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Abstract 

Background: While vaccines have taken center stage in the battle against COVID-19, alternate 

approaches for prevention of SARS-CoV-2 infection have been ignored.  

Methods: We analyzed ten nonrandomized controlled trials of hydroxychloroquine (HCQ) pre-

exposure prophylaxis (PrEP) involving 4,909 healthcare workers (HCWs) in India. We used 

random-effects meta-analysis to summarize infection risk ratios across the studies. 

Results: Weekly HCQ PrEP taken for any length of time significantly reduced SARS-CoV-2 

infection (risk ratio 0.56, 95% CI 0.37-0.83, P=.0040), while weekly HCQ PrEP taken for six 

weeks or more in a subset of 2,255 HCWs produced an even greater reduction in SARS-CoV-2 

infection (risk ratio 0.21, 95% CI 0.06-0.67, P=.0088). The weekly HCQ PrEP regimen was well 

tolerated in all studies. 

Conclusions: Weekly HCQ PrEP appeared to be effective for prevention of COVID-19 in high-

risk HCWs from India. Further studies are warranted of HCQ PrEP to supplement vaccines in the 

prevention of COVID-19. 

  



Introduction 

To date, the COVID-19 pandemic has resulted in more than 169 million registered cases of 

SARS-CoV-2 infection and more than 3.5 million deaths world-wide.1 Although novel COVID-

19 vaccines have become clinically available, the efficacy and long-term safety of these vaccines 

remain uncertain, particularly in population subgroups, and their availability in resource-poor 

countries may be limited.2,3 Alternate approaches for prevention of disease have received little 

attention, and one medication, hydroxychloroquine (HCQ), has been attacked and dismissed 

based on flawed studies and political controversy that obscured the potential value of this 

treatment as pre-exposure prophylaxis (PrEP) for SARS-CoV-2 infection.4 

 

A British study of 120,075 healthcare workers (HCWs) found that these subjects had a 7-8-fold 

greater risk of developing severe COVID-19 compared to non-HCWs.5 With this background, 

prior to the availability of COVID-19 vaccines, a number of HCQ PrEP cohort study trials were 

conducted in HCWs from India in 2020. We performed a meta-analysis of these studies to 

evaluate the efficacy of weekly HCQ PrEP for prevention of COVID-19. 

 

Materials and Methods 

We performed a search of the medical literature using PubMed, Google Scholar, medRxiv and 

ResearchGate to obtain all relevant publications and preprints. Inclusion and exclusion criteria 

are listed in Table 1. The initial search yielded 1,290 results. Following removal of misclassified 

and duplicate citations, we were left with 14 publications on HCQ PrEP. Ten of these 

publications described weekly HCQ PrEP in HCWs from India, and these studies were included 

in the meta-analysis, as shown in Figure 1.  

 

We analyzed data using the random effects meta-analysis model (DerSimonian and Laird 

method).6 Results used the inverse variance method for weighting. Analyses by the fixed-effects 

model were virtually identical. We assessed heterogeneity between studies by visual inspection 

of funnel forest plots, by estimation of I2 statistics (I2 ≥ 60% was considered substantial 

heterogeneity) and their statistical significance for the heterogeneity and, where possible, by 

subgroup analysis.7 Where evidence of substantial heterogeneity was found, the possible reasons 

for this were investigated.  

 



Results 

Ten cohort studies of weekly HCQ PrEP were evaluated, as shown in Table 2.8-17 These studies 

enrolled a total of 4,909 high-risk HCWs. Sixty-two percent were men and 38% were women, 

and the mean age as described in eight of the ten studies was 33.1 ± 7.7 years. Among subjects at 

risk, 63% were involved in direct patient care (doctors and nurses) while 37% were hospital 

support staff (laboratory technicians, housekeeping staff, security guards and others). All ten 

studies examined the prophylactic effect of weekly HCQ PrEP taken for any lengths of time, 

while a subset of four of the ten studies involving 2,453 HCWs also examined the prophylactic 

effect of weekly HCQ PrEP taken for six weeks or more, and five of the ten studies, involving 

2,787 HCWs, examined prophylactic use for less than six weeks. 

 

In nine of the ten studies, a HCQ loading dose was used (400mg BID on day one), as 

recommended by the Indian Council of Medical Research (ICMR) National Taskforce for 

COVID-19.18 In the tenth study a loading dose was not specified. All ten studies used HCQ PrEP 

dosing of 400mg weekly after the initial dose, as recommended by the ICMR guidelines. Testing 

for SARS-CoV-2 infection was performed using reverse-transcriptase PCR in eight studies 

(References 8, 9, 13-17, and Khurana A, personal communication, April 14, 2021) and 

serological methods in two studies (References 11 and 12). 

 

Six of the ten studies demonstrated significantly decreased risk ratios (RRs) of SARS-CoV-2 

infection in subjects who had used weekly HCQ PrEP for any lengths of time compared to those 

who did not use HCQ, as shown in Table 3. The overall RR using random effects (RE) meta-

analysis was 0.56 (95% CI 0.37-0.83, P=.0040), Figure 2. HCWs who took HCQ PrEP for less 

than six weeks (five studies) did not show a significant decrease in risk of viral infection (RR 

1.15, 95% CI 0.76-1.74, P=.52), Figure 3. In HCWs who took weekly HCQ PrEP for six weeks 

or more (four studies), the infection proportion was substantially reduced. The overall RR using 

RE meta-analysis was 0.21 (95% CI 0.06-0.67, P=.0088), Figure 4. The heterogeneity I2 values 

were less than 30% and not statistically significant in all three meta-analyses. 

 

A measure of dose-response in duration of HCQ PrEP usage can be obtained by comparing 

results of the longer-usage categories to results of the shorter-usage categories.  Four studies 

included results for both less than 6 weeks of use and for 6 or more weeks of use. 8,10-12 Risk of 

infection was significantly lower (P=.0039) for longer use.  One other study provided results for 



HCQ PrEP use less than 6 weeks. 13 Including that study among the other four with short-term 

use still resulted in significantly lower risk with longer HCQ PrEP use (P=.0092). 

 

Adverse events (AEs) related to HCQ PrEP were reported in three of the ten studies, as shown in 

Table 4. The most common AEs were headache (8%) followed by nausea (6%) and dyspepsia 

(6%). No arrhythmias were reported by the HCWs. AEs were generally mild and well tolerated, 

as shown in one study where the HCQ discontinuation rate due to AEs was 4%.13 The rate of 

AEs was consistent with other safety studies of HCQ use in COVID-19 trials and therapy of 

pregnant women and children.19-23 

 

Discussion 

Our meta-analysis suggests that weekly HCQ PrEP is effective in preventing COVID-19 in a 

high-risk group of HCWs after PrEP has been given for an adequate length of time in the face of 

exposure to SARS-CoV-2. It is important to recognize that these studies exclusively analyzed 

HCQ PrEP and excluded HCQ post-exposure prophylaxis (PEP) or treatment of SARS-CoV-2-

infected individuals. Lumping of these groups in prior studies has resulted in flawed analysis and 

inaccurate conclusions about the safety and efficacy of HCQ PrEP. 

 

For example, a recent review of HCQ therapy to “prevent COVID-19” by the World Health 

Organization listed six randomized controlled trials (RCTs): three were clearly described as PEP 

studies, while the remaining three stated that the trials were underpowered to draw conclusions 

about HCQ PrEP.24 The inconsistent results of HCQ PEP versus the apparent benefit of HCQ 

PrEP for COVID-19 is reminiscent of the divergent effects of PEP and PrEP regimens for 

reliable prevention of HIV infection during the AIDS pandemic.25-27 While the PEP studies were 

described as examinations of infection prevention, subjects were enrolled days after exposure 

and therefore should properly have been classified as receiving early treatment, since full 

prevention with HCQ PrEP requires the cumulative equivalent of six or more weekly doses, as 

shown in the India studies reviewed here. 

 

While our literature review identified 14 studies of HCQ PrEP, we only analyzed the ten studies 

from India because they were performed in HCWs using weekly HCQ regimens with dosing 

based on the ICMR guidelines and similar to the standard of care for malaria prophylaxis.1,18 The 

other four trials were performed in other countries (two in USA, two in Spain) using higher dose 



PrEP protocols (daily or twice-weekly regimens) that produced adverse events that were not 

observed in the weekly HCQ PrEP studies from India. Despite these drawbacks, the two studies 

with adequate numbers of outcomes also showed reduced risks similar to the India studies.28-31 

Excessive dosing has led to the public perception that HCQ is a dangerous drug.32,33 In contrast, 

the HCQ PrEP studies from India used dosing of 2,400mg over 5-6 weeks according to the 

ICMR protocol, and this approach avoids potential treatment complications as reported with 

aggressive HCQ regimens used in trials from other countries. 

  

A strength of this meta-analysis is its demonstration of dose-response benefit in risk reduction 

with increased duration of HCQ PrEP, and the fact that approximately 2,400mg of HCQ taken 

over 5-6 weeks is necessary to achieve full risk-reduction benefit.  Despite the advantage of a 

uniform treatment approach across the India studies, our meta-analysis has several limitations. 

Cohort trials with subjective outcomes may introduce recall bias, but the use of objective viral 

testing as the endpoint should alleviate this bias in the India studies.34,35 The younger age of 

subjects distinguishes them from other groups at high risk for COVID-19, but the high risk for 

COVID-19 in HCWs puts them on a par with susceptibility of older patients at risk for SARS-

CoV-2 infection.  

 

None of the studies analyzed here were randomized trials, but well-conducted nonrandomized 

trials have been extensively shown to provide results equivalent to high-quality RCTs in a “real 

world” setting.1,36 The India studies examining HCQ PrEP over time had protocols for six or 

more weeks of use; thus participants who contributed data for shorter treatment durations likely 

stopped their protocols because of viral infection, biasing the medication result away from 

benefit for the evaluation of shorter-term use. This problem is unavoidable in carrying out 

studies where subjects cannot receive adequate initial doses prior to virus exposure. Although the 

studies showed prevention of viral infection, they were not designed to show severity of 

infection in subjects who tested positive for SARS-CoV-2, and it is unclear if HCQ PrEP 

attenuated disease symptoms in treated subjects.  None of the ten India studies had any deaths in 

either the HCQ or control subjects. 

 

The effect of other prophylactic modalities such as personal protective equipment, handwashing, 

nutritional supplements or prior or recent BCG vaccination may conceivably have influenced the 

study results, but these modalities would tend to be evenly distributed between treated subjects 



and controls. Other PrEP medications such as ivermectin may also be effective in the HCW 

setting, and a head-to-head comparison with these medications is lacking in the medical 

literature.17,37 Despite these limitations, our meta-analysis suggests that HCQ PrEP could serve as 

a stop-gap or fill-in approach to COVID-19 prevention until universal immunity of the 

population at risk is achieved. 

 

Conclusions 

Weekly HCQ PrEP appeared to be effective for prevention of COVID-19 in high-risk HCWs 

from India. Further studies of HCQ PrEP are warranted to supplement vaccines in the prevention 

of COVID-19. 
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Figure Legends 

Figure 1: Flow Diagram of Study Screening and Selection. 

Figure 2: Forest Plot of HCQ PrEP Studies: HCQ PrEP Any Duration.  Funnel plot (i.e., in order 

of decreasing standard error or confidence interval width) of the risk ratios of the 10 HCQ PrEP 

studies.  In this and subsequent funnel plots, the area of each square is proportional to the study 

weight in the analysis; the horizontal bars indicate each study’s 95% confidence interval; and the 

diamonds below represent the summary result, with width equal to the summary 95% confidence 

interval. 

Figure 3: Forest Plot of HCQ PrEP Studies: HCQ PrEP < 6 Weeks 

Figure 4: Forest Plot of HCQ PrEP Studies: HCQ PrEP ≥ 6 Weeks 
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  Table 1: Study Inclusion and Exclusion Criteria 
Inclusion Criteria Exclusion Criteria 
Adults >18yo Children <18yo 
Healthcare workers including support staff Non-healthcare workers 
Hydroxychloroquine in study No hydroxychloroquine in study 
India Non-Indian Countries 
Before COVID-19 vaccines, 2020 After COVID-19 vaccine rollout, 2021 
Pre-exposure prophylaxis Post-exposure prophylaxis 
Study not limited to rheumatological disease subjects Rheumatological disease subjects 
 
 
 
  



 
  Table 2: Demographics of Healthcare Worker Studies8-17 
Subjects at risk Value (%) 
Sex*  
   Male 2687 (62) 
   Female 1670 (38) 
Age*  
   Mean Age ± SD (years) 33.1 ± 7.7 
Occupation*  
   Direct patient care (Doctors, nurses) 2939 (63) 
   Support staff (Lab, housekeeping, etc.) 1699 (37) 

*Available for 8/10 studies 
  



 
Table 3: HCQ PrEP Studies in Healthcare Workers in India 
Study HCQ* (n) No HCQ (n) RR (95% CI) P-value 
1. Chatterjee et al., 2020 
    Infection 
    HCQ≥6 doses 

365 
172 
  12 

386 
193 
  56 

 
0.90 (0.60-1.35) 
0.04 (0.01-0.16) 

 
.62 

10−5.3 
2. Bhattacharya et al., 2020 
    Infection 
    HCQ≥6 doses 

  54 
    4 
NA 

  52 
  20 

 

 
0.19 (0.07-0.53) 

 

 
.0013 

 
3. Khurana et al., 2020 
    Infection 
    HCQ≥6 doses 

  90 
  54 
    6 

  91 
  40 
  16 

 
1.36 (1.02-1.82) 
0.62 (0.30-1.28) 

 
.033 
.19 

4. Goenka et al., 2020 
    Infection 
    HCQ≥6 doses 

237 
  19 
    1 

885 
115 
  76 

 
0.62 (0.39-0.98) 
0.10 (0.01-0.71) 

 
.041 
.021 

5. Yadav et al., 2020 
    Infection 
    HCQ≥6 doses 

178 
  17 
    6 

221 
  27 
119 

 
0.78 (0.44-1.39) 
0.39 (0.17-0.93) 

 
.40 

.033 
6. Kadnur et al., 2020 
    Infection 
    HCQ≥6 doses 

248 
    2 
NA 

  86 
    5 

 

 
0.14 (0.03-0.70 

 

 
.017 

 
7. Dev et al., 2020 
    Infection 
    HCQ≥6 doses 

260 
155 
NA 

499 
351 

 

 
0.74 (0.61-0.90) 

 

 
.0024 

 
8. Mathai et al., 2020 
    Infection 
    HCQ≥6 doses 

491 
  10 
NA 

113 
  22 

 

 
0.10 (0.05-0.21) 

 

 
10−9.1 

 
9. Datta et al., 2020 
    Infection 
    HCQ≥6 doses 

146 
  16 
NA 

135 
  19 

 

 
0.78 (0.42-1.45) 

 

 
.43 

 
10. Behera et al., 2020 
    Infection 
    HCQ≥6 doses 

186 
    7 
NA 

186 
  12 

 

 
0.56 (0.19-1.63) 

 

 
.29 

 
Total 
    Number at Risk 
      Infection 
    HCQ≥6 doses 
      Infection 

 
2,255 

456 (20%) 
   292 

25 (8.6%) 

 
2,654 

817 (31%) 
 
 

 
 

0.56 (0.37-0.83) 
 

0.21 (0.06-0.67) 

 
 

.0040 
 

.0088 
HCQ, hydroxychloroquine; PrEP, pre-exposure prophylaxis; NA, not available; RR, risk ratio; CI, 
confidence interval 
*Any duration of HCQ PrEP use unless stated otherwise. 
 
  



 
  Table 4: Adverse Events Reported by HCWs Taking HCQ PrEP 
 Chatterjee et al.8 Bhattacharya et al.9 Kadnur et al.13 Total (%) 
Number on HCQ 365 54 248 667 
  Nausea 23 0 21 44 (7%) 
  Headache 20 2 30 52 (8%) 
  Vertigo 0 0 21 21 (3%) 
  Irritability 0 0 9 9 (1%) 
  Diarrhea 17 0 9 26 (4%) 
  Palpitations 1 0 5 6 (1%) 
  Dyspepsia 14 16 10 40 (6%) 
  Rash/Allergy 4 3 8 15 (2%) 
  Arrhythmia 0 0 0 0 (0%) 
 
  



 
Figure 1: Flow Diagram of Study Screening and Selection 
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                 Figure 2: Forest Plot of HCQ PrEP Studies: HCQ PrEP Any Duration 
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          Figure 4: Forest Plot of HCQ PrEP Studies: HCQ PrEP ≥ 6 Weeks 
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