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a b s t r a c t 
As COVID-19 (coronavirus disease 2019) continues to rapidly spread throughout the world, the incidence 
varies greatly among different countries. These differences raise the question whether nations with a 
lower incidence share any medical commonalities that could be used not only to explain that lower in- 
cidence but also to provide guidance for potential treatments elsewhere. Such a treatment would be par- 
ticularly valuable if it could be used as a prophylactic against SARS-CoV-2 (severe acute respiratory syn- 
drome coronavirus 2) transmission, thereby effectively slowing the spread of the disease while we await 
the wide availability of safe and effective vaccines. Here, we show that countries with routine mass drug 
administration of prophylactic chemotherapy including ivermectin have a significantly lower incidence of 
COVID-19. Prophylactic use of ivermectin against parasitic infections is most common in Africa and we 
hence show that the reported correlation is highly significant both when compared among African na- 
tions as well as in a worldwide context. We surmise that this may be connected to ivermectin’s ability 
to inhibit SARS-CoV-2 replication, which likely leads to lower infection rates. However, other pathways 
must exist to explain the persistence of such an inhibitory effect after serum levels of ivermectin have 
declined. It is suggested that ivermectin be evaluated for potential off-label prophylactic use in certain 
cases to help bridge the time until a safe and effective vaccine becomes available. 

© 2020 Elsevier Ltd and International Society of Antimicrobial Chemotherapy. All rights reserved. 
1. Introduction 

Coronavirus disease 2019 (COVID-19) is caused by SARS-CoV-2 
(severe acute respiratory syndrome coronavirus 2), a novel coro- 
navirus that emerged in Wuhan, Hubei Province, China, in De- 
cember 2019 [1] and quickly spread throughout the entire world 
[2] . As of 20 October 2020, approximately 41 million people have 
been diagnosed and more than one million have died from the 
disease worldwide [3] . Many nations have responded by imple- 
menting strict social distancing guidelines [4] that are beginning 
to show promising results in some countries [5] . While this is in 
itself a positive development, a decrease in new cases is also likely 
to decrease adherence to protective measures or to cause authori- 
ties to lift restrictions aimed at containing the spread of the virus 
as they consider competing economic interests. This, paired with 
the continued resistance to initial control measures in some na- 
tions such as the USA [4] , carries the risk of further accelerat- 
ing global disease spread and, consequently, fatalities. On 18 April 
2020, a total of 11 265 patients died from COVID-19 in a single day 
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worldwide [3] . While several vaccine candidates are entering clin- 
ical trial phases, it is unlikely that a safe and effective vaccine will 
be available to the public within the next few months [6] . In order 
to effectively reduce the spread of SARS-CoV-2 and especially the 
associated fatalities, a highly effective treatment option is needed. 

As time is of the essence and the approval process for new 
drugs can be lengthy [7] , there have been many attempts at repur- 
posing existing and approved drugs for the treatment of SARS-CoV- 
2 infection [8] , including malaria drugs such as hydroxychloro- 
quine and chloroquine, which have recently been shown to be 
less effective than originally thought while carrying considerable 
risk of sometimes fatal complications and interactions [9] . Other 
approaches focus on repurposing existing antiviral drugs such as 
remdesivir, which has been shown to significantly reduce the re- 
covery time in hospitalised patients [10] . However, there is cur- 
rently no accepted treatment for patients who are not yet hospi- 
talised. Treating patients before they need to be admitted—perhaps 
even prophylactically—could greatly reduce the load on hospitals, 
protect healthcare professionals and reduce the spread of SARS- 
CoV-2. 

https://doi.org/10.1016/j.ijantimicag.2020.106248 
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One avenue to slow viral transmission would be to inhibit repli- 

cation of the virus, thus reducing the viral load in infected individ- 
uals. Interestingly, the relatively old antiparasitic drug ivermectin 
has recently been reported to inhibit SARS-CoV-2 replication in 
vitro [11] , although the authors rightfully caution that additional 
studies will be needed to determine dosing for potential use in 
COVID-19 patients. This is particularly important as the serum lev- 
els used in their study far exceeded those that would be achieved 
with commonly administered safe doses. While they certainly do 
not suggest prophylactic use of ivermectin for SARS-CoV-2, the 
drug is actually widely used prophylactically in mass drug ad- 
ministration (MDA) campaigns both against filariasis [12] and on- 
chocerciasis [13] . Throughout the past few months, interest in iver- 
mectin as a treatment for SARS-CoV-2-infected patients has grown 
[14] and the drug has been shown to reduce mortality among hos- 
pitalised patients [15] . In contrast to most other recently explored 
treatments, ivermectin has been reported as especially promising 
in early and mild cases of COVID-19 [16] . This strong precedent, 
paired with ivermectin’s well understood safety profile [17] , natu- 
rally raises the question whether it could also be used prophylac- 
tically against SARS-CoV-2. 
2. Methods 

To answer this intriguing question, we collected data from 
countries that routinely deploy prophylactic chemotherapy (PCT) 
using various drugs including ivermectin [18] . Based on the vary- 
ing MDA designs, we grouped these countries into two different 
categories—those that include ivermectin in their PCT and those 
that do not. We then proceeded to compare COVID-19 proliferation 
between these two groups and further contrasted them against a 
third group of countries that do not use PCT at all [3] . 
2.1. Data collection 

The data used in this study were obtained from two publicly 
available databases. Information about PCT was extracted from 
the PCT Databank administered by the World Health Organiza- 
tion (WHO), which provides current and historic data regarding 
MDA campaigns [18] . Current data on COVID-19 cases were ob- 
tained from Worldometer, a public data aggregation site used—
among others—by the COVID-19 portal published by Johns Hopkins 
University [3] . All data are current as of 20 October 2020. As in 
all cases involving more than one data source, there was a cer- 
tain amount of missing data, which we addressed by omitting any 
country that did not have sufficient coverage in both sources. We 
then extracted and aggregated the data in a standard spreadsheet 
format provided in the Supplementary material. 
2.2. Statistical analysis 

Statistical analysis was performed using IBM SPSS Statistics 
v.23.0 (IBM Corp., Armonk, NY, USA). We grouped countries into 
three different bins: countries that do not use any PCT; countries 
that use some PCT that does not include ivermectin; and countries 
that use PCT with ivermectin. As a dependent variable, we selected 
the incidence of COVID-19 measured in confirmed cases per 100 
0 0 0 population. 

Standard analysis of variance (ANOVA) was not an option for 
data analysis since the data were not normally distributed as de- 
termined by the Shapiro–Wilk test. This is primarily due to large 
variability within the ‘No PCT’ group as well as the starkly differ- 
ent sizes of the three groups. We therefore analysed the assem- 
bled data using a one-way non-parametric Kruskal–Wallis ANOVA 
on ranks with incidence as the dependent variable and the three 
treatments as factor (PCT with ivermectin, PCT without ivermectin 

Fig. 1. Country-specific COVID-19 (coronavirus disease 2019) incidence in groups 
with different types of prophylactic chemotherapy (PCT) for parasitic infections. The 
letters (a,b) denote statistically significant groups ( P ≤ 0.05). Outliers above the 
95th percentile were removed for visual clarification. Whiskers represent 10th and 
90th percentiles. 
and no PCT). Post-hoc comparisons were run using Dunn’s test. 
Significances were adjusted using the Bonferroni method. 
3. Results and discussion 

Our study compared the incidence of COVID-19 among coun- 
tries with different PCT campaigns and those countries in which 
PCT is non-existent. It is perhaps obvious that the latter group is by 
far the largest. It should also not be surprising that this set of sam- 
ples had a rather large variability ( Fig. 1 ). However, in spite of this, 
the difference between nations that deploy PCT using ivermectin 
and those that do not use any PCT turned out to be highly sig- 
nificant (adjusted significance P < 0.01). These initial results were 
obtained on 15 April 2020 and because at that time SARS-CoV-2 
was still being detected in new countries on an almost daily basis, 
we chose to monitor the situation and observe whether this cor- 
relation would over time become less significant. We updated our 
calculations and added additional newly affected countries several 
times throughout the month of May 2020 and noticed that the 
observed association between ivermectin MDA and lower COVID- 
19 incidence actually grew strictly stronger over time. By 5 June 
2020, the adjusted significance had improved to P < 0.001, actu- 
ally reported by IBM SPSS Statistics as 0.0 0 0. It has remained at 
that level since. 

As we have stated, the sizes of the three samples (PCT with 
ivermectin, other PCT and no PCT) vary greatly. Another important 
aspect to consider is the fact that many of the ivermectin cam- 
paigns are unsurprisingly administered in African countries as the 
underlying parasitic infections are particularly common in these 
nations. As such, it is important to look at the subset of African 
countries separately as well. Fig. 2 shows a boxplot similar to 
Fig. 1 but containing only the African countries in the data set. It 
should not be surprising that the largest difference between the 
two analyses can be seen in the ‘No PCT’ group as this group con- 
tained the most non-African countries. The much smaller number 
of nations on the African continent and associated island groups 
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Fig. 2. Incidence of COVID-19 (coronavirus disease 2019) as a function of prophy- 
lactic chemotherapy (PCT) with ivermectin in African countries. The letters (a,b) 
denote statistically significant groups ( P ≤ 0.05). Outliers above the 95th percentile 
were removed for visual clarification. Whiskers represent 10th and 90th percentiles. 

allows us to enumerate the individual countries and to visualise 
them in a violin plot. Fig. 3 quite clearly visualises the strong 
correlation between PCT with ivermectin and lower incidence of 
COVID-19. This relationship is statistically significant ( P = 0.017), 

making it only slightly less significant in Africa than among the 
worldwide data set. 

As COVID-19 is such a new disease, none of the existing MDA 
campaigns are targeted at controlling its spread. Nor is there any 
documented prophylactic use of the deployed drugs against SARS- 
CoV-2 infection. However, there is a very strong negative correla- 
tion between the use of PCT—especially involving ivermectin—and 
COVID-19 proliferation. This, paired with ivermectin’s proven in- 
hibitory effect on SARS-CoV-2 replication in vitro, leads us to the 
hypothesis that the drug may have a—likely indirect—prophylactic 
effect and thereby reduce the spread of the disease. 

It might be interesting to note that the percentage of the overall 
population that received PCT using ivermectin mostly ranged from 
30–90%, yet there was no significant difference in the resulting in- 
cidence of COVID-19. Even the lower treatment coverages achieved 
the same reductions resulting from MDA reaching nearly the en- 
tire population. The reasons for this fact are so far unexplained. 
There was also no detectable advantage to any one administration 
timeframe or interval. While individual dosages generally varied 
between 150 µg and 200 µg per kilogram of body weight, there 
seemed to be no notable difference in COVID-19 incidence among 
recipients of different dosages either. It must therefore be assumed 
that any pathway connecting ivermectin administration and lower 
COVID-19 incidence is achieved by administration of the drug in 
relatively low doses far below potentially dangerous levels con- 
sidered elsewhere as potentially effective for COVID-19 treatment 
[19] . This becomes less surprising once we consider the relatively 
short half-life of ivermectin [20] , meaning that the added effect of 
any higher dose would not be prolonged. Instead, we hypothesise 
that there is an as of yet unknown pathway that can be triggered 
with lower, proven safe doses. 

The fact that PCT without ivermectin also showed a strong 
negative—albeit not statistically significant—correlation with 
COVID-19 incidence suggests that other drugs used in MDA cam- 

Fig. 3. Incidence of COVID-19 (coronavirus disease 2019) as a function of prophylactic chemotherapy (PCT) with ivermectin in African countries as violin plot. 
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paigns might include additional candidates for the treatment 
and/or prevention of COVID-19. It is, however, important to note 
that many of the analysed countries that only administered these 
other drugs in 2018 actually have used ivermectin in previous or 
following years. Hence, a residual effect of an ivermectin-induced 
pathway cannot be ruled out, although the exact nature of such a 
pathway would still need to be discovered. This speculation would 
gain further strength if experimental analysis could prove that 
SARS-CoV-2 replication remains inhibited after serum levels of 
ivermectin decline. 

It is important to note that the hypothesis that ivermectin 
might have a prophylactic effect against SARS-CoV-2 is merely 
based on a rather strong correlation. On the other hand, this cor- 
relation has grown increasingly stronger in the worldwide data set 
earlier this year and then been independently replicated within the 
African data set later in the summer. Both remain highly signifi- 
cant, suggesting that there may be a causal connection, which is 
also suggested by other recent findings reported in literature. We 
therefore hope that this communication may serve as an invitation 
to further investigate and consider ivermectin as a potential pro- 
phylactic against COVID-19. In addition to the obvious advantages 
of a potential prophylactic, more refined results could hopefully 
also deter the public from further dangerous self-medication with 
ivermectin that has sometimes included veterinary-grade products 
that contain additional ingredients [21] . In this sense, even nega- 
tive results might be very valuable to the health community and 
to society at large. 
Supplementary materials 

Supplementary material associated with this article can be 
found, in the online version, at doi:10.1016/j.ijantimicag.2020. 
106248 . 
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