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• Corona: many are exposed; some become infected, some 
become infectious, some have symptoms 

• Not many get very sick; but many of those who do get sick die or 
suffer permanent harm 

• Tests are very unreliable 

• Symptoms are very unspecific 

• Hydroxychloroquine, with azithromycine and Zinc, might be a 
useful prophylactic 

• There exists a plausible biochemical explanation

HCQ + AZM + Zn as preventive treatment
(HCQ cocktail as prophylaxis)
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• Suppose 50% who go to their doctor because fear they are exposed and have some symptoms 
don’t actually have Covid-19 

• Suppose 75% of remainder will have mild episode of sickness & completely recover in few weeks 

• So, only 1 in 8 is going to get seriously ill 

• Suppose HCQ+ prophylactic treatment could halve that to 1 in 16 

• Then question is: p1 = p2 = 1/8; or p1 = 1/8, p2 = 1/16 ? 

• Suppose n = 2^11 = 2048 

• Then in control group expect 2^7 = 128 –ve outcomes, in treatment group either 2^7 = 128  or 2^6 = 64 

• Square roots of observed numbers approx N(11.3,  1/4) and N(11.3, 1/4), or N(11.3, 1/4) and N(8, 1/4) 

• Difference of square roots very approx N(0, 1/2), or N(3.3, 1/2) 

• Root 2 times difference of square roots very approx N(0, 1) or N(4.7, 1) 

• Have a very good chance of observing right answer, whatever it is!  

• 4x smaller sample (n = 512) is some use, but not conclusive: N(0, 1) or N(2.34, 1) .  

• 4x smaller sample still (n = 128) is pretty useless: N(0, 1) or N(1.17, 1).

Back of envelope power calculation
Why we still don’t know
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• First publicised “trials” had n ≈ 40 

• Spectacular positive results 

• Politics: Macron, Trump, the alt-right (Corona deniers and anti-
vaxers ) 

• Fish pond cleaning fluid and a witch doctor from the 
Cameroons, conspiracy theorists and the interests of Big 
Pharma, distrust of models and science, ...

Two early publicised observational studies
Marseilles; Meijel
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• Philippe Gautret, Jean-Christophe Lagier, Philippe Parola, 
Hoang Van Thuan, Line Meddeb, Morgane Mailhe, Barbara 
Doudier, Johan Courjone, Valérie Giordanengo, Vera Esteves 
Vieira, Hervé Tissot Dupont, Stéphane Honoré, Philippe Colson, 
Eric Chabrière, Bernard La Scola, Jean-Marc Rolain, Philippe 
Brouqui, Didier Raoult  

• International Journal of Antimicrobial Agents 56 (1) 2020, 105949 (6pp.) 

• Hydroxychloroquine and azithromycin as a treatment of 
COVID-19: results of an open-label non-randomized clinical trial 

• https://doi.org/10.1016/j.ijantimicag.2020.105949

Marseilles
https://rpubs.com/gill1109/raoult
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4 P. Gautret, J.-C. Lagier and P. Parola et al. / International Journal of Antimicrobial Agents 56 (2020) 105949 
Table 2 
Proportion of patients with virological cure (negative nasopharyngeal PCR) by day, in COVID-19 patients treated with hydroxychloroquine and in COVID-19 control patients. 

Day3 post inclusion Day4 post inclusion Day5 post inclusion Day6 post inclusion 
Number of 
negative 
patients/total 
number of 
patients 

% p-value Number of 
negative 
patients/total 
number of 
patients 

% p-value Number of 
negative 
patients/total 
number of 
patients 

% p-value Number of 
negative 
patients/total 
number of 
patients 

% p-value 

Hydroxychloroquine 
treated patients 
(N = 20) 

10/20 50.0 0.005 12/20 60.0 0.04 13/20 65.0 0.006 14/20 70.0 0.001 
Control patients 
(N = 16) 1/16 6.3 4/16 25.0 3/16 18.8 2/16 12.5 

a control patients from centers other than Marseille did not undergo daily sampling, but were sampled every other day in most cases, they were considered positive for 
PCR when actually positive the day(s) before and the day(s) after the day(s) with missing data. 
Table 3 
Proportion of patients with virological cure (negative nasopharyngeal PCR) by day, in COVID-19 patients treated with hydroxychloroquine only, in COVID-19 patients treated 
with hydroxychloroquine and azithromycin combination, and in COVID-19 control patients. 

Day3 post inclusion Day4 post inclusion Day5 post inclusion Day6 post inclusion 
Number of 
negative 
patients/total 
number of 
patients 

% p-value Number of 
negative 
patients/total 
number of 
patients 

% p-value Number of 
negative 
patients/total 
number of 
patients 

% p-value Number of 
negative 
patients/total 
number of 
patients 

% p-value 

Control patients 1/16 6.3 0.002 4/16 25.0 0.05 3/16 18.8 0.002 2/16 12.5 < 0.001 
Hydroxychloroquine 
treatment only 5/14 35.7 7/14 50.0 7/14 50.0 8/14 57.1 
Hydroxychloroquine 
and azithromycin 
combined treatment 

5/6 83.3 5/6 83.3 6/6 100 6/6 100 

Fig. 1. Percentage of patients with PCR-positive nasopharyngeal samples from inclusion to day6 post-inclusion in COVID-19 patients treated with hydroxychloroquine and in 
COVID-19 control patients. 
These results are summarized in Figs. 1 and 2 . Drug effect was sig- 
nificantly higher in patients with symptoms of URTI and LRTI, as 
compared to asymptomatic patients with p < 0.05 (data not shown). 

Of note, one patient who was still PCR-positive at day6- 
post inclusion under hydroxychloroquine treatment only, received 

azithromycin in addition to hydroxychloroquine at day8-post inclu- 
sion and cured her infection at day-9 post inclusion. In contrast, 
one of the patients under hydroxychloroquine and azithromycin 
combination who tested negative at day6 post-inclusion was tested 
positive at low titer at day8 post-inclusion. 
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Fig. 1. Percentage of patients with PCR-positive nasopharyngeal samples from inclusion to day6 post-inclusion in COVID-19 patients treated with hydroxychloroquine and in 
COVID-19 control patients. 
These results are summarized in Figs. 1 and 2 . Drug effect was sig- 
nificantly higher in patients with symptoms of URTI and LRTI, as 
compared to asymptomatic patients with p < 0.05 (data not shown). 

Of note, one patient who was still PCR-positive at day6- 
post inclusion under hydroxychloroquine treatment only, received 

azithromycin in addition to hydroxychloroquine at day8-post inclu- 
sion and cured her infection at day-9 post inclusion. In contrast, 
one of the patients under hydroxychloroquine and azithromycin 
combination who tested negative at day6 post-inclusion was tested 
positive at low titer at day8 post-inclusion. 

n = 36

–  –7

p-value: one pro mille

Gautret et al.(2000) 
https://doi.org/10.1016/j.ijantimicag.2020.105949

https://doi.org/10.1016/j.ijantimicag.2020.105949


Marseilles
ITT analysis, endpoint = disease free after 6 days

          good outcome bad outcome

treatment 15 11

control   2 14

##  Fisher's Exact Test for Count Data
## 
## data:  numbers
## p-value = 0.004491
## alternative hypothesis: true odds ratio is not equal to 1
## 95 percent confidence interval:
##   1.575364 98.091226
## sample estimates:
## odds ratio 
##   9.031585

n = 42

– –8

p-value: one half of 1 percent

Barnard’s unconditional test: almost the same

https://rpubs.com/gill1109/raoult

https://rpubs.com/gill1109/raoult


## Bayesian A/B Test Results:
## 
##  Bayes Factors:
## 
##  BF10: 11.61384
##  BF+0: 23.77204
##  BF-0: 0.1589173
## 
##  Prior Probabilities Hypotheses:
## 
##  H+: 0.25
##  H-: 0.25
##  H0: 0.5
## 
##  Posterior Probabilities Hypotheses:
## 
##  H+: 0.9167
##  H-: 0.0061
##  H0: 0.0771

Left: prior; right: posterior 
A posteriori, still 8% chance of no group *difference* at all!

Bayesian analysis (“slab and slice prior”; JASP package)

Prior and posterior, 
both conditional on inequality

n = 42
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 https://www.math.leidenuniv.nl/~gill/raoultJASP.html

NB: A *difference* is not necessarily a *treatment effect*

https://www.math.leidenuniv.nl/~gill/raoultJASP.html
https://www.math.leidenuniv.nl/~gill/raoultJASP.html


• Dutch family doctor Elens first had 25 patients whom he gave 
the then standard treatment: 12 of 25 died. 

• He gave the next 10 chloroquine: all 10 recovered. 

• He was then ordered to stop that treatment.  

• His next patient (no chloroquine) ... died.  

• And so his story was reported in the media 

• Internet petition, demonstrations, …

Meijel
https://rpubs.com/gill1109/elens
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##  Fisher's Exact Test for Count Data
## 
## data:  numbers
## p-value = 0.005848
## alternative hypothesis: true odds ratio is not equal to 1
## 95 percent confidence interval:
##  1.720653      Inf
## sample estimates:
## odds ratio 
##        Inf

## Bayesian A/B Test Results:
## 
##  Bayes Factors:
## 
##  BF10: 6.997186
##  BF+0: 14.27489
##  BF-0: 0.1953377
## 
##  Prior Probabilities Hypotheses:
## 
##  H+: 0.25
##  H-: 0.25
##  H0: 0.5
## 
##  Posterior Probabilities Hypotheses:
## 
##  H+: 0.8667
##  H-: 0.0119
##  H0: 0.1214

n = 40

–  –11

Left: prior; right: posterior 
A posteriori, still 12% chance of no group difference at all!

https://rpubs.com/gill1109/elens

https://rpubs.com/gill1109/elens


• Age [effect is very nonlinear] 

• Sex [certainly has interaction with most other variables] 

• Various comorbidities (“existing conditions”) 

• Severity and duration of various symptoms 

• Ethnicity? 

• Air pollution? 

• Bloodgroup! 

• Earlier exposure to similar virus infections?

Confounders
Known confounders
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• n ≈ 40, p ≈ 40++ 

• Age, sex, comorbidities, symptoms 

• What we now know: your chance of death from Covid-19 this 
year is very similar to your chance of death from natural causes 

• Risk groups: the old, the sick, obese, diabetics, Alzheimer 
patients, poor, financially insecure, ... , some ethnic 
minorities, ... 

• [Those who come in close contact with many sick people]

Marseilles; Meijel
Two much too small but very influential early studies
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• Marseilles and Nice: observational study of patients at two 
different clinics 

• “Treatment” confounded with “clinic” 

• Noncompliance (6 patients “dropped out”) 

• Published analysis (Fisher exact test; some comparison of some 
covariates — sex, age [t-test], …) — did not control for 
covariates and did not use ITT (intention to treat) principle

Marseilles (and Nice)
Gautret ... Hoang ... Raoult (2020)
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• GP and “orthomolecular doctor” Rob Elens was early adopter of 
HCQ. But forbidden from giving it at some point. So treatment 
was determined exogenously! 

• Still, his groups are unbalanced regarding age and sex, and 
anyway, “time” may also be a confounder

Meijel
A small town between Eindhoven and Venlo in the South of the Netherlands
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• With perfect matching we could have “identical twins” with 
either both the same outcome [usually good], or a small number 
with HCQ has good outcome, without HCQ has bad outcome.  

• If HCQ works then: 1 in 16 twins could be like that. 7 in 8 twins, 
both have a good outcome. 1 in 16 twins, both have a bad 
outcome. 

• If HCQ doesn’t work, then: 7 in 8 twins both good outcome, 1 in 8 
both have bad outcome. 

• 20 twins would not be enough but 200 twins would start to 
provide pretty convincing evidence.

Why controlling for confounders can help
Perfect matching
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• Fisher exact test gives highly significant group difference, p= 
0.005 [NB: I deliberately do not say “treatment effect”] 

• Odds ratio is estimated to be about 10 in favour of HCQ 

• Bayesian analysis with slab and spike prior gives much milder 
conclusion 

• With prior of 50% “no difference”, 50% uninformative prior on 
log odds ratio, the posterior probability of “no difference” is still 
about 5%. The remaining posterior probability says “HCQ group 
does better”, but size of improvement could well be much less 
than m.l.e.

Results with Marseilles, Meijel data
Two studies with n ≈ 40
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• Crazy coefficients with huge standard errors or even breakdown because “perfect fit”, ie 
log odds ratios diverging 

• Lasso (model selection) throws away all covariates except either sex or treatment! 

• Not enough data to validate model selection by sample splitting 

• Spline curve for effect of age gives nice looking results - from age 20 to 55 about flat, 
sharply rising from 55 to 95; but cannot fit age and sex and treatment, let alone age/sex 
interaction … 

• Some other end-points (e.g. Cox regression for duration of hospitalisation) gave even 
worse/crazier results. 

• Nicely, however, leaving out some extremely young and extremely old patients did not 
alter Meijel results 

• ITT analysis did not alter Marseilles results 

• Meijel and Marseilles results are very similar

Logistic regression with end-point “Covid-19 free” after 7 days

Covariates: age (linear), sex, #comorbidities, #symptoms
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• Use e.g. standard life-insurance tables to combine age, sex and 
comorbidities to one “Corona effective age” 

• Use results of other studies aimed at different treatments to give 
one index of severity/progression of Corona infection 

• Now we have n ≈ 40, one treatment variable, and two 
continuous covariates. Discretise or, better, use splines. We can 
bring p down to ca. 10 before testing the effect of treatment

Idea
Cf: deep learning: a neural net shouldn’t have to be taught the laws of physics every time anew. Once is enough.
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• To be written: work in progress, very promising!!!

Dipro Mondal’s results
To be written
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• We badly need a big RCT with n at least 1000 

• We have by now learnt a great deal: we have decent measure of 
“general health status” (taking account of age, sex, 
comorbidities); and we have decent measures of severity of 
Covid-19 symptoms 

• Lesson from “deep learning”: we don’t *have* to learn the 
separate effects of each of those separate components again; we 
only need two (continuous) covariates, and treatment indicator 

• Medical doctors must learn not to fear statisticians – both sides 
need to get their act together!

Conclusions
Summary
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• Latest research 

• An RCT and an analysis of Zelenko’s data 

• Dr Fauci, Trump, … 

• The latest news (infection rate, hospitalisation rate, death rate, 
long term Covid…; HCQ findings from Isala hospital, Zwolle

Epilogue
and gallery…
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Stella Immanuel Didier Raoult

Rob ElensVladimir Zelenko
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https://clinicaltrials.gov/ct2/show/NCT04358068

–  –24

A failed trial

https://clinicaltrials.gov/ct2/show/NCT04358068


https://www.niaid.nih.gov/news-events/bulletin-nih-clinical-trial-evaluating-hydroxychloroquine-and-azithromycin-covid-19
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A failed trial

https://www.niaid.nih.gov/news-events/bulletin-nih-clinical-trial-evaluating-hydroxychloroquine-and-azithromycin-covid-19


Dr Fauci chooses his words carefully 
(but not completely honestly): 

On Wednesday [29 July] Dr Anthony Fauci, a leading member of the White House 
coronavirus task force, told the BBC that hydroxychloroquine was not effective against the 
virus. 

"We know that every single good study – and by good study I mean randomised control 
study in which the data are firm and believable – has shown that hydroxychloroquine is not 
effective in the treatment of Covid-19," he said. 

Last month, the US Food and Drug Administration (FDA) cautioned against using the drug 
to treat coronavirus patients, following reports of "serious heart rhythm problems" and other 
health issues. 

The FDA also revoked its emergency-use authorisation for the drug to treat Covid-19. The 
World Health Organization (WHO) says "there is currently no proof" that it is effective as a 
treatment or prevents Covid-19. –  –26



https://academic.oup.com/aje/article/doi/10.1093/aje/kwaa093/5847586

–  –27

Counter arguments

https://academic.oup.com/aje/article/doi/10.1093/aje/kwaa093/5847586


https://www.preprints.org/manuscript/202007.0025/v1
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Zelenko’s data

https://www.preprints.org/manuscript/202007.0025/v1


https://www.nejm.org/doi/full/10.1056/NEJMoa2016638
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No AZM, ZnAn inconclusive trial

https://www.nejm.org/doi/full/10.1056/NEJMoa2016638


https://clinicaltrials.gov/ct2/show/NCT04370782

– –30

A sensible trial

https://clinicaltrials.gov/ct2/show/NCT04370782
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https://www.isala.nl/nieuws/hydroxychloroquine-wel-effectief-tegen-corona/

https://www.isala.nl/nieuws/hydroxychloroquine-wel-effectief-tegen-corona/
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