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Abstract 

Introduction 

Human rabies remains almost invariably fatal once clinical symptoms appear, despite 

widespread use of pre- and post-exposure prophylaxis. The so-called “Milwaukee Protocol” — 

a structured regimen of therapeutic coma, NMDA antagonists, antivirals and supportive care 

— generated intense interest after a single widely publicized survivor in 2004.  

Aim of the study 

This review summarizes current evidence on treatment of symptomatic human rabies with 

emphasis on the Milwaukee Protocol. 

Materials and Methods 

We synthesized published case reports, experimental studies, and review articles addressing 

therapies of clinical rabies and the Milwaukee Protocol. Key outcomes were survival, functional 

recovery, and reported adverse events. Limitations of the evidence base are highlighted. 

Results 

Documented recoveries prior to 2004 were rare but reported under intensive supportive care. 

The original Milwaukee Protocol case displayed substantial recovery and prompted iterative 

protocol versions. Subsequent application of the protocol worldwide has produced numerous 

reported failures; published, verifiable survivor accounts after 2004 remain scarce. 

Experimental data provide limited mechanistic support for core elements of the protocol. 

Mortality has not been convincingly reduced beyond outcomes achievable with modern 

intensive supportive care alone. 

Conclusions 

Current evidence does not conclusively support the Milwaukee Protocol as an effective, 

reproducible curative treatment for clinical rabies. High-quality clinical reporting and 

standardized case registries are needed before the protocol can be eventually recommended or 

totally abandoned. Meanwhile, prevention through vaccination of dogs and timely post-

explosure prophylaxis remains the cornerstone of rabies control. 
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Introduction 

Even though many rabies control efforts are taken all around the world and both pre-exposure 

(PrEP) and post-exposure prophylaxis (PEP) is available, the disease still remains deadly – 

mainly in developing countries of Africa and Asia. The most current estimates suggest around 

44 000 human deaths each year in over 150 countries. Furthermore, it is important to 

acknowledge that human rabies remains substantially underreported in many regions of the 

world. [1] 

Rabies is a zoonotic disease caused by rabies virus (RABV) - a single stranded RNA virus, a 

part of the Rhabdoviridae family of viruses and genus Lyssavirus. It is transmitted through 

direct contact between human mucosal surfaces (such as open wounds or the eyes) and the 

saliva, urine, sweat, or neural tissues of an infected animal. Dogs are responsible for the vast 

majority of human rabies infections, accounting for around 99% of cases; however, 

transmission can occur from any infected mammal. [2]  

The virus attacks central nervous system and causes an acute progressive encephalitis. Firstly 

it migrates from the site of the entry into the peripheral nerves, eventually reaching the brain, 

where it replicates and causes cerebral damage. Later it spreads centrifugally along the 

autonomic and sensory nerves to various organs – for example heart, skin and salivary glands. 

[3] [4]  

The incubation period usually lasts 1–3 months, but it may fluctuate between a few days and 

even over a year. The disease has 2 main forms - encephalitic (furious or classical) and paralytic 

(dumb) rabies. The encephalitic form is more common (80% of cases) and is characterized by 

generalized hyperexcitability with autonomic dysfunction - hypersalivation, sweating, 

piloerection - and unique symptoms such as hydrophobia and aerophobia. Eventually the 

disease leads to quadriparesis, coma and death caused by cardiopulmonary complications and 

multiple organ failure.  
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Patients with the paralytic rabies live approximately 41% longer than patients with encephalitic 

form. These patients are initially often alert, the weakness of muscles usually starts from the 

wound site and progresses gradually to quadriparesis. 

Both forms of the disease are almost invariably fatal, with death typically occurring within 14 

days of symptom onset. No established treatment exists for rabies once clinical symptoms 

appear. [3][5] 

The aim of this study is to summarize the current knowledge on the treatment of rabies in 

patients who have already developed clinical symptoms, with particular emphasis on the most 

structured treatment approach—the Milwaukee protocol. [6] 

Materials and Methods 

This narrative literature review was conducted using structured searches of PubMed and Google 

Scholar. Search terms included: "human rabies", "milwaukee protocol","rabies treatment" and 

"rabies survivors". Peer-reviewed case reports, experimental studies, reviews, and clinical 

guidelines addressing symptomatic human rabies treatment were included. Studies focusing 

solely on prophylaxis without treatment of clinical cases were excluded. Data on survival, 

functional outcomes, and therapeutic interventions were extracted, organized, and synthesized 

into a narrative overview highlighting current evidence, gaps, and areas of ongoing debate. AI-

assisted language tools were used during manuscript preparation to enhance grammatical 

accuracy, clarity, and coherence. These tools were employed solely for stylistic refinement and 

did not influence the interpretation of data or the conclusions of the review. 

Limitations in Current Rabies Therapeutic Research 

There are several reasons why an effective treatment for rabies has not yet been developed. 

Although rabies continues to cause numerous deaths worldwide, the disease is rare in high-

income countries due to the effectiveness of pre- and post-exposure prophylaxis. As a result of 

this rarity, relatively few resources are devoted to research. [7][8] 

Therapeutic development is further complicated by the biological diversity of rabies viruses. 

Numerous RABV variants circulate simultaneously— for example only in the United States: 

raccoon, skunk, and multiple bat variants. [9] 

Progress is also hampered by an incomplete understanding of RABV pathogenesis and 

mechanisms of neuronal damage. Experimental models often rely on attenuated viruses rather 

than “street” viruses, and these differ substantially in EEG patterns, REM sleep alterations and 
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disease course. As a result, laboratory discoveries may not translate effectively to naturally 

occurring infections. 

Furthermore drug delivery to the central nervous system remains difficult due to the blood–

brain and spinal cord barriers. Achieving therapeutic concentrations of drugs in the CNS in vivo 

poses a significant challenge. [8] 

The First Documented Survivals 

The first well-documented human case of recovery from rabies was published in 1972. A 6-

year-old boy was bitten by a bat. A 14-day course of vaccination was initiated 4 days after the 

bite. Incubation period lasted 20 days. The treatment focused on prevention of all curable rabies 

complications. Aggressive supportive care included tracheostomy, tracheal suctioning, oxygen 

therapy (respiratory difficulties, prevention of hypoxia), withdrawal of intraventricular fluid 

(increase of intracranial pressure) and anticonvulsant therapy (focal seizure). No specific 

antirabies medication was applied. The patient recovered without long-lasting complications. 

[10]  

From 1972 to 2004, four other case reports [11][12][13][14] documented patients who survived 

rabies. All of these patients received conventional care and continued to display persistent 

cerebellar and striatal signs. [15] At least 2 of these patients had received prophylactic rabies 

vaccine before the onset of illness. 

Milwaukee Protocol (MP) 

In 2004, in Wisconsin (USA) a 15-year-old girl developed rabies one month after being bitten 

by a bat. No rabies preexposure or postexposure prophylaxis was given. The patient managed 

to survive the disease. [16] According to follow-up report, over 2 years after the exposure, the 

patient had no trouble carrying out complex daily tasks, including driving a car and studying. 

She experienced only mild neurological deficits such as variable dysarthria and gait problems, 

along with occasional sensations of cold in her feet. [15] 

Her treatment — later called the Milwaukee Protocol — gained widespread attention and was 

promoted as a novel therapeutic option for symptomatic patients with human rabies. 

Therapeutic coma was induced using intravenous midazolam and adjunctive  phenobarbital to 

sustain a burst-suppression pattern on the electroencephalogram. Management included 

NMDA-receptor antagonists such as a continuous IV ketamine infusion and enteral amantadine. 

Antiviral treatment with intravenous ribavirin was also provided. [17] 
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Since 2005, the Milwaukee protocol has been gradually revised based on outcomes from new 

patients. 

The second version of the MP (2007) involved introducing tetrahydrobiopterin (BH4) 

supplementation into the treatment protocol. BH4 serves as a cofactor for several enzymes, 

including neuronal nitric oxide synthase (nNOS) and is essential for the synthesis of 

monoamine neurotransmitters. A deficit of BH4—resulting in a pathological reduction of 

dopaminergic and serotonergic signaling—was identified and impairment of nNOS function 

has been shown to cause cerebral arterial constriction. [18][19][20] 

In addition, a 7-day sedation protocol was adopted to mitigate dysautonomia, while ribavirin 

was discontinued because of its immunosuppressive effects, potentially diminishing the 

antibody-mediated response - critical for recovery from rabies. Barbiturates were also excluded 

from the treatment protocol due to immunosuppressive properties. [20][7][21] 

The next modification of the MP (2009) identified cerebral edema in bat-associated rabies and 

started the quantification of quinolinate in cerebrospinal fluid using nuclear magnetic resonance. 

Quinolinate, a potent N-methyl-D-aspartate (NMDA) receptor agonist, is capable of inducing 

excitotoxic neuronal injury, and its concentrations in rabies patients are higher than those 

observed in most other neurological infections. According to research [22] in survivors, 

quinolinate levels decreased over time toward normal ranges, whereas in patients with fatal 

outcomes, concentrations continued to rise. These observations provided also a mechanistic 

rationale for including ketamine in the treatment protocol, as it mitigates neuronal injury by 

inhibiting quinolinate-mediated NMDA receptor activation. [21][22] 

Version 4 (2012) reported the occurrence of atrioventricular conduction abnormalities in dog-

transmitted rabies and introduced fludrocortisone as prophylaxis against cerebral salt wasting.  

In 2017, the protocol was expanded to include bedside diagnostic methods alongside antiviral 

treatment.  

Version 6 (2018) integrated viral lineage, vaccine-related immunologic effects, and patterns of 

antiviral responsiveness into prognostic modeling. 

The most recent iteration of the protocol (2025) targets all seven recognized clinical phenotypes 

through a combination of antiviral agents and gene-based therapies. These phenotypes, shaped 

by viral phylogeny, prior exposure to biologic interventions, and the route of infection, exhibit 

distinct patterns of therapeutic responsiveness. [21] 
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The current protocol is available online. It starts with a structured decision-making. The 

decision tree begins by identifying the source of exposure, distinguishing between contact with 

a dog, a vampire bat, an insectivorous bat, a cat, or a primate such as a marmoset, as well as 

exposures associated with organ or tissue transplantation. For each exposure category, the next 

step is to determine whether the patient has previously received rabies vaccination or 

immunoglobulin. Subsequently, all branches converge on an assessment whether the patient is 

immunosuppressed. The algorithm directs the clinician toward one of several designated 

therapeutic pathways within the protocol, labelled from A to K. [6] 

Effects of the treatment with the Milwaukee Protocol 

Despite the initial widespread hope, the Milwaukee Protocol has been reported to fail in at least 

64 documented cases. Meanwhile, at least 34 patients have survived rabies through intensive 

critical care without the main components of the Milwaukee Protocol. [23] 

An online registry of patients treated with the Milwaukee Protocol is publicly available [6]; 

however, it lacks case-level clinical details, does not clarify the actual number of alleged 

survivors, and provides no verifiable data in any published form. The protocol’s creator has 

stated that 18 of 117 patients treated by various physicians worldwide reportedly survived, yet 

almost none [24][25] of these cases has been documented in credible, peer-reviewed 

publications. Consequently, there is no transparent evidence demonstrating that the protocol is 

effective. [23][21] 

Proponents of the protocol acknowledge that detailed accounts of survivors have not been 

published. They emphasize that most purported survivors are from low- and middle-income 

countries (LMICs), where substantial clinical demands, linguistic constraints, and 

administrative structures frequently impede the preparation of detailed case reports. As a result, 

they rely on aggregate intention-to-treat data, which they present as evidence of enhanced 

survival compared with other standard care. [21] 

Laboratory Studies on the Milwaukee Protocol  

Experimental investigations of the Milwaukee Protocol, both in vitro and in vivo, have provided 

little support for its efficacy. 

Ketamine, a dissociative anesthetic and NMDA receptor antagonist, was initially considered a 

potential treatment for rabies after early laboratory studies showed that high concentrations 

inhibited viral replication in vitro and reduced infection in specific brain regions in a rat model. 

[26] These preliminary findings led to its inclusion in the Milwaukee Protocol. However, later 
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and more comprehensive in vitro and in vivo investigations failed to confirm any therapeutic 

benefit. [27] 

Amantadine, an NMDA channel blocker, was incorporated into the Milwaukee Protocol 

following in vitro findings indicating reduced rabies virus production. However, studies with a 

mouse model did not confirm any therapeutic effect. [28] To date, no antiviral agent has 

demonstrated clinical efficacy against rabies. [23] 

Although therapeutic coma is effective in treating refractory status epilepticus and managing 

traumatic brain injury by reducing neuronal activity and metabolic demand, its use in rabies 

lacks a clear scientific rationale. [23] Early hypotheses suggested that excitotoxicity might play 

a significant role in rabies pathogenesis, leading to the proposal that NMDA receptor 

antagonists combined with GABAergic agents could provide neuroprotection. However, 

studies in cell cultures and mouse models have not confirmed this hypothesis. [27] 

Conclusions 

At present, the medical community remains divided regarding the Milwaukee Protocol. Some 

advocate for its continued use [21], while others argue that it should be abandoned entirely, as 

intensive supportive care appears to be the only consistently effective component of the 

protocol. [23] Although the original 2004 survivor generated global interest, subsequent clinical 

experience has not confirmed any reproducible benefit of the protocol and no alternative 

curative therapy for symptomatic human rabies can currently be recommended. 

Despite its lack of proven efficacy, the ongoing evolution of the Milwaukee Protocol reflects a 

meaningful effort to integrate emerging insights into rabies pathogenesis, host immune 

responses, and viral diversity. Its revisions demonstrate a willingness to adapt therapeutic 

strategies in response to new experimental findings and clinical observations. Although these 

adaptations have not yet translated into improved patient outcomes, the protocol’s iterative 

development underscores the broader need for flexible, hypothesis-driven approaches in the 

pursuit of a future curative therapy. 

Progress toward such a therapy will depend on transparent international reporting, standardized 

registries, collaborative multicenter studies, and improved translational models that more 

accurately reflect natural infection. Until credible evidence emerges, the Milwaukee Protocol 

should not be regarded as a proven or recommended therapy. 

In parallel, the broader fight against rabies continues. The WHO and its global partners have 

committed to elimination of dog-mediated human rabies by 2030, reinforcing this goal through 
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coordinated international action and widespread implementation of both pre- and post-exposure 

prophylaxis. [1] Nevertheless, the search for a curative treatment must remain a priority, as 

prevention alone cannot fully address the global burden of this disease. 

Disclosure 

Author’s contribution  

Conceptualization: Maciej Kozicki and Karolina Bartkiewicz and Karolina Domosud  

Methodology: Julia Kostro and Karolina Bartkiewicz and Karolina Domosud  

Investigation: Magdalena Papież and Zofia Jędra and Julia Kostro 

Data curation: Magdalena Papież and Zofia Jędra and Julia Kostro 

Formal analysis: Gabriela Makulec and Damian Zienkiewicz and Lizaveta Novik  

Visualization: Gabriela Makulec and Damian Zienkiewicz and Anna Libera  

Writing – original draft: Julia Kostro and Karolina Bartkiewicz and Karolina Domosud  

Writing – review and editing: Anna Libera and Lizaveta Novik  

Supervision: Julia Kostro, Lizaveta Novik and Maciej Kozicki 

Project administration: Julia Kostro 

 

Funding Statement: This research has not received any special funding. 

Institutional Review Board Statement: Not Applicable. 

Informed Consent Statement: Not Applicable. 

Data Availability Statement: Not Applicable. 

Acknowledgements: This research has not received any administrative or technical support. 

Conflict Of Interest: The authors declare no conflict of interest. 

All authors have read and agreed with the published version of the manuscript. 

 

Bibliography 

1. Routine health information system and health facility data for neglected tropical diseases: rabies. 

Geneva: World Health Organization; 2025. Licence: CC BY-NC-SA 3.0 IGO 

2. Fooks, A., Cliquet, F., Finke, S. et al. Rabies. Nat Rev Dis Primers 3, 17091 (2017). 

https://doi.org/10.1038/nrdp.2017.91 

3. Jackson AC. Human Rabies: a 2016 Update. Curr Infect Dis Rep. 2016 Nov;18(11):38. doi: 

10.1007/s11908-016-0540-y. PMID: 27730539. 

4. Liu C, Cahill JD. Epidemiology of Rabies and Current US Vaccine Guidelines. R I Med J (2013). 

2020 Aug 3;103(6):51-53. PMID: 32752569. 

https://doi.org/10.1038/nrdp.2017.91


 

11 

5. Scott TP, Nel LH. Lyssaviruses and the Fatal Encephalitic Disease Rabies. Front Immunol. 2021 

Dec 2;12:786953. doi: 10.3389/fimmu.2021.786953. PMID: 34925368; PMCID: PMC8678592. 

6. Willoughby RE Jr. Rabies treatment protocol and registry, 2025. Available at: 

https://www.mcw.edu/departments/pediatrics/divisions/infectious-diseases/rabies-registry-

website, access: December 1, 2025 

7. Appolinario CM, Jackson AC. Antiviral therapy for human rabies. Antivir Ther. 2015;20(1):1-

10. doi: 10.3851/IMP2851. Epub 2014 Aug 26. PMID: 25156675. 

8. Lacy M, Phasuk N, Scholand SJ. Human Rabies Treatment-From Palliation to Promise. Viruses. 

2024 Jan 22;16(1):160. doi: 10.3390/v16010160. Erratum in: Viruses. 2024 Feb 07;16(2):264. 

doi: 10.3390/v16020264. PMID: 38275970; PMCID: PMC10819634. 

9. Ma X, Bonaparte S, Corbett P, Orciari LA, Gigante CM, Kirby JD, Chipman RB, Fehlner-

Gardiner C, Thang C, Cedillo VG, Aréchiga-Ceballos N, Rao A, Wallace RM. Rabies 

surveillance in the United States during 2021. J Am Vet Med Assoc. 2023 Mar 8;261(7):1045-

1053. doi: 10.2460/javma.23.02.0081. PMID: 36884381. 

10. Hattwick MA, Weis TT, Stechschulte CJ, Baer GM, Gregg MB. Recovery from rabies. A case 

report. Ann Intern Med. 1972 Jun;76(6):931-42. doi: 10.7326/0003-4819-76-6-931. PMID: 

5063659. 

11. Madhusudana SN, Nagaraj D, Uday M, Ratnavalli E, Kumar MV. Partial recovery from rabies 

in a six-year-old girl. Int J Infect Dis. 2002 Mar;6(1):85-6. doi: 10.1016/s1201-9712(02)90144-

x. PMID: 12118432. 

12. Porras C, Barboza JJ, Fuenzalida E, Adaros HL, Oviedo AM, Furst J. Recovery from rabies in 

man. Ann Intern Med. 1976 Jul;85(1):44-8. doi: 10.7326/0003-4819-85-1-44. PMID: 180860. 

13. Rabies in a laboratory worker -- New York. MMWR Morb Mortal Wkly Rep 1977;26:183-184 

14. Follow-up on rabies -- New York. MMWR Morb Mortal Wkly Rep 1977;26:249-250 

15. Hu WT, Willoughby RE Jr, Dhonau H, Mack KJ. Long-term follow-up after treatment of rabies 

by induction of coma. N Engl J Med. 2007 Aug 30;357(9):945-6. doi: 10.1056/NEJMc062479. 

PMID: 17761604. 

16. Willoughby RE Jr, Tieves KS, Hoffman GM, Ghanayem NS, Amlie-Lefond CM, Schwabe MJ, 

Chusid MJ, Rupprecht CE. Survival after treatment of rabies with induction of coma. N Engl J 

Med. 2005 Jun 16;352(24):2508-14. doi: 10.1056/NEJMoa050382. PMID: 15958806. 

17. Jackson AC. Current and future approaches to the therapy of human rabies. Antiviral Res. 2013 

Jul;99(1):61-7. doi: 10.1016/j.antiviral.2013.01.003. Epub 2013 Jan 29. PMID: 23369672. 

18. Willoughby RE, Opladen T, Maier T, Rhead W, Schmiedel S, Hoyer J, Drosten C, Rupprecht 

CE, Hyland K, Hoffmann GF. Tetrahydrobiopterin deficiency in human rabies. J Inherit Metab 

https://www.mcw.edu/departments/pediatrics/divisions/infectious-diseases/rabies-registry-website
https://www.mcw.edu/departments/pediatrics/divisions/infectious-diseases/rabies-registry-website


 

12 

Dis. 2009 Feb;32(1):65-72. doi: 10.1007/s10545-008-0949-z. Epub 2008 Oct 25. PMID: 

18949578. 

19. Willoughby RE, Roy-Burman A, Martin KW, Christensen JC, Westenkirschner DF, Fleck JD, 

Glaser C, Hyland K, Rupprecht CE. Generalised cranial artery spasm in human rabies. Dev Biol 

(Basel). 2008;131:367-75. PMID: 18634498. 

20. Willoughby RE. Are we getting closer to the treatment of rabies? Future 

Virology. 2009;4(6):563-570. doi:https://doi.org/10.2217/fvl.09.52 

21. Willoughby RE. Premature Demise of the Milwaukee Protocol. Clin Infect Dis. 2025 Jun 

3:ciaf275. doi: 10.1093/cid/ciaf275. Epub ahead of print. PMID: 40456528. 

22. O'Sullivan A, Willoughby RE, Mishchuk D, Alcarraz B, Cabezas-Sanchez C, Condori RE, 

David D, Encarnacion R, Fatteh N, Fernandez J, Franka R, Hedderwick S, McCaughey C, 

Ondrush J, Paez-Martinez A, Rupprecht C, Velasco-Villa A, Slupsky CM. Metabolomics of 

cerebrospinal fluid from humans treated for rabies. J Proteome Res. 2013 Jan 4;12(1):481-90. 

doi: 10.1021/pr3009176. Epub 2012 Nov 30. PMID: 23163834; PMCID: PMC4824192. 

23. Jackson AC. Demise of the Milwaukee Protocol for Rabies. Clin Infect Dis. 2025 Nov 

6;81(4):e229-e232. doi: 10.1093/cid/ciaf157. PMID: 40139921; PMCID: PMC12598665. 

24. Wiedeman J, Plant J, Glaser C, Messenger S, Wadford D, Sheriff H, et al. Recovery of a patient 

from clinical rabies--California, 2011. MMWR Morb Mortal Wkly Rep 2012 Feb 3;61(4):61-

5. 

25. Lu A, Shah P, Shen P, Lee P, Nidecker AE, Nundkumar A, Latchaw R, Bobinski M. Temporal 

evolution on MRI of successful treatment of rabies. Clin Imaging. 2015 Sep-Oct;39(5):893-6. 

doi: 10.1016/j.clinimag.2015.04.013. Epub 2015 Apr 25. PMID: 25956434. 

26. Tsiang H, Ceccaldi PE, Ermine A, Lockhart B, Guillemer S. Inhibition of rabies virus infection 

in cultured rat cortical neurons by an N-methyl-D-aspartate noncompetitive antagonist, MK-

801. Antimicrob Agents Chemother. 1991 Mar;35(3):572-4. doi: 10.1128/AAC.35.3.572. 

PMID: 1674849; PMCID: PMC245052. 

27. Weli SC, Scott CA, Ward CA, Jackson AC. Rabies virus infection of primary neuronal cultures 

and adult mice: failure to demonstrate evidence of excitotoxicity. J Virol. 2006 

Oct;80(20):10270-3. doi: 10.1128/JVI.01272-06. PMID: 17005706; PMCID: PMC1617316. 

28. Superti F, Seganti L, Panà A, Orsi N. Effect of amantadine on rhabdovirus infection. Drugs Exp 

Clin Res. 1985;11(1):69-74. PMID: 3013559. 


