/767 (1·0%) 11/628 (1·8%) 0·60 (0·24  –  1·47)**  0·35  
Oxygen Administration 24/757 (3·2%) 20/621 (3·2%) 0·98 (0·55  –  1·76)**  >0·99  

Mechanical ventilation 3/757 (0·4%) 5/621 (0·8%) 0·49 (0·12  –  2·05)**  0·48  

ICU admission 4/755 (0·5%) 6/620 (1·0%) 0·55 (0·16  –  1·93)**  0·36  

* Model-based estimates median time to first reported recovery (95% Bayesian credible interval). Estimated benefit in median time to recovery derived from a Bayesian piecewise exponential model adjusted for age 

and comorbidity at baseline, with 95% Bayesian credible interval. A positive value in estimated benefit in median time to recovery (or HR > 1) corresponds to a reduction in time to recovery in days in doxycycline 

compared to Usual Care. Pr(Meaningful effect) is the model-based estimated probability that the benefit in median time to recovery compared to Usual Care is at least 1·5 days. Pr(Superiority) is the probability of 
superiority and treatment superiority is declared if Pr(superiority) ≥ 0.99 versus usual care. 

† Model-based estimates percentage of hospitalisation/death at 28 days (95% Bayesian credible interval). Estimated benefit, expressed as difference percentage, in hospitalisation/death is derived from a Bayesian 

logistic regression model adjusted for age and comorbidity at baseline, with 95% Bayesian credible interval. A positive value in the estimated difference percentage (or OR < 1) favours doxycycline.  Pr(Meaningful 
effect) is the model-based estimated probability that the benefit in hospitalisation/death compared to Usual Care is at least 2%. Pr(Superiority) is the probability of superiority and treatment superiority is declared if 

Pr(superiority) ≥ 0·975 versus usual care 

‡ All secondary outcome analyses were conducted on the concurrent randomisation analysis population, but restricted to those in the doxycycline and usual care group only. 

§ Estimated hazard ratio derived from a Cox proportional hazard model adjusted for age, comorbidity at baseline, duration of illness, and eligible for doxycycline at baseline, with 95% confidence interval.  
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ll Mixed effect model adjusting age, comorbidity, duration of illness, eligible for doxycycline at baseline, and time. Participant was fitted as a random effect. WHO well-being score was also adjusted for the score at 
baseline 

¶ Relative risk adjusted for age, comorbidity at baseline, duration of illness, and eligible for doxycycline at baseline 

** Unadjusted relative risk due to low event rate.  



 

18 

 

PRINCIPLE TRIAL COLLABORATIVE GROUP 

 

Principle Trial Management Group  
Julie Allen1, Monique Andersson2, Nick Berry3, Emily Bongard1, Aleksandra Borek1, Christopher C 

Butler1 (Chair), Simon de Lusignan1, Jienchi Dorward1,4, Philip H Evans5,6, Filipa Ferreira1, 

Oghenekome Gbinigie1, Jenna Grabey1, Gail Hayward1, FD Richard Hobbs1, Susan Hopkins7, David 

Judge1, Mona Koshkouei1, Martin J Llewelyn8, Emma Ogburn1, Mahendra G Patel9, Dan Richards-

Doran1, Heather Rutter1, Benjamin R Saville2,10, Hannah Swayze1, Nicholas PB Thomas5,11, Manasa 

Tripathy1, Sarah Tonkin-Crine1,12, Sharon Tonner1, Oliver Van Hecke1, Ly-Mee Yu1 

 

Trial Management Group affiliations 
1. Nuffield Department of Primary Care Health Sciences, University of Oxford, Oxford, UK 

2. Department of Microbiology, Oxford University Hospitals NHS Trust, Oxford, UK 

3. Berry Consultants, Texas, USA,  

4. Centre for the AIDS Programme of Research in South Africa (CAPRISA), University of 

KwaZulu–Natal, Durban, South Africa 

5. National Institute for Health Research, Clinical Research Network 

6. College of Medicine and Health, University of Exeter 

7. Public Health England, London, UK 

8. Brighton and Sussex Medical School, University of Sussex, Brighton, UK 

9. School of Pharmacy and Medical Sciences, University of Bradford, Bradford, UK  

10. Department of Biostatistics, Vanderbilt University School of Medicine, Tennessee, USA 

11. Royal College of General Practitioners, London, UK  

12. National Institute for Health Protection Research Unit in Healthcare Associated Infections and 

Antimicrobial Resistance, Oxford, UK  

 

Statistical Analysis Committee 

Nick Berry, Michelle Detry (Chair), Christina Saunders, Mark Fitzgerald 
 

 

Principle Trial Coordinating Office 

 

Co-Study Leads: CC Butler, FDR Hobbs  

 

Trial management: E Ogburn (coordinator), H Swayze, E Bongard, J Allen, S Tonner, R 

Edeson, J Brooks, R Edwards, N Maeder, S Barrett, S Brann, A Maloney, K Dempster, J de 

Henau, J Robinson, N Begum 

 

Clinical Team: H Rutter (Coordinator), K Madronal, B Mundy, B Ianson, I Noel, B 

Thompson, O Gbinigie, J Dorward, G Hayward, O van Hecke, N Jones, H van der 

Westhuizen, K Kotze 

 

Data and Programming Team: D Judge, J Grabey, L Castello, D Watt, R Zhao 

 

Statistics: B Saville, L-M Yu, N Berry, M Detry, V Harris, C Saunders, M Fitzgerald, J 

Mollison, U Galal 

 
Oxford-Royal College of General Practitioner’s Research and Surveillance Centre: S de Lusignan 

(coordinator) M Tripathy, F Ferreira 

 



 

19 

 

National Institute for Health Research Clinical Research Network Coordinating Centre:  

PH Evans, NPB Thomas, H Collins, Katherine Priddis, Lydia Owen, Kate Hannaby, Ben 

Drew 

 

Trial Steering Committee 

Carol Green, Phil Hannaford, Paul Little (Chair), Tim Mustill, Matthew Sydes 

 

Data Monitoring and Safety Committee 

Deborah Ashby (Chair), Nick Francis, Simon Gates, Gordon Taylor, Patrick White 

 

 

 

 


