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A B S T R A C T   

In the past two decades, countries like Malaysia, Singapore, Bangladesh, and India have recorded several cases of 
Nipah virus (NiV) infection. Following the 2018 NiV outbreak in the Kozhikode district of Kerala, India that 
claimed 17 lives, there has been a recent re-emergence of the virus in the same district, causing the recently 
reported death of a 12-year-old boy. Accordingly, population panic has heightened as inhabitants of these areas 
try to together combat the existing COVID-19 pandemic alongside the emerging NiV infection. Although the rate 
of transmission of NiV is low as compared to coronavirus disease 2019 (COVID-19), scientists suggest a higher 
mortality rate from NiV infection. In this manuscript, we aim to discuss the NiV infection in India as well as 
suggest recommendations to contain and ameliorate the severe impact of the virus on affected populations.   

1. Introduction 

In the early hours of Sunday, September 5, 2021, the people of 
Pazhur village in Kerala’s Kozhikode district woke up to the news that a 
tree climber, Vichutti, had lost his son, Muhammad Hashim, after 
consuming the rambutan fruits he picked by the riverside. Hashim died 
due to Nipah virus (NiV) infection, the first case in Kerala after the state 
reported and controlled the May 2018 virus outbreak, during which 17 
individuals lost their lives. The death of Hashim has created panic in 
Southern India as the state battles containing both coronavirus disease 
2019 (COVID-19) and Niv concurrently. 

Nipah virus (NiV) is a pleomorphic virus with an outer wrapping 
belonging to the paromyxoviridae family and the henipavirus genus. The 
genetic component of the virus consists of an RNA that is single- 
stranded, negative, unsegmented and encodes for six genes including 
nucleocapsid (N), phosphoprotein (P), matrix (M), fusion protein (F), 
glycoprotein (G) and RNA polymerase (L) [1]. As a zoonotic virus, bats 

from the genus pteropus serve as natural reservoirs of NiV. The virus is 
categorized under the Category C priority pathogen and a biological 
safety level 4 (BSL-4) pathogen by the Centers for Disease Control and 
Prevention (CDC). 

The first cases were reported in Malaysia and Singapore between 
1998 and 1999 after its discovery in Sungai Nipah where it took its 
origin [2]. Following the initial outbreaks in Malaysia and Singapore, 
India recorded outbreaks in 2001 and 2007. Bangladesh also reported 
eight outbreaks from 2001 to 2012 [3]. In Kozhikode district, Kerala, 
India, another outbreak was reported on May 19, 3018 [3]. The most 
recent incidence of NiV infection was reported on September 5, 2021, in 
the same Kozhikode district, Kerala, India. As COVID-19 continues to 
rage in some countries, complications in rapid diagnosis and treatment 
of NiV infection can occur [4–10]. 

As a result of the high fatality rate of NiV infection, this paper out-
lines the epidemiology, aetiology, transmission, diagnosis, clinical 
management and prevention control measures of the NiV to share 
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knowledge that is imperative to control the virus effectively. 

2. Epidemiology and outbreak of Nipah virus in India 

In India, Siliguri, West Bengal recorded a significant NiV epidemic in 
2001 with 66 presumed cases and 45 deaths. The Nadia district in West 
Bengal experienced a minor outbreak in 2007 with five cases and a 
100% fatality. These epidemics occurred over the border from the Nipah 
belt in Bangladesh. The Kerala districts of Kozhikode and Malappuram 
recorded a NiV outbreak in May 2018, although a southern state on the 
west coast that is geographically isolated from areas that were formerly 
affected and where date palm sap intake is not widespread. The index 
case remained undetected in Siliguri in 2001. However, the patient was 
hospitalised at the Siliguri District Hospital and later infected 11 pa-
tients at the same hospital. 

Further transmission affected 25 employees and eight visitors after 
said infected patients were transferred to other hospitals [1]. In the 2007 
epidemic, an individual developed the disease after consuming date 
palm-derived alcohol. The rest, including one healthcare professional, 
became infected from the initial case [2]. 

As of June 1, 2018, there had been 18 confirmed cases of NiV 
infection and 17 fatalities due to the virus [3]. All of the cases were in 
the economically productive age range, with no sex difference [11,12]. 
During the 2018 epidemic, no less than one healthcare practitioner ac-
quired the virus in a healthcare facility [13–15]. The most recent 
epidemic of the NiV was reported on Sunday, September 5, 2021, in 
Kozhikode district, Kerala, India. A 12-year-old boy, Hashim, died after 
eating rambutan fruits gathered by his father, Vichutti, along the 
riverbank. As seen above, all NiV outbreaks occurring in India have been 
transmitted from person to person. 

3. Aetiology of Nipah virus infection 

The spread of the virus can occur through direct contact with 
infected animals or the consumption of food or fruits contaminated with 
the body fluids of infected animals like bats and pigs. Infection can also 
occur when an individual comes in close contact with an infected person 
or their bodily fluids, including urine, blood, nasal droplets, and saliva. 
Reports show that in Malaysia, humans became infected with the virus 
through pigs which act as intermediate hosts of the virus [16]. These 
pigs can become infected through the consumption of contaminated 
fruits by bats infected with the virus [17]. Similarly, humans can become 
infected through the consumption of infected pigs or bats. The virus can 
also spread from person to person through direct contact with infected 
individuals or contact with aerosols from said infected individuals. 

A report in Bangladesh that showed some persons infected with the 
virus had eaten raw palm sap approximately 30 days before disease 
onset. This proposes that contaminated palm sap by infected bats may 
serve as the causative agent [18]. There was also a high rate of 
person-to-person transmission in Bangladesh [19,20]. Similarities exist 
between the NiV outbreaks in Bangladesh and India as they were both 
characterized by person-to-person transmission [20]. To note, these 
outbreaks were majorly healthcare-associated as hospital staff and 
caregivers were mostly affected [21]. Although the information is not 
proven, the Siliguri outbreak is said to have begun in Kerala where the 
index patient was reported to have caught the virus from infected fruit 
bats. Further infection occurred through hospital exposure; hence the 
rate of person-to-person transmission in Kerala was high and like those 
in Bangladesh and Bengal [21,22]. 

4. Relationship between coronavirus and Nipah virus 

There have been speculations among scientists that the next 
pandemic agent after COVID-19 could most likely be NiV. However, in 
states like Kerala, COVID-19 precautions have helped mitigate the 
spread of the NiV. NiV infection, like COVID-19, is also a respiratory 

disease and thus, shows similar symptoms. However, loss of sense of 
smell and taste, which has been noted as a characteristic symptom of 
COVID-19 infection, is not common with NiV infection. Similarly, some 
persons who contract NiV remain asymptomatic. 

The WHO estimates that the NiV fatality rate is high (40–45%), 
making it far deadlier than COVID-19, which has a mortality rate be-
tween 0.1% and 19% depending on the region of infection. Unlike with 
COVID-19 when infected individuals are most infectious before symp-
toms appear, NiV patients demonstrate peak infectious potential during 
symptomatic stages. To note, although the fatality rate of NiV infection 
is high, it is less transmissible than COVID-19. 

5. Clinical signs and symptoms 

Variations occur with the incubation period of NiV across several 
regions. The incubation period in Malaysia was observed to range be-
tween four days to two months. The incubation period span ten days and 
6–14 days in Bangladesh and Kerala respectively [22–24]. Clinical fea-
tures of NiV infection are broad, ranging from asymptomatic to severe. 
Respiratory distress, nausea, vomiting, headache, fever, and acute en-
cephalitis are major clinical features associated with NiV infection. 
Other symptoms, such as behavioural distortion, disorientation, pneu-
monia, and diminished consciousness, have been reported in some pa-
tients [25–27]. Muscle pain, cough, nervous system disturbances, 
seizures, and encephalitis alongside other general symptoms were 
observed in infected persons during the Kerala outbreak [28–34]. 
Higher rates of cases characterized by respiratory discomfort were 
particularly observed in Bangladesh and India outbreaks [35]. 

6. Diagnosis 

Early detection serves as the rate-limiting step in containing the 
spread of the virus and mitigating its fatality rate. Diagnosis can be done 
in both live patients and deceased carriers. In live patients, samples like 
cerebrospinal fluid, throat swab, nasal swab, blood, and urine can be 
used for the diagnosis of NiV infection. Samples such as spleen, kidney 
and lung biopsy can be used for diagnosis in dead patients. Isolation and 
propagation of NiV-infected patients require enhanced biosafety level 3 
and 4 facilities. A wide array of tests can be employed in the detection of 
NiV, including virus isolation and neutralization, immunohistochem-
istry, molecular and serological assays, and enzyme-linked immuno-
sorbent assay (ELISA), and polymerase chain reaction (PCR) [36]. NiV 
culture can be performed using Vero cells and within three days, cyto-
pathic effects can be observed [37]. 

PCR is the most sensitive and widely used method of diagnosing NiV. 
Several types of PCR tests have been developed for NiV detection 
including conventional reverse transcriptase (RT)-PCR, nested RT-PCR, 
and real-time RT-PCR (the most widely used test yielding a sensitivity of 
1000 times more than conventional PCR) [38]. Noteworthy is the pos-
sibility of such techniques being compromised if the viral genome be-
comes mutated [36,38]. Although PCR is the most preferred diagnostic 
method, NiV-specific immunoglobulin M ELISA can be used as an 
alternative approach in the absence of PCR [39]. Immunohistochemical 
assays provide post-mortem confirmation of NiV diagnosis in fatal cases. 
Viral isolation and neutralization assays are employed for general 
confirmation of NiV and are confined to BSL-4 facilities with strict safety 
measures [36]. 

7. Treatment 

Treatment available to infected individuals is currently limited to 
supportive care, as there are no approved treatments for NiV infection. 
Ribavirin and acyclovir have been administered during past outbreaks to 
treat NiV infection. Ribavirin was administered either intravenously or 
orally to patients presenting with NiV encephalitis in Malaysia and 
approximately a 36% decrease in the mortality rate was observed [40]. 
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In Singapore, acyclovir was administered to all patients presenting with 
NiV encephalitis and only one case of death was reported. Although 
there is supporting evidence of the use of these drugs in managing NiV, 
their role in the treatment of NiV remains unclear [40,41]. Recently, 
there have been ongoing investigations on the potency of vaccine 
administration and the efficacy of antiviral therapies in the treatment of 
NiV infection. This shows hope for a better NiV prognosis in the future 
[42,43]. However, due to the increased mortality rate of NiV infection 
and its severe impact on community health, specific antiviral agents 
must be developed for the early treatment of infected individuals. 

8. Prevention and control 

Preventive and control measures focus on proper identification of 
infected individuals and further isolation to contain the outbreak. 
Transmission of NiV from patient to health worker or caregiver can be 
controlled through regular hand washing and avoiding shared foods and 
bedding with infected patients [4,5]. It is important to wear protective 
personal equipment (PPE), such as face masks and gloves while handling 
the corpse of an infected individual to prevent contracting the virus from 
the infected corpse [6–8,10,44]. In low-resource countries with limited 
access to PPE, handwashing with soap and water after contact with the 
corpse of an infected person can provide some level of protection against 
the disease [45,46]. The transmission of NiV to health workers can be 
mitigated by encouraging adequate handwashing practices, stringent 
use of PPE, and the isolation of infected patients [45]. 

Preventive measures, such as the bamboo skirt method, can be used 
to reduce date palm sap contamination. This bamboo skirt method 
typically involves the hanging of the pot over a bamboo skirt and 
covering its shaved part and mouth. Another method is the sap branch 
technique which involves the covering of the shaved part of the tree with 
branches from the same tree or with clothes or a mosquito net [47,48]. 
Fruits should be properly washed and after each preparation, individuals 
should ensure their hands are thoroughly washed to prevent the spread 
of the disease [49]. Awareness campaigns can be organized in commu-
nities to educate the public on the risk factors as well as buttress the 
importance of strict adherence to preventive measures in containing the 
spread of the virus [9,50–53]. 

Media communication like television, radio channels, posters as well 
as physical-based programs can be utilized to improve awareness of the 
virus among different populations, especially among impoverished 
populations [34,47,54–56]. 

9. Efforts to mitigate the disease 

During the 2019 outbreak in Kearala, the Union Health Minister 
formed a specialized team to appraise and counter the NiV outbreak. 
This team was formed by physicians (neurologists and Infectious disease 
experts), microbiologists and public health experts [57–59]. Pre-set 
guidelines to address the outbreak were already prepared following 
the experiences of previous outbreaks [60]. The main roles and re-
sponsibilities of this team included: Addressing the diagnostic and 
treatment guidelines, epidemiological and risk assessment studies, 
containment measures, addressing the dead body disposal protocols, 
emergency operations activation, and reporting events to the interna-
tional authorities. Veterinary experts also played a major role in iden-
tifying and sting the diseased bats. Moreover, the directorate of health in 
Kerala as well as the State Programme Officer of the Integrated Disease 
Surveillance Programme put on efforts for infection control by estab-
lishing control rooms, contact tracing program, cremation guidelines, 
providing resources, and ensuring proper handling infected medical 
wastes management. To add, the Nipah cell (District Rapid Response 
Team), composing of public health experts as well as computers and 
information technology experts, developed a cyber space monitoring 
and worked on raising awareness through informative videos and 
posters [56,61,62]. 

Despite all these measures to control the disease, yet a lack of specific 
antiviral treatments and vaccination measures still impose a high mor-
tality risk on the population. Health authorities should focus more on 
clinical trials to speed up the vaccination innovation, and to emphasize 
more on the effectiveness of the mentioned measures taken by the 
government in mitigating the disease. 

10. Conclusion and recommendation 

Over the past two decades, NiV outbreaks have been recorded in 
several countries ranging from Malaysia, Singapore, and Bangladesh, 
with the most recent reports in Kerala, India. Such outbreaks have posed 
a significant threat to the economy and community health of affected 
countries owing to the high mortality and mobility rate of the NiV 
infection. Furthermore, expert scientists have speculated that NiV may 
potentially classify as the next pandemic agent after COVID-19. Conse-
quently, it is pertinent that preparedness and sufficient awareness 
among the public, especially those of affected regions, are implemented 
to control and effectively contain NiV outbreaks. Additionally, banning 
the transportation of pigs in affected regions and improved hygiene 
practices at pig operation centers are highly recommended. Moreover, 
collaborative efforts should be made toward the accelerated develop-
ment of specific treatment regimens to prevent any further emergence of 
NiV. 

Provenance and peer review 

Not commissioned, externally peer reviewed. 

Please state any sources of funding for your research 

None. 

Ethical approval 

Not Applicable. 

Consent 

Not Applicable. 

Author contribution 

Olivier Uwishema: Conceptualization, Project administration, 
Writing-review and Designing, Kamsi Olivia Muoka: Collection and 
assembly of data, Olivier Uwishema – Reviewed and edited the first 
draft, supervisor, Jack Wellington – Reviewed and edited the second 
draft. Helen Onyeaka: Reviewed and edited the final draft, Supervisor, 
Christin Berjaoui and Olivier Uwishema: Worked on revision, 
Manuscript writing: All authors, Final approval of manuscript: All 
authors. 

Registration of research studies  

1. Name of the registry: Not Applicable  
2. Unique Identifying number or registration ID: Not Applicable  
3. Hyperlink to your specific registration (must be publicly accessible 

and will be checked): Not Applicable 

Guarantor 

Olivier Uwishema: Principal Investigator (PI) 

Data availability statement 

Not Applicable. 

O. Uwishema et al.                                                                                                                                                                                                                             



Annals of Medicine and Surgery 82 (2022) 104599

4

Declaration of competing interest 

No conflicts of interest declared. 

Acknowledgement 

None. 

References 

[1] B.H. Harcourt, A. Tamin, T.G. Ksiazek, P.E. Rollin, L.J. Anderson, W.J. Bellini, P. 
A. Rota, Molecular characterization of Nipah virus, a newly emergent 
paramyxovirus, Virology 271 (2) (2000) 334–349. 

[2] M.K. Lo, P.A. Rota, The emergence of Nipah virus, a highly pathogenic 
paramyxovirus, J. Clin. Virol. 43 (4) (2008) 396–400. 

[3] World Health Organization. Nipah virus outbreaks in the WHO South-East Asia 
Region. SEARO. Available from: http://www.searo.who.int/entity/emerging_dis 
eases/links/nipah_virus_outbreaks_sear/en/[accessed October 10, 2021]. 

[4] O. Uwishema, R. Badri, H. Onyeaka, M. Okereke, S. Akhtar, M. Mhanna, B. Zafar, 
A. Zahabioun, K.A. Said, M.R. Tovani-Palone, Fighting tuberculosis in Africa: the 
current situation amidst the COVID-19 pandemic, Disaster Med. Public Health 
Prep. (2022) 1–12, https://doi.org/10.1017/dmp.2022.142. 

[5] O. Uwishema, H. Onyeaka, B.A.A. Alshareif, M.E.A. Omer, A.L.R. Sablay, R. Tariq, 
et al., Current context of pneumonia amidst the COVID-19 pandemic in Africa, 
J Contemp Stud Epidemiol Public Health 2 (2) (2021), ep21007, https://doi.org/ 
10.30935/jconseph/11281. 

[6] O. Uwishema, L.F. Adriano, E. Chalhoub, H. Onyeaka, M. Mhanna, S.C. David, 
Y. Nasrallah, L. Ribeiro, C. Berjaoui, Bird flu outbreak amidst COVID-19 pandemic 
in South Africa: efforts and challenges at hand, J. Med. Virol. 93 (10) (2021) 
5676–5679, https://doi.org/10.1002/jmv.27124. 

[7] O. Adekunbi, O. Uwishema, I. Adanur, H. Onyeaka, Prospect of acute hepatitis E 
virus outbreak in the context of the COVID-19 Pandemic in Africa: a contingency 
plan, Ann Med Surg (2022), https://doi.org/10.1016/j.amsu.2022.104084. 

[8] O. Uwishema, B. Alshareif, M. Yousif, M. Omer, A. Sablay, R. Tariq, A. Zahabioun, 
R.M. Mwazighe, H. Onyeaka, Lassa fever amidst the COVID-19 pandemic in Africa: 
a rising concern, efforts, challenges, and future recommendations, J. Med. Virol. 93 
(12) (2021) 6433–6436, https://doi.org/10.1002/jmv.27219. 

[9] J. Sun, O. Uwishema, H. Kassem, M. Abbass, L. Uweis, A. Rai, R. El Saleh, 
I. Adanur, H. Onyeaka, Ebola virus outbreak returns to the Democratic Republic of 
Congo: an urgent rising concern, Ann Med Surg (2022), https://doi.org/10.1016/j. 
amsu.2022.103958. 

[10] O. Uwishema, E.M. Nnagha, E. Chalhoub, G. Nchasi, R.M. Mwazighe, B.T. Akin, 
I. Adanur, H. Onyeaka, Dengue fever outbreak in Cook Island: a rising concern, 
efforts, challenges, and future recommendations, J. Med. Virol. 93 (11) (2021) 
6073–6076, https://doi.org/10.1002/jmv.27223. 

[11] WHO, WHO | nipah virus infection, World Health Organization, http://www.who. 
int/csr/disease/nipah/en/, 2018. (Accessed 17 June 2018). 

[12] V.A. Arankalle, B.T. Bandyopadhyay, A.Y. Ramdasi, R. Jadi, D.R. Patil, M. Rahman, 
M. Majumdar, P.S. Banerjee, A.K. Hati, R.P. Goswami, D.K. Neogi, A.C. Mishra, 
Genomic characterization of Nipah virus, West Bengal, India, Emerg. Infect. Dis. 17 
(5) (2011) 907–909. 

[13] NIPAH Virus Disease Guidelines :: National Centre for Disease Control (NCDC). 
Available at http://www.ncdc.gov.in/index4.php?lang=1&level=0&linkid=113 
&lid=228 (Accessed 17 June 2018). 

[14] M.S. Chadha, J.A. Comer, L. Lowe, P.A. Rota, P.E. Rollin, W.J. Bellini, T.G. Ksiazek, 
A. Mishra, Nipah virus-associated encephalitis outbreak, Siliguri, India, Emerg. 
Infect. Dis. 12 (2) (2006) 235–240. 

[15] P. Chatterjee, Nipah virus outbreak in India, Lancet 391 (2018) 2200. 
[16] L.M. Looi, K.B. Chua, Lessons from the Nipah virus outbreak in Malaysia, Malays. J. 

Pathol. 29 (2) (2007) 63–67. 
[17] S.P. Luby, The pandemic potential of Nipah virus, Antivir. Res. 100 (1) (2013) 

38–43. 
[18] S.P. Luby, M. Rahman, M.J. Hossain, L.S. Blum, M.M. Husain, E. Gurley, R. Khan, 

B.N. Ahmed, S. Rahman, N. Nahar, E. Kenah, J.A. Comer, T.G. Ksiazek, Foodborne 
transmission of Nipah virus, Bangladesh, Emerg. Infect. Dis. 12 (12) (2006) 
1888–1894. 

[19] V.P. Hsu, M.J. Hossain, U.D. Parashar, M.M. Ali, T.G. Ksiazek, I. Kuzmin, 
M. Niezgoda, C. Rupprecht, J. Bresee, R.F. Breiman, Nipah virus encephalitis 
reemergence, Bangladesh, Emerg. Infect. Dis. 10 (12) (2004) 2082–2087. 

[20] E.S. Gurley, J.M. Montgomery, M.J. Hossain, M. Bell, A.K. Azad, M.R. Islam, M. 
A. Molla, D.S. Carroll, T.G. Ksiazek, P.A. Rota, L. Lowe, J.A. Comer, P. Rollin, 
M. Czub, A. Grolla, H. Feldmann, S.P. Luby, J.L. Woodward, R.F. Breiman, Person- 
to-person transmission of Nipah virus in a Bangladeshi community, Emerg. Infect. 
Dis. 13 (7) (2007) 1031–1037. 

[21] B.A. Clayton, D. Middleton, J. Bergfeld, J. Haining, R. Arkinstall, L. Wang, G. 
A. Marsh, Transmission routes for nipah virus from Malaysia and Bangladesh, 
Emerg. Infect. Dis. 18 (12) (2012) 1983–1993. 

[22] G. Arunkumar, R. Chandni, D.T. Mourya, S.K. Singh, R. Sadanandan, P. Sudan, 
B. Bhargava, Nipah Investigators People, Health Study Group, Outbreak 
investigation of nipah virus disease in Kerala, India, 2018, J. Infect. Dis. 219 (12) 
(2019) 1867–1878. 

[23] D.D. Kulkarni, C. Tosh, G. Venkatesh, D. Senthil Kumar, Nipah virus infection: 
current scenario, Indian J. Virol. : Off Organ Indian Virol Soc 24 (3) (2013) 
398–408. 

[24] M.A. Rahman, M.J. Hossain, S. Sultana, N. Homaira, S.U. Khan, M. Rahman, E. 
S. Gurley, P.E. Rollin, M.K. Lo, J.A. Comer, L. Lowe, P.A. Rota, T.G. Ksiazek, 
E. Kenah, Y. Sharker, S.P. Luby, Date palm sap linked to Nipah virus outbreak in 
Bangladesh, 2008, Vector Borne Zoonotic Dis. 12 (1) (2012) 65–72. 

[25] K.J. Goh, C.T. Tan, N.K. Chew, P.S. Tan, A. Kamarulzaman, S.A. Sarji, K.T. Wong, 
B.J. Abdullah, K.B. Chua, S.K. Lam, Clinical features of Nipah virus encephalitis 
among pig farmers in Malaysia, N. Engl. J. Med. 342 (17) (2000) 1229–1235. 

[26] K.B. Chua, K.J. Goh, K.T. Wong, A. Kamarulzaman, P.S. Tan, T.G. Ksiazek, S. 
R. Zaki, G. Paul, S.K. Lam, C.T. Tan, Fatal encephalitis due to Nipah virus among 
pig-farmers in Malaysia, Lancet (London, England) 354 (9186) (1999) 1257–1259. 

[27] S.C. Wong, M.H. Ooi, M.N. Wong, P.H. Tio, T. Solomon, M.J. Cardosa, Lateb 
presentation of Nipah virus encephalitis and kinetics of the humoral immune 
response, J. Neurol. Neurosurg. Psychiatr. 71 (4) (2001) 552–554. 

[28] O. Uwishema, H. Onyeaka, R. Badri, A.N. Yücel, A.K. Korkusuz, A.O. Ajagbe, 
A. Abuleil, C. Chaaya, B. Alhendawi, E. Chalhoub, The understanding of 
Parkinson’s disease through genetics and new therapies, Brain Behav 12 (5) (2022) 
e2577, https://doi.org/10.1002/brb3.2577. 

[29] O. Uwishema, G. Ayoub, R. Badri, H. Onyeaka, C. Berjaoui, E. Karabulut, H. Anis, 
C. Sammour, F. Mohammed Yagoub, E. Chalhoub, Neurological disorders in HIV: 
hope despite challenges, Immunity, inflammation and disease 10 (3) (2022) e591, 
https://doi.org/10.1002/iid3.591. 

[30] O. Uwishema, C. Berjaoui, I. Correia, H. Anis, E. Karabulut, D. Essayli, M. Mhanna, 
A. Oluyemisi, Current management of acute ischemic stroke in Africa: a review of 
the literature, Eur. J. Neurol. 10 (2022), https://doi.org/10.1111/ene.15495, 
1111/ene.15495. 

[31] O. Uwishema, A. Mahmoud, J. Sun, I. Correia, N. Bejjani, M. Alwan, A. Nicholas, 
A. Oluyemisi, B. Dost, Is Alzheimer’s Disease an Infectious Neurological Disease? A 
Review of the Literature. Brain and Behavior, 2022, e2728, https://doi.org/ 
10.1002/brb3.2728. 

[32] Aishwarya Umesh Pradhan, et al., A review of stem cell therapy: an emerging 
treatment for dementia in Alzheimer’s and Parkinson’s disease, Brain Behav 
(August. 2022), https://doi.org/10.1002/brb3.2740. 

[33] Olivier Uwishema, et al., The impact of COVID-19 on patients with neurological 
disorders and their access to healthcare in Africa: a review of the literature, Brain 
Behav (August. 2022), https://doi.org/10.1002/brb3.2742. 

[34] O. Uwishema, A. Mahmoud, J. Wellington, S.M. Mohammed, T. Yadav, M. Derbieh, 
S. Arab, B. Kolawole, A review on acute, severe hepatitis of unknown origin in 
children: a call forconcern, Ann Med Surg (2022), https://doi.org/10.1016/j. 
amsu.2022.104457. 

[35] P.D. Yadav, A.M. Shete, G.A. Kumar, P. Sarkale, R.R. Sahay, C. Radhakrishnan, 
R. Lakra, P. Pardeshi, N. Gupta, R.R. Gangakhedkar, V.R. Rajendran, 
R. Sadanandan, D.T. Mourya, Nipah virus sequences from humans and bats during 
nipah outbreak, Kerala, India, 2018, Emerg. Infect. Dis. 25 (5) (2019) 1003–1006. 

[36] L.T. Mazzola, C. Kelly-Cirino, Diagnostics for Nipah virus: a zoonotic pathogen 
endemic to Southeast Asia, BMJ global health 4 (Suppl 2) (2019), e001118. 

[37] P. Daniels, T. Ksiazek, B.T. Eaton, Laboratory diagnosis of Nipah and Hendra virus 
infections, Microb. Infect. 3 (4) (2001) 289–295. 

[38] L.F. Wang, P. Daniels, Diagnosis of henipavirus infection: current capabilities and 
future directions, Curr. Top. Microbiol. Immunol. 359 (2012) 179–196. 

[39] WHO, Nipah Virus Infection Factsheet, 2018. http://www.who.int/mediacentre/f 
actsheets/fs262/en/. (Accessed 25 January 2018). 

[40] H.T. Chong, A. Kamarulzaman, C.T. Tan, K.J. Goh, T. Thayaparan, S.R. Kunjapan, 
N.K. Chew, K.B. Chua, S.K. Lam, Treatment of acute Nipah encephalitis with 
ribavirin, Ann. Neurol. 49 (6) (2001) 810–813. 

[41] C.C. Broder, Henipavirus outbreaks to antivirals: the current status of potential 
therapeutics, Current opinion in virology 2 (2) (2012) 176–187. 

[42] B.E. Dawes, B. Kalveram, T. Ikegami, T. Juelich, J.K. Smith, L. Zhang, A. Park, 
B. Lee, T. Komeno, Y. Furuta, A.N. Freiberg, Favipiravir (T-705) protects against 
Nipah virus infection in the hamster model, Sci. Rep. 8 (1) (2018) 7604. 

[43] V. Guillaume, H. Contamin, P. Loth, M.C. Georges-Courbot, A. Lefeuvre, 
P. Marianneau, K.B. Chua, S.K. Lam, R. Buckland, V. Deubel, T.F. Wild, Nipah 
virus: vaccination and passive protection studies in a hamster model, J. Virol. 78 
(2) (2004) 834–840. 

[44] O. Uwishema, E.E. Elebesunu, O. Bouaddi, A. Kapoor, S. Akhtar, F.B. Effiong, 
A. Chaudhary, H. Onyeaka, Poliomyelitis amidst the COVID-19 pandemic in Africa: 
efforts, challenges and recommendations, Clin Epidemiol Glob Health 16 (2022 
Jul-Aug), 101073, https://doi.org/10.1016/j.cegh.2022.101073. Epub 2022 May 
29. PMID: 35664665; PMCID: PMC9148425. 

[45] H.M. Sazzad, M.J. Hossain, E.S. Gurley, K.M. Ameen, S. Parveen, M.S. Islam, L. 
I. Faruque, G. Podder, S.S. Banu, M.K. Lo, P.E. Rollin, P.A. Rota, P. Daszak, 
M. Rahman, S.P. Luby, Nipah virus infection outbreak with nosocomial and corpse- 
to-human transmission, Bangladesh, Emerg. Infect. Dis. 19 (2) (2013) 210–217. 

[46] M. Islam, H. Sazzad, S. Satter, S. Sultana, M. Hossain, M. Hasan, E.S. Gurley, Nipah 
virus transmission from bats to humans associated with drinking traditional liquor 
made from date palm sap, Bangladesh, 2011–2014, Emerg. Infect. Dis. 22 (4) 
(2016) 664–670. 

[47] J. Dhillon, A. Banerjee, Controlling Nipah virus encephalitis in Bangladesh: policy 
options, J. Publ. Health Pol. 36 (3) (2015) 270–282. 

[48] N. Nahar, R. Sultana, E.S. Gurley, M.J. Hossain, S.P. Luby, Date palm sap 
collection: exploring opportunities to prevent Nipah transmission, EcoHealth 7 (2) 
(2010) 196–203. 

[49] J.M. Montgomery, M.J. Hossain, E. Gurley, G.D. Carroll, A. Croisier, E. Bertherat, 
N. Asgari, P. Formenty, N. Keeler, J. Comer, M.R. Bell, K. Akram, A.R. Molla, 

O. Uwishema et al.                                                                                                                                                                                                                             

http://refhub.elsevier.com/S2049-0801(22)01359-0/sref1
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref1
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref1
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref2
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref2
http://www.searo.who.int/entity/emerging_diseases/links/nipah_virus_outbreaks_sear/en/
http://www.searo.who.int/entity/emerging_diseases/links/nipah_virus_outbreaks_sear/en/
https://doi.org/10.1017/dmp.2022.142
https://doi.org/10.30935/jconseph/11281
https://doi.org/10.30935/jconseph/11281
https://doi.org/10.1002/jmv.27124
https://doi.org/10.1016/j.amsu.2022.104084
https://doi.org/10.1002/jmv.27219
https://doi.org/10.1016/j.amsu.2022.103958
https://doi.org/10.1016/j.amsu.2022.103958
https://doi.org/10.1002/jmv.27223
http://www.who.int/csr/disease/nipah/en/
http://www.who.int/csr/disease/nipah/en/
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref7
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref7
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref7
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref7
http://www.ncdc.gov.in/index4.php?lang=1&amp;level=0&amp;linkid=113&amp;lid=228
http://www.ncdc.gov.in/index4.php?lang=1&amp;level=0&amp;linkid=113&amp;lid=228
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref6
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref6
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref6
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref8
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref9
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref9
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref10
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref10
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref11
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref11
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref11
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref11
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref12
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref12
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref12
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref13
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref13
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref13
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref13
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref13
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref14
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref14
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref14
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref15
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref15
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref15
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref15
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref16
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref16
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref16
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref17
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref17
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref17
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref17
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref18
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref18
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref18
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref19
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref19
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref19
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref20
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref20
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref20
https://doi.org/10.1002/brb3.2577
https://doi.org/10.1002/iid3.591
https://doi.org/10.1111/ene.15495
https://doi.org/10.1002/brb3.2728
https://doi.org/10.1002/brb3.2728
https://doi.org/10.1002/brb3.2740
https://doi.org/10.1002/brb3.2742
https://doi.org/10.1016/j.amsu.2022.104457
https://doi.org/10.1016/j.amsu.2022.104457
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref21
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref21
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref21
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref21
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref22
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref22
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref23
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref23
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref24
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref24
http://www.who.int/mediacentre/factsheets/fs262/en/
http://www.who.int/mediacentre/factsheets/fs262/en/
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref26
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref26
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref26
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref27
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref27
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref28
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref28
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref28
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref29
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref29
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref29
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref29
https://doi.org/10.1016/j.cegh.2022.101073
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref30
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref30
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref30
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref30
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref31
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref31
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref31
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref31
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref32
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref32
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref33
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref33
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref33
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref34
http://refhub.elsevier.com/S2049-0801(22)01359-0/sref34


Annals of Medicine and Surgery 82 (2022) 104599

5

K. Zaman, M.R. Islam, K. Wagoner, J.N. Mills, P.E. Rollin, T.G. Ksiazek, R. 
F. Breiman, Risk factors for Nipah virus encephalitis in Bangladesh, Emerg. Infect. 
Dis. 14 (10) (2008) 1526–1532. 

[50] V.K. Chattu, R. Kumar, S. Kumary, F. Kajal, J.K. David, Nipah virus epidemic in 
southern India and emphasizing "One Health" approach to ensure global health 
security, J. Fam. Med. Prim. Care 7 (2) (2018) 275–283. 

[51] O. Uwishema, E. Chalhoub, T. Torbati, S.C. David, C. Khoury, L. Ribeiro, 
Y. Nasrallah, B.K. Bekele, H. Onyeaka, Rift Valley fever during the COVID-19 
pandemic in Africa: a double burden for Africa’s healthcare system, Health science 
reports 5 (1) (2022) e468, https://doi.org/10.1002/hsr2.468. 

[52] O. Uwishema, E. Chalhoub, A. Zahabioun, S.C. David, C. Khoury, T.H. Al-Saraireh, 
B.K. Bekele, R.M. Mwazighe, H. Onyeaka, The rising incidence of African swine 
fever during the COVID-19 pandemic in Africa: efforts, challenges and 
recommendations, Int. J. Health Plann. Manag. 37 (1) (2022) 561–567, https:// 
doi.org/10.1002/hpm.3357. 

[53] L. Greene, O. Uwishema, A. Nicholas, A. Kapoor, C. Berjaoui, E. Adamolekun, 
C. Khoury, F. Mohammed, H. Onyeaka, Crimean-Congo haemorrhagic fever during 
the COVID-19 pandemic in Africa: efforts, recommendations and challenges at 
hand, Afr J Emerg Med : Revue africaine de la medecine d’urgence 12 (2) (2022) 
117–120, https://doi.org/10.1016/j.afjem.2022.02.004. 
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