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Abstract

The devastating effects of the coronavirus disease (COVID-19) caused by severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2)may not end when the acute illness has terminated.
A subset of COVID-19 patients may have symptoms that persist for months. This condition has
been described as ‘long COVID’. From a historical perspective, it has been recognized that
serious long-term neurological sequelae have been associated with RNA viruses such as
influenza viruses and coronaviruses. A potential intervention for early post-COVID-19 neuro-
psychiatric impairment may be the commonly employed, readily available, reasonably priced
macrolide antibiotic, azithromycin. We have observed a favourable clinical response with
azithromycin in three patients with neurological symptoms associated with long COVID-19.
We recommend considering formal clinical trials using azithromycin for patients with post-
COVID-19 infection neurological changes including ‘COVID fog’ or the more severe neuro-
logical symptoms that may later develop.

Introduction

TheSARS2virushas causedapandemic thathas killedmillions,which is comparable to the Spanish
flu pandemic of 1918–1919 [1, 2]. Autopsies performed and documented by Economo on Spanish
flu pandemic patients and by Kapila et al. [3] on the 1957 Asian flu pandemic patients showed
distinct neuropathological changes, as did recent studies on COVID-19 patients with neuropsychi-
atric symptoms [1, 4–6].While the long-term effects of COVID-19 remain unclear, they have been
documented and remain of concern.With the two serious previous coronavirus infections, namely,
SARS-CoV-1 and Middle East respiratory syndrome coronavirus, and the two momentous
influenza pandemics of the twentieth century that killed more than a million people, findings of
narcolepsy, seizures, encephalitis, encephalopathy, and other neuropsychiatric sequelae have been
described [7–9]. We applaud clinical trials examining whether empiric COVID-19 therapies are
associated with differences in the prevalence and outcome of severe neurological complications of
COVID-19 [4, 9], and the new NIH initiative proclaimed by NIH Director Francis S. Collins to
study long COVID, noting the $1.15 billion Congressional appropriation for it [10].

Clinical experience

Numerous clinical trials on acute COVID-19 are in progress, with azithromycin alone being
studied [11, 12]. We have advocated for full clinical trials to determine whether a 5-day course of
azithromycin at the first sign of COVID-19 would be beneficial [11]. Based on our favourable
experience with three ‘long COVID’ patients, we now suggest full clinical trials at the onset of
neurological symptoms post-acute COVID-19, assuming there are no contraindications to the
use of azithromycin such as a history of liver or heart disease or a hypersensitivity to azithro-
mycin, erythromycin, or other macrolides.

Azithromycin, a commonly employed macrolide antibiotic, is a documented immunomodu-
latory agent [11]. It is considered safe, with occasional urticaria and other cutaneous eruptions
and rarely cardiac arrhythmias in the elderly. Clinical trials with azithromycin for early COVID-
19, often in combination with hydroxychloroquine, are still in progress with 25 listed for the US
alone on the ClinicalTrials.gov US governmental website, with 8 delineated as suspended,
terminated, or withdrawn [12]. An especially interesting one was the ‘Azithromycin for
COVID-19 Treatment in Outpatients Nationwide (ACTION)’ based at the University of Cali-
fornia San Francisco (ClinicalTrials.gov Identifier: NCT04332107), in collaboration with the Bill
&Melinda Gates Foundation, Pfizer, and Stanford University. It is officially titled ‘Azithromycin
for Prevention of Disease Progression in Patients with Mild or Moderate COVID-19’. The
outcome of the innovative University of California San Francisco ACTION clinical trial using
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a single 1.2 g course of azithromycin could have proven significant
but was terminated early for ‘futility’ on 16 March 2021.

As this novel SARS 2 coronavirus sweeps across the globe, its long-
term effects are being delineated [1, 2]. Pulmonary, cardiac, cerebral,
hepatic, and other end-organ complications should be carefully docu-
mented, evaluated, and monitored. To determine distinct patho-
logical changes in end organs related to the present COVID-19
pandemic, detailed investigations should be performed on tissues at
the cellular level obtained at premortem or at autopsies. Ideally, these
efforts will be collaborative and worldwide. Autopsies performed and
documented by Economo on the 1918 Spanish flu pandemic patients
and by Kapila et al. [1–3] on the 1957 Asian flu pandemic patients
showed distinct pathological changes that revealed two new syn-
dromes, which may provide a clearer understanding of the present
COVID-19 pandemic and future ones. In recent coronavirus out-
breaks, neuropsychiatric symptoms tended to be overlooked in favour
of respiratory and other symptoms.During themore recent influenza
epidemics and other coronavirus infections (SARS-CoV-1 epidemic
and the Middle East respiratory syndrome coronavirus), neuro-
psychiatric sequelae have been delineated, including narcolepsy, seiz-
ures, encephalitis, encephalopathy, Parkinson’s disease, and limbic
system involvement producing ‘moral imbecility’ [1, 6–8].

Conclusion

Neuropsychiatric and other sequelae of COVID-19 infection rep-
resent amajor concern [10]. A number of therapeutic agents should
be explored globally against the consequences of COVID-19 infec-
tion. There are encouraging anecdotal results of favourable clinical
experiences using azithromycin alone not only early in the course of
a COVID-19 infection but in its aftermath. Accordingly, we suggest
clinical trials to assess the use of azithromycin alone for long
COVID-19.

As previously noted [11], we suggest formal clinical trials
utilizing the prepackaged formulation of azithromycin given as
soon as COVID-19 infection appears, starting with a five-day
intervention of 500 mg the first day and 250 mg for the remain-
ing four days, with a total of 1.5 g for adults older than 18 years,
and a paediatric dosing of 10 mg/kg on the first day and 5 mg/kg
for the remaining four days for children aged 5 to 18 years. We
suggest the same regimen be considered at the first sign of long
COVID. Documented laboratory diagnosis of COVID-19 infec-
tions is necessary, with patients evaluated for coinfections with
other respiratory pathogens, including seasonal influenza, multi-
drug-resistant Candida auris, and azithromycin-sensitive Myco-
plasma pneumoniae [13].

Long COVID or post-acute sequelae of COVID-19 require our
scrutiny. Clearly, it has the potential neurological and psychiatric
features long established with RNA viruses such as influenza virus
and, more recently, with coronaviruses [14, 15]. Since scientific
evidence is weak at this time [16–20], we strongly encourage clinical
trials on long COVID with azithromycin to confirm or refute the
value of this potentially efficient, cost-effective, readily available,
easy-to-use, and relatively safe medication.

Data availability statement. The supporting data are available on request
from the corresponding author.

Author contribution. Conceptualization: R.M.S., R.A.S.; Methodology:
R.M.S., R.A.S.; Writing – original draft: R.M.S., R.A.S.; Writing – review &
editing: R.M.S., R.A.S.

Competing interest. The authors declare none.

References

[1] Schwartz RA, Kapila R (2021). Pandemics throughout the centuries.
Clinics in Dermatology 39(1),5–8. https://doi.org/10.1016/j.clinderma-
tol.2020.12.006

[2] Almutairi N, Schwartz RA (2020). COVID-19 with dermatologic mani-
festations and implications: an unfolding conundrum.Dermatologic Ther-
apy 9, e13544. https://doi.org/10.1111/dth.13544

[3] Kapila CC, et al. (1958). Neurological and hepatic disorders associated
with influenza. British Medical Journal 2, 1311–1314.

[4] Crook H, et al. (2021). Long covid-mechanisms, risk factors, and man-
agement. BritishMedical Journal 374, n1648. https://doi.org/10.1136/bmj.
n1648

[5] Troyer EA, Kohn JN, Hong S (2020). Are we facing a crashing wave of
neuropsychiatric sequelae of COVID-19? Neuropsychiatric symptoms
and potential immunologic mechanisms. Brain, Behavior, and Immunogy
87, 34–39. https://doi.org/10.1016/j.bbi.2020.04.027

[6] Kim JE, et al. (2017). Neurological complications during treatment of
Middle East respiratory syndrome. Journal of Clinical Neurology 13(3),
227–233.

[7] Tsai LK, Hsieh ST, Chang YC (2005). Neurological manifestations in
severe acute respiratory syndrome. Acta Neurologica Taiwanica 14(3),
113–119.

[8] Wu Y, et al. (2020). Nervous system involvement after infection with
COVID-19 and other coronaviruses. Brain, Behavior, and Immunogy 87,
18–22. https://doi.org/10.1016/j.bbi.2020.03.031

[9] Keller E (2022). Neuro-COVID-19: Neurological Complications of
COVID-19 (Neuro-COVID). Available at https://clinicaltrials.gov/ct2/
show/NCT04418609 (accessed 12 July 2023).

[10] Collins FS (2021). NIH launches new initiative to study “Long COVID”.
Available at https://www.nih.gov/about-nih/who-we-are/nih-director/
statements/nih-launches-new-initiative-study-long-covid (accessed 12
July 2023).

[11] Schwartz RA, Suskind RM (2020). Azithromycin and COVID-19:
prompt early use at first signs of this infection in adults and children, an
approach worthy of consideration. Dermatologic Therapy 33(4), e13785.
https://doi.org/10.1111/dth.13785

[12] https://clinicaltrials.gov/ct2/results?cond=COVID-19&term=azithromy
cin&cntry=US&state=&city=&dist= (accessed 12 July 2023).

[13] Janniger EJ, Kapila R (2021). Public health issues with Candida auris in
COVID-19 patients. World Medical & Health Policy 13(4), 766–772.
https://doi.org/10.1002/wmh3.472

[14] Proal AD, VanElzakker MB (2021). Long COVID or post-acute sequelae
of COVID-19 (PASC): an overview of biological factors that may contrib-
ute to persistent symptoms. Frontiers in Microbiology 12, 698169. https://
doi.org/10.3389/fmicb.2021.698169

[15] Lambert WC, et al. (2021). What we have learned from the COVID-19
pandemic: time to think outside the box, maybe far outside. Clinics in
Dermatology 39, 101–117.

[16] Yousafzai ADK, et al. (2023). Clinical efficacy of Azithromycin for
COVID-19 management: a systematic meta-analysis of meta-analyses.
Heart & Lung 60, 127–132.

[17] Golchin Vafa R, et al. (2023). The long-term effects of the Covid-19
infection on cardiac symptoms. BMC Cardiovascular Disorders 23(1),
286. https://doi.org/10.1186/s12872-023-03322-8

[18] Popp M, et al. (2021). Antibiotics for the treatment of COVID-
19. Cochrane Database of Systematic Reviews 10(10), CD015025.

[19] Bleyzac N, et al. (2020). Azithromycin for COVID-19: more than just an
antimicrobial? Clinical Drug Investigation 40(8), 683–686.

[20] Rahmati M, et al. (2023). A systematic review and meta-analysis of
long-term sequelae of COVID-19 2-year after SARS-CoV-2 infection: a
call to action for neurological, physical, and psychological sciences.
Journal of Medical Virology 95(6), e28852. https://doi.org/10.1002/
jmv.28852

2 Robert A. Schwartz and Robert M. Suskind

https://doi.org/10.1017/S0950268823001966 Published online by Cambridge University Press

https://doi.org/10.1016/j.clindermatol.2020.12.006
https://doi.org/10.1016/j.clindermatol.2020.12.006
https://doi.org/10.1111/dth.13544
https://doi.org/10.1136/bmj.n1648
https://doi.org/10.1136/bmj.n1648
https://doi.org/10.1016/j.bbi.2020.04.027
https://doi.org/10.1016/j.bbi.2020.03.031
https://clinicaltrials.gov/ct2/show/NCT04418609
https://clinicaltrials.gov/ct2/show/NCT04418609
https://www.nih.gov/about-nih/who-we-are/nih-director/statements/nih-launches-new-initiative-study-long-covid
https://www.nih.gov/about-nih/who-we-are/nih-director/statements/nih-launches-new-initiative-study-long-covid
https://doi.org/10.1111/dth.13785
https://clinicaltrials.gov/ct2/results?cond=COVID-19&term=azithromycin&cntry=US&state=&city=&dist=
https://clinicaltrials.gov/ct2/results?cond=COVID-19&term=azithromycin&cntry=US&state=&city=&dist=
https://doi.org/10.1002/wmh3.472
https://doi.org/10.3389/fmicb.2021.698169
https://doi.org/10.3389/fmicb.2021.698169
https://doi.org/10.1186/s12872-023-03322-8
https://doi.org/10.1002/jmv.28852
https://doi.org/10.1002/jmv.28852
https://doi.org/10.1017/S0950268823001966

	Post-COVID-19 neuropsychiatric manifestations: a suggested therapeutic approach to ‘long COVID’ with azithromycin
	Introduction
	Clinical experience
	Conclusion
	Data availability statement
	Author contribution
	Competing interest
	References


