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Abstract

Monkeypox or “Mpox”, is a zoonosis caused by the monkeypox virus, a double-stranded DNA virus, belonging to the genus Orthopoxvi-
rus, of the family Poxviridae. There are two main clades of the virus, both endemic in Africa: clade I, associated with the Congo Basin,
and clade Ila, related to West Africa. In 2022, a global clade IIb outbreak led the WHO to declare a health emergency, lifted in May
2023. However, in August 2024, the emergency was reactivated due to a resurgence of the disease in Africa, linked to a new strain of

clade Ib, which is predominantly transmitted sexually.

The incubation period of the virus varies between 7 and 21 days, and symptoms can last two to five weeks. Initially, patients present
with fever, myalgia, headache, and lymphadenopathy, followed by a skin rash that goes through five phases: macular, papular, vesicu-
lar, pustular, and crusted. Most cases are self-limiting, although serious complications can arise, especially in immunosuppressed

individuals.
For the treatment of severe cases of Mpox, there are three drugs approved by the Food and Drug Administration (FDA) for smallpox:

tecovirimat, cidofovir and brincidofovir, although the latter have limitations due to their toxicity.

This document aims to present the efficacy and safety of FDA-approved antiviral treatments for the management of severe manifesta-

tions of Mpox by collecting, selecting and synthesizing up-to-date and relevant scientific literature.
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Background

The Monkeypox virus, corresponding to a double-stranded DNA
virus of the genus Orthopoxvirus, family Poxviridae, has two main
clades: clade I in the Congo basin and clade Ila in West Africa [1].
The 2022 global outbreak corresponded to clade IIb, leading the
WHO to declare Mpox an international public health emergency
(IPHE) on July 23, 2022. However, on May 11, 2023, after a signifi-
cant reduction in the spread, the WHO lifted the IPHE. On August
14,2024, the WHO again declared a IPHE due to a resurgence in the
Democratic Republic of the Congo (DRC) and other African coun-

tries, associated with a new clade Ib strain, which appears to be

transmitted predominantly sexually. No cases have been reported
outside Africa [2]. The incubation period for the virus ranges from
7 to 21 days, with symptoms lasting two to five weeks. Initial symp-
toms include fever, myalgia, headache, back pain, sore throat, and
swollen lymph nodes, followed by a skin rash that goes through five
stages: macular, papular, vesicular, pustular, and crusted. Patients

are infectious until all lesions scab [3].

Most cases are self-limited, but severe manifestations can occur,
especially in immunosuppressed people. Although case fatality

was less than 1% in the 2022 outbreak, some patients presented
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with severe symptoms requiring hospitalization, such as persistent
rashes, coalescent lesions, edema, secondary infections, and multi-

organ complications [4].

Approval and use of tecovirimat, brincidofovir and cidofovir.

The U.S. The Food and Drug Administration (FDA) approved TPOXX
(tecovirimat) as the first drug specifically indicated to treat human
smallpox. This approval was carried out under the Animal Rule, a
regulation that allows the efficacy of medications to be validated
based on rigorous and controlled preclinical studies in animals, es-
pecially in cases where it is not feasible or ethical to conduct clini-
cal trials in humans [5]. In contexts such as epidemic outbreaks or
resistance to other treatments, the Centers for Disease Control and
Prevention (CDC) has an Expanded Access Investigational New
Drug (EA-IND) protocol, which facilitates its use in emergency situ-
ations or outside the therapeutic standard. Randomized trials are

evaluating its effectiveness in humans [5].

In 2021, the FDA approved Tembexa (brincidofovir) for the treat-
ment of smallpox in adults, children, and neonates under the Ani-
mal Rule. This approval was based on studies in animal models,
such as rabbits infected with the rabbitpox virus and mice exposed
to the ectromelia virus, both related to orthopoxviruses. Safety data
came from patients treated with the drug for other conditions, such
as bone marrow transplants. However, its safety and effectiveness
in the treatment of Monkeypox (Mpox) have not been confirmed
[6]. In the context of Monkeypox, the use of brincidofovir requires
authorization from the CDC through the EA-IND protocol, designed
for emergency situations. This medication is considered in patients
who do not respond to treatment with tecovirimat or who have con-
traindications to its use. Randomized controlled trials are also be-

ing conducted to evaluate its effectiveness in Mpox [7].

Regarding cidofovir, the FDA has not approved its use to treat or-
thopoxvirus infections, such as Smallpox or Monkeypox, although
it is approved for the treatment of cytomegalovirus retinitis in pa-
tients with acquired immunodeficiency syndrome (AIDS) and its ef-
fectiveness it has been tested in animal models infected with other
poxviruses. Its use for severe cases of monkeypox should be carried
out under the CDC EA-IND protocol [5].

Mechanism of action of antivirals

Tecovirimat is a broad-spectrum antiviral used in adults and pe-
diatrics. Inhibits the viral protein p37. This protein interacts with
host cell molecules Rab9 (GTPase) and TIP47 (Rab9-specific effec-

tor protein) favoring the formation of an extracellular complex for

mpox virions. When p37 is inhibited by Tecovirimat, it is prevent-
ed from forming extracellular envelopes, preventing the release of
virions into the extracellular space [8]. Cidofovir is a “nucleotide
monophosphate analogue” that, after phosphorylation, competi-
tively inhibits the incorporation of deoxycytidine triphosphate into
viral DNA, disrupting chain elongation. Although its effectiveness
in Mpox has not been tested in humans, it has shown positive re-

sults in vitro and in animals [8].

Brincidofovir is a prodrug of cidofovir, conjugated to an alkoxyalkyl
lipid moiety similar to lysophosphatidylcholine (LPC), allowing its
absorption in the small intestine. Once inside host cells, brincidofo-
vir is cleaved to release cidofovir, which is phosphorylated to form
cidofovir diphosphate, its active form. This active metabolite selec-
tively inhibits viral DNA synthesis mediated by Orthopoxvirus DNA

polymerase, thus reducing viral DNA replication [8].

Effectiveness and safety of antivirals.

A1) Effectiveness of tecovirimat. Tecovirimat has shown high ef-
ficacy in the treatment of Mpox in preclinical and clinical studies.
In infected Cynomolgus monkeys, all those treated with tecoviri-
mat survived, with a significant reduction in viral load and lesions
compared to the placebo group. The effective dose in monkeys was
3 to 10 mg/kg/day, while 400 mg/day is recommended in humans
[9]. In studies with infected ground squirrels, tecovirimat adminis-
tered at 100 mg/kg/day from days 0 to 4 post-infection was effec-
tive, with a high survival rate, especially when administered early

after infection [10].

Tecovirimat has demonstrated efficacy in reducing Mpox severity
and mortality in animal models, and clinical trials support its ef-
ficacy in humans, including patients resistant to other antivirals
[11]. In patients with advanced HIV, Mpox can be complicated due
to immunodeficiency. Reduced food intake may affect the absorp-
tion of tecovirimat, which should be taken with fatty foods for op-
timal effectiveness. It is crucial to treat secondary bacterial and
fungal infections that may mask symptoms of Mpox [12].

A2) Safety of tecovirimat. Tecovirimat is administered orally or
intravenously, with better absorption after eating. However, the in-
travenous formulation is not approved by the European Medicines
Agency (EMA) and should be avoided in patients with severe renal
impairment due to the toxicity of the excipient hydroxypropyl-3-
cyclodextrin. Capsules are contraindicated only in patients with
hypersensitivity to the drug. Tecovirimat may interact with med-

ications such as repaglinide, used in type 2 diabetes, which may
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cause hypoglycemia; therefore, careful glucose monitoring is rec-
ommended [13]. The safety of tecovirimat was evaluated in three
non-randomized studies with 358 patients (355 treated with teco-
virimat and 3 with brincidofovir). Adverse effects were minimal:
16 patients reported unwanted effects, including 11 mild events,
two mental health problems, and an increase in liver enzymes. One
death and one case of anemia were recorded, but were not consid-
ered related to the medication [1]. The safety profile is favorable,
but caution should be exercised with rapid intravenous administra-
tion due to possible side effects such as ataxia and lethargy. The lack
of cross-resistance with other antivirals reinforces its usefulness in

resistant strains [11].

B1) Effectiveness of brincidofovir. This antiviral has shown re-
markable efficacy in animal models against Orthopoxvirus infec-
tions, significantly reducing mortality when administered early in
infections such as rabbitpox and mousepox [11]. In clinical studies,
brincidofovir was evaluated in more than 1,400 patients, including
immunocompromised children, with treatments of up to 12 weeks.
A dose of 200 mg weekly for 3 weeks showed that adverse effects,
mainly gastrointestinal and mild transaminase elevations, were
transient and well tolerated. Although resistance can develop due
to mutations in the viral DNA polymerase, these viruses tend to be
less virulent, which is favorable [14]. The combination of brincido-
fovir with tecovirimat has been shown to be more effective than its
individual use, improving viral suppression and reducing the risk
of resistance, showing synergy even in cases resistant to other an-
tivirals [14].

B2) Safety of brincidofovir. The safety profile of brincidofovir re-
quires attention, especially in relation to liver function. Preclinical
studies have shown that brincidofovir can cause significant eleva-
tions in hepatic transaminases, particularly alanine aminotrans-
ferase (ALT), indicating a potential risk of hepatotoxicity [1, 15].
This information highlights the need for close monitoring of liver
function during treatment to manage potential serious adverse ef-

fects.

Despite its advantages over cidofovir, such as reduced nephrotoxic-
ity, the safety of brincidofovir remains a considerable concern. Con-
tinuous monitoring is required to balance antiviral efficacy with the
risk of hepatic adverse effects, ensuring safe drug administration
[15].

C1) Effectiveness of cidofovir. Cidofovir has been shown in labo-

ratory tests to be effective in stopping the growth of the virus that

causes smallpoxand in treating animals with similar diseases. It has
demonstrated effectiveness against double-stranded DNA viruses,
such as poxviruses. Preclinical studies show that it significantly re-
duces mortality in animal models infected with poxviruses, such
as rabbitpox and mousepox [16]. The 1% topical presentation has
been evaluated for mild skin infections, but its effectiveness may
be limited in the presence of severe bacterial complications [11].
Although cidofovir may be an alternative when tecovirimat is not
suitable, it is crucial to determine the optimal dosage to maximize

benefits and minimize adverse effects [17].

C2) Safety of cidofovir. The significant nephrotoxicity of cidofovir
limits its clinical use, requiring preventive measures such as the
administration of probenecid and adequate hydration to mitigate
renal risk. Despite its efficacy in preclinical studies, the use of cido-
fovir in patients with renal involvement or who do not respond to
other treatments should be carefully monitored. In the treatment
of Mpox, cidofovir is considered in severe cases where other op-
tions have not been effective, but it is crucial to evaluate renal func-

tion to avoid adverse effects [17].

A comprehensive review evaluated the safety and efficacy of brin-
cidofovir and tecovirimat from in vitro and animal studies, clini-
cal trials, and cases of Orthopoxvirus infection. Nine clinical trials
were reviewed in healthy individuals, patients with other viral in-
fections, and hematopoietic cell transplant recipients. Tecovirimat
and brincidofovir have been shown to be generally safe and well
tolerated, although specific evidence in patients with Mpox is lim-
ited. No randomized clinical trials designed specifically for Mpox

were found [1].

Discussion

There are some antivirals in use in animals such as those men-
tioned, with authorization from the FDA and others still under
study. Viruses are viruses is a phrase from André Lwoff, a notable
French scientist awarded the Nobel Prize in 1965, so any attempt
to design antivirals must be considered a contribution to confront
these small adversaries that could concomitantly be exerting their

action in opportunistic diseases.

Conclusion

The three antivirals studied present both benefits and collateral ef-
fects, however, there is a conviction of their use in cases of monkey-
pox in humans. Although smallpox is said to have been eradicated

in humans years ago, the possibility of a current outbreak would
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not be unheard of, we must be prepared, especially for its possible

use as a biological weapon in the future, no one knows.

References

1.

10.

Fox, T; Gould, S.; Princy, N.; Rowland, T; Lutje, V.; Kuehn, R.
(2023). Therapeutics for treating Mpox in humans. Cochrane
Database of Systematic Reviews, (3):1-49.

Pan American Health Organization (PAHO). (2024). Mpox Epi-
demiological Update Region of the Americas, August 17, 2024.
Available in https://www.paho.org/es/documentos/alerta-
epidemiologica-viruela-simica-mpxv-clado-i-8- August-2024
Dou, Y.M.; Yuan, H.; Tian, H.W. (2022). Monkeypox virus: past
and present. World Journal of Pediatrics. 19:224-230.

Demir, K.K; Desjardins, M.; Fortin, C.; Grandjean-Lapierre, S.;
Chakravarti, A.; Coutlée, F; Zaharatos, G.; Morin, ].; Tremblay,
C.; Longtin, J. (2023). Treatment of severe human Mpox virus
infection with tecovirimat: A case series. Can Commun Dis Rep,
49(2/3): 76-80.

Centers For Disease Control And Prevention (CDC). 2024.
Treatment of Smallpox. U.S. Department of Health and Hu-
man Services. Available in https://www.cdc.gov/smallpox/
treatment/?CDC_AAref Val=https://www.cdc.gov/smallpox/
prevention-treatment/index.html

U.S. Food and Drug Administration (FDA). 2024. Mpox. U.S.
Food and Drug Administration. Available in https://www.fda.
gov/emergency-preparedness-and-response/mcm-issues/
mpox

Centers for Disease Control and Prevention (CDC). 2023. Ad-
vertencia de Salud Nro. 475. [en linea]. < Severe Manifestations
of Monkeypox among People who are Immunocompromised
Due to HIV or Other Conditions (cdc.gov)

Franco, A.; Moreno, D.; Chaparro, N. (2022). Viruela del simio.
Rev. chil. infectol. 39(4): 457-466.

Jordan, R.; Goff, A,; Frimm, A.; Corrado, M. L.; Hensley, L. E,;
Byrd, C. M.; Mucker, E.; Shamblin, J.; Bolken, T.C.; Wlazlowski,
C.; Johnson, W,; Chapman, J.; Twenhafel, N.; Tyavanagimatt, S.;
Amantana, A.; Chinsangaram, J.; Hruby, D.E.; Huggins, ]. (2009).
ST-246 antiviral efficacy in a nonhuman primate monkeypox
model: determination of the minimal effective dose and human
dose justification. Antimicrob Agents Chemother. 53(5): 1817-
1822.

Sbrana, E.; Jordan, R.; Hruby, D.E.; Mateo, R.I;; Xiao, S.Y.; Siirin,
M.; Newman, P.C.; Da Rosa, A.P; Tesh, R.B. (2007). Efficacy of
the antipoxvirus compound ST-246 for treatment of severe Or-
thopoxvirus infection. Am ] Trop Med Hyg. 76(4): 768-773.

11.

12.

13.

14.

15.

16.

17.

Siegrist, E.A.; Sassine, J. (2023). Antivirals with activity against
Mpox: A clinically oriented review. Clin Infect Dis. 76(1):155-
164.

Fortier, ].C.; Marsalisi, C.; Cordova, E.; Guo, H.J.; Verdecia, ].
(2024). Challenges in managing treatment-resistant Mpox
complicated by severe superinfection. Open Forum Infectious
Diseases. 11(4):1-6.

Centers for Disease Control and Prevention (CDC). (2024).
Proyecto “Expanded Access Investigational New Drug (IND)
Protocol: Use of Tecovirimat (TPOXX®) for Treatment of Hu-
man Non-Variola Orthopoxvirus Infections in Adults and Chil-
dren.” Atlanta, Georgia, EE.UU. CDC. 26 p. FDA.

Foster, S.A.; Parker, S.; Lanier, R. (2017). The role of brincidofo-
vir in preparation for a potential smallpox outbreak. Viruses.
9(11): 320.

Toshkov, D.; Andreeva, Y.; Mladenova, R.; Kostadinov, T. (2023).
Antivirals for the treatment of monkeypox: utilization in the
general and HIV-positive population and gaps for research. A
short narrative review. Infez Med. 31(2): 186-194.

Andrei, G.; Snoeck, R. (2010). Cidofovir activity against poxvi-
rus infections. Viruses. 2(12): 2803-2830.

Stafford, A.; Rimmer, S.; Gilchrist, M.; Sun, K.; Davies, E.P.; Wad-
dington, C.S.; Chiu, C,; Armstrong-James, D.; Swaine, T.; Davies,
F; Gémez, C.H.M.; Kumar, V,; Elhaddad, A.; Awad, Z.; Smart,
C.; Mora-Peris, B.; Muir, D.; Randell, P; Peters, ]J.; Chand, M,;
Warrell, C.E.; Rampling, T,; Cooke, G.; Dhanji, S.; Campbell, V;
Davies, C.; Osman, S.; Abbara, A. (2023). Use of cidofovir in a
patient with severe Mpox and uncontrolled HIV infection. The
Lancet Infectious Diseases. 23(6): 218-226.

Citation: Roa C and Navarro C. (2025). Effectiveness and safety of three Antivirals in the Treatment of Severe Manifestations of Monkey-
pox in Humans. An Approach. Archives of Veterinary and Animal Sciences 7(1). DOI: 10.5281/zenodo.14874279



Archives of Veterinary and Animal Sciences Page 5 of 5

Benefits of Publishing with EScientific Publishers:

< Swift Peer Review

< Freely accessible online immediately upon publication
% Global archiving of articles

< Authors Retain Copyrights

< Visibility through different online platforms

Submit your Paper at:

https://escientificpublishers.com/submission

Citation: Roa C and Navarro C. (2025). Effectiveness and safety of three Antivirals in the Treatment of Severe Manifestations of Monkey-
pox in Humans. An Approach. Archives of Veterinary and Animal Sciences 7(1). DOI: 10.5281/zenodo.14874279



