
 

 

International Journal of Medical and Allied Health Sciences 
                                               
                                                                                            ISSN: 2583-1879 
                                                           Available at http://www.ijmahs.org/©2021 IJMAHS All Rights Reserved       

      
 

 Review Article 
      

 55| Int. J. Med. & Allied Health Sci. Vol. 02, Issue 03 (July-Sept 2022) 

 

Some Insights into the Immune System of Bats that Makes them Harbour 
Various Human Viruses 
 
Pooja Kumari1*, Shikha Bharti2 and Ashiq Hussain Mir3 

 

1Department of Zoology, Dharam Samaj College, Aligarh, Uttar Pradesh, India.  
2,3Department of Biosciences, School of Bioengineering and Biosciences, Lovely Professional University, Punjab, India 

 
Article Information: Received on 19-04-2022 Accepted 25-09-2022 Available online 17-10-2022 

 
  
Abstract 
 
In last two years, whole world has been fighting with a ravaging pandemic, COVID-19. The virus responsible for this 
pandemic is SARS-CoV-2, which was detected in bats. Bats shelter a range of viruses viz. Nipah, Ebolaviruses, Hendra, 
SARS, Marburg, MERS, etc. and these viruses shed from bats and transfer to other vertebrates. After spread of SARS-
CoV-2 during last two years, the interest to study the bat biology has intensified. There are a number of 
coronaviruses harboured by bats, but it was only after the discovery of SARS-associated coronavirus in bats that the 
bat immune system attracted the attention of researchers. This article reviews our contemporary knowledge of 
immune system of bats and their unique ability to harbour various disease-causing viruses. 
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1. Introduction 
 

 
Bats play a vital part in our biological system including 

pollination, insect control, seed dispersal, etc. [1]. They 

belong to Chiroptera, a diverse mammalian order 

consisting of over 1300 bat species with distribution 

ranging across every continent except Antarctica [1]. 

Chiroptera consists of two suborders: 

Yinpterochiroptera (which comprises megabats and 

several families of microbats) and Yangochiroptera 

(comprising all remaining microbat families) that are 

believed to have diverged over 50 million years ago 

[2,3,4]. Within these suborders, bats are tremendously 

diverse in morphology, size, food habits, ecological 

niches, social interactions, etc.  

 

2. Bats as virus pool  

 

The bats have attracted considerable research in last 

several years due to a number of viruses that bats 

harbour and also because of their ability to transmit 
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these viruses to other living organisms [5]. effectively 
managing the host responses against infection, even 
though richness of species play important role [10]. 
Additionally, bats also defend against most of the 
viruses by avoiding mounting of exaggerated immune 
responses due to a number of ecological and biological 
factors. A large number of studies have raised questions 
about adaptations in bat’s antiviral immune responses. 
It has been observed that viruses that are known to 
severely affect other mammals, including humans, are 
apparently non-pathogenic to bats [11]. This 
adaptability of bats to shelter many viruses without 
displaying an overt pathology suggests that in bats the 
immune mechanisms have evolved that allow for 
benign virus–host relationships. 
 

3. Bat and SARS-CoV-2 
 
The virus SARS-CoV-2 was reported in December 2019, 
in Wuhan city of China for the first time has greatly 
impacted the human lives and the lives of other animals. 
This virus causes mild to severe respiratory illness that 
might occasionally result in death. World Health 
Organization (WHO) termed it as COVID-19. This 
disease was first confined to China, and in no time, it 
turned into pandemic. After spread of this virus, the 
interest to study the bat biology intensified. There are a 
number of coronaviruses harboured by bats and, but it 
was only after the discovery of SARS-associated 
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coronavirus in bats that the bat immune system 
attracted the attention of researchers 
[12,13,14,15,16,17]. 
 
3.1 Traits that make bat reservoirs of human viruses 
 
These flying mammals have a number of traits that 
make them to act as the tremendous reservoirs of 
viruses [18,19,20,21,22]. These traits include an 
apparently decrease in viral load due to immune 
variation at low and higher temperatures that these 
animals sustain during flights [11]. But, a few of the 
studies have demonstrated decreased viral load has no 
association with high temperatures [23] and more 
studies have revealed that bats act as virus reservoirs 
primarily because of their tolerance to viral infection 
whereas as a decrease in viral load might be playing 
only a minor role.     

The genomes and transcriptomes of at least 18 bat 
species are currently available in databases [24,25], 
that provide important insights into the evolution of 
their immune system and antiviral immunity. The 
evolution of antiviral immune system in bats is 
multifaceted and several factors, including the 
evolution of flight [26,24] and the co-evolution with 
their viruses, may have likely shaped their distinct 
immunological responses. By understanding how these 
bats control virus-mediated pathogenesis might help 
researchers in the identification of some novel 
therapeutic targets and molecules for the effective 
treatment of infections resulting because of these 
viruses in a number of other mammals, including 
humans and agricultural animals. 

Anti-disease characteristic of bats makes them 
special rather their antiviral skill and a unique 
association between virus (especially coronavirus) and 
bats is maintained due to exceptional stability between 
host defence and immune tolerance. Tolerance against 
viral diseases in bats has been noticed when minimal or 
no signs of infection shown even when high viral load 
present in bat tissues [27,28,29,30].  
 

4. Immune system of bats 
 

Contemporary studies bring new insights to 
understand tolerate responses in bats against disease 
infection such as work on innate and adaptive immune 
system, metabolism and mitochondrial activity. This 
disease tolerance in bats may contribute to their long 
lifespans. Moreover, studies on variation in the 
expression of antiviral genes in IFN signalling, 
autophagy clearance of pathogen and production of 
heat shock proteins also helps bats to control viral load 
during infection [31,32,33,34].  Adaptive evolutionary 
variations in genes of nuclear and mitochondrial 
oxidative phosphorylation require fulfilling high energy 
demands associated with flight [35,36]. 

High concentration of genes involved in DNA-
damage check points are present in bats which are also 
essential for cancer, innate immune system and ageing 
[26]. A recent work has manifested that bats show 

resistance against cancer because efflux of 
chemotherapeutic drugs through ABCB1 transporter 
blocked DNA disruption due these drugs such as 
doxorubicin and etoposide [36]. Furthermore, they 
have low level of reactive oxygen species (ROS) as 
compared to the other mammals of same size but hold 
similar activity of antioxidant superoxide dismutase 
[37,38]. A recent work revealed that in bat 
mitochondria there is low production of ROS [39]. 
Numerous studies have been investigated innate 
signalling mechanism in human and rodents, however, 
in recent studies similar mechanism have 
demonstrated in bats [16].  Pattern recognition 
receptors (PRRs) are molecules that recognise 
pathogen associated molecular patterns (PAMPs) that 
are originated from pathogens such as bacteria, viruses, 
parasites etc. [40,41,42]. Induction of signalling 
mechanism occurs after virus infection that leads to 
production of cytokines (proinflammatory and 
antiviral) [40,43,44]. Expression of IFN-stimulated 
genes (ISGs) can be induced by interferons (IFNs), an 
antiviral cytokine, this ISGs leads to inhibition of virus 
replication with various signalling pathways [45]. Data 
available on the whole genome and transcriptome 
sequences for handful bat species has facilitate to 
observe homologs of the innate immune pathway in 
mammals [16].   
 
5. Perspectives   
 
A few years back, nobody would have expected this high 
jump in understanding of bat biology, their ecological 
role, unique immune system, etc. as it has after COVID-
19 pandemic. Bat is a unique mammal as it has ability to 
flight. The trait of flight in bats may evolve to support 
immune responses against viruses and inflammatory 
responses [16]. A homeostatic balance in bats is 
managed by key regulators and different signalling 
machinery. Understanding of host defence-immune 
tolerance system in bat may provide worthwhile 
lessons to guide and combat various inflammatory 
disorders in humans, viral infection, ageing and cancer. 
An additional research work on bats is required to 
establish the role of different species of bats in 
harbouring various viruses, and a holistic map of 
immune responses might help to draw a picture for 
translational results for humans. The delineation of the 
actual source and cause of spread of viruses can go a 
long way in the development of various approaches to 
ameliorate the global health status of serious viral 
diseases. 
 

6. Competing interest 
 

The authors declare that there are no conflicts of 
interest. 
 

References 
 
[1]. Fenton MB and Simmons NB. Bats, a World of Science and 

Mystery Chicago, IL: The University of Chicago Press. 2015. 
doi: 10.7208/chicago/9780226065267.001.0001 



Pooja Kumari et. al.                       Some Insights into the Immune System of Bats that Makes them Harbour Various Human Viruses  

 

 57| Int. J. Med. & Allied Health Sci. Vol. 02, Issue 03 ((July-Sept 2022) 

 

[2]. Lei M, Dong D. Phylogenomic analyses of bat subordinal 
relationships based on transcriptome data. Sci Rep 
2016;13:1-8. doi: 10.1038/srep27726 

[3]. O’Leary MA, Bloch JI, Flynn JJ, Gaudin TJ, Giallombardo A, 
Giannini NP, et al. The placental mammal ancestor and the 
post-K-Pg radiation of placentals. Science 2013;339:662–7. 
doi: 10.7934/P773 

[4]. Simmons NB, Seymour KL, Habersetzer J, Gunnell GF. 
Primitive early eocene bat from Wyoming and the evolution 
of flight and echolocation. Nature 2008;451:818–21. 
doi:10.1038/nature06549 

[5]. Hayman DT. Bats as viral reservoirs. Annu Rev virol 
2016;3:77-99. 

[6]. Irving AT, Ahn M, Goh G, Anderson DE, Wang LF. Lessons 
from the host defences of bats, a unique viral reservoir. 
Nature 2021;589: 363-70. 

[7]. Field H, Young P, Yob JM, Mills J, Hall L, Mackenzie J. The 
natural history of Hendra and Nipah viruses. Microbes Infect 
2001;3:307–14.doi: 10.1016/S1286-4579(01)01384-3 

[8]. Luby S, Rahman M, Hossain M, Blum L, Husain M, Gurley E, et 
al. Foodborne Transmission of Nipah Virus, Bangladesh. 
Emerg Infect Dis 2006;12:1888–94.  

[9]. Vogel G. Bat-filled tree source of Ebola epidemic? Science 
2015;347:142–43. 

[10]. Mollentze N, Streicker DG. Viral zoonotic risk is homogenous 
among taxonomic orders of mammalian and avian reservoir 
hosts. Proc Natl Acad Sci USA 2020;117:9423–30.   

[11]. O’shea TJ, Cryan PM, Cunningham AA, Fooks AR, Hayman DT, 
Luis AD, et al. Bat flight and zoonotic viruses. Emerg Infect 
Dis 2014;20:5. 

[12]. Lau SK, Woo PC, Li KS, Huang Y, Tsoi HW, Wong BH, et al. 
Severe acute respiratory syndrome coronavirus-like virus in 
Chinese horseshoe bats. Proc Natl Acad Sci 2005;102:14040-
45. 

[13]. Li W, Shi Z, Yu M, Ren W, Smith C, Epstein JH, et al. Bats are 
natural reservoirs of SARS-like coronaviruses. Science  
2005;310:676-79. 

[14]. Ge XY, Li JL, Yang XL, Chmura AA, Zhu G, Epstein, et al. 
Isolation and characterization of a bat SARS-like coronavirus 
that uses the ACE2 receptor. Nature 2013;503:535-38. 

[15]. Hu B, Zeng LP, Yang XL, Ge XY, Zhang W, Li B, et al. Discovery 
of a rich gene pool of bat SARS-related coronaviruses 
provides new insights into the origin of SARS coronavirus. 
PLoS pathogens 2017;13:11. 

[16]. Banerjee A, Kulcsar K, Misra V, Frieman M, Mossman K. Bats 
and Coronaviruses. Viruses 2019;11:1-14. 

[17]. Cui J, Li F, Shi ZL. Origin and evolution of pathogenic 
coronaviruses. Nat Rev Microbiol 2019;17:181–92.  

[18]. Calisher CH, Childs JE, Field HE, Holmes KV, Schountz T. Bats: 
important reservoir hosts of emerging viruses. Clin 
Microbiol Rev 2006;19:531-45. 

[19]. Wang LF, Walker PJ, Poon LL. Mass extinctions, biodiversity 
and mitochondrial function: are bats ‘special’as reservoirs 
for emerging viruses?. Curr Opin Virol 2011;1: 649-57 

[20]. Plowright RK, Eby P, Hudson PJ, Smith IL, Westcott D, Bryden 
WL, et al. Ecological dynamics of emerging bat virus 
spillover.  Proc  Royal Soc B: biological sciences  
2015;282:2014-24. 

[21]. Han HJ, Wen HL, Zhou CM, Chen FF, Luo LM, Liu JW, et al. Bats 
as reservoirs of severe emerging infectious diseases. Virus 
res 2015;205:1-6. 

[22]. Wang LF, Anderson DE. Viruses in bats and potential 
spillover to animals and humans. Curr Opin Virol  
2019;34:79-89. 

[23]. Miller MR, McMinn RJ, Misra V, Schountz T, Müller MA, Kurth 
A, et al. Broad and temperature independent replication 
potential of filoviruses on cells derived from old and new 
world bat species. J Infect Dis  2016;214:S297-302. 

[24]. Hawkins JA, Kaczmarek ME, Muller MA, Drosten C, Press WH, 
Sawyer SL. A metaanalysis of bat phylogenetics and positive 
selection based on genomes and transcriptomes from 18 
species. Proc Natl Acad Sci USA 2019;116:11351–60. doi: 
10.1073/ pnas.1814995116 

[25]. Jebb D, Huang Z, Pippel M, Hughes GM, Lavrichenko K, 
Devanna P,et al. Six new reference-quality bat genomes 
illuminate the molecular basisand evolution of bat 
adaptations. bioRxiv [pre-print]. 2019. doi: 10.1101/836874 

[26]. Zhang G, Cowled C, Shi Z, Huang Z, Bishop-Lilly KA, Fang X, et 
al. Comparative analysis of bat genomes provides insight 
into the evolution of flight and immunity. Science  
2013;339:456-60. 

[27]. Swanepoel R, Leman PA, Burt FJ, Zachariades NA, Braack LE, 
Ksiazek TG, et al. Experimental inoculation of plants and 
animals with Ebola virus. Emerg Infect Dis 1996;2:321. 

[28]. Middleton DJ, Morrissy CJ, Van Der Heide BM, Russell GM, 
Braun MA, Westbury HA, et al. Experimental Nipah virus 
infection in pteropid bats (Pteropus poliocephalus). J Comp 
Pathol 2007;136:266-72. 

[29]. Watanabe S, Masangkay JS, Nagata N, Morikawa S, Mizutani 
T, Fukushi S, et al. Bat coronaviruses and experimental 
infection of bats, the Philippines. Emerg Infect Dis 
2010;16:1217. 

[30]. Munster VJ, Adney DR, Van Doremalen N, Brown VR, 
Miazgowicz KL, Milne-Price S, et al. Replication and shedding 
of MERS-CoV in Jamaican fruit bats (Artibeus jamaicensis). 
Sci Rep 2016;6:1-10. 

[31]. Reyes-del Valle J, Chávez-Salinas S, Medina F, Del Angel RM. 
Heat shock protein 90 and heat shock protein 70 are 
components of dengue virus receptor complex in human 
cells. J virol 2005;79:4557-67. 

[32]. Kuballa P, Nolte WM, Castoreno AB, Xavier RJ. Autophagy 
and the immune system. Annu  Rev  Immunol 2012;30:611-
46. 

[33]. Phillips AM, Gonzalez LO, Nekongo EE, Ponomarenko AI, 
McHugh SM, Butty VL, et al. Host proteostasis modulates 
influenza evolution. Elife  2017;6. 

[34]. Laing ED, Sterling SL, Weir DL, Beauregard CR, Smith, IL, 
Larsen SE, et al. Enhanced autophagy contributes to reduced 
viral infection in black flying fox cells. Viruses 2019;11:260. 

[35]. Subudhi S, Rapin N, Misra V. Immune system modulation and 
viral persistence in bats: understanding viral spillover. 
Viruses 2019;11:192. 

[36]. Koh J, Itahana Y, Mendenhal, IH, Low D, Soh EXY, Guo AK, et 
al. ABCB1 protects bat cells from DNA damage induced by 
genotoxic compounds. Nat commun 2019;10:1-14. 

[37]. Brunet-Rossinni AK. Reduced free-radical production and 
extreme longevity in the little brown bat (Myotis lucifugus) 
versus two non-flying mammals. Mech Ageing Dev 
2004;125:11-20. 

[38]. Ungvari Z, Buffenstein R, Austad SN, Podlutsky A, Kaley G, 
Csiszar A. Oxidative stress in vascular senescence: lessons 
from successfully aging species. Front Biosci  2008;13:5056-
70. 

[39]. Vyssokikh MY, Holtze S, Averina OA, Lyamzaev KG, 
Panteleeva AA, Marey MV, et al. Mild depolarization of the 
inner mitochondrial membrane is a crucial component of an 
anti-aging program. Proc Natl Acad Sci  2020;117:6491-
6501. 

[40]. Janeway Jr CA, Medzhitov, R. Innate immune recognition. 
Annu  Rev  immunol 2002;20:197-216. 

[41]. Koyama S, Ishii KJ, Coban C, Akira S. Innate immune response 
to viral  infection. Cytokine 2008;43:336-41.  

[42]. Collins SE, Mossman KL. Danger, diversity and priming in 
innate antiviral immunity. Cytokine Growth Factor Rev 
2014;25: 525-31. 

[43]. Kawai T, Akira S. Innate immune recognition of viral 
infection. Nat immunol 2006;7: 131-37. 

[44]. Lee MS, Kim YJ. Signaling pathways downstream of pattern-
recognition receptors and their cross talk. Annu Rev 
Biochem 2007;76:447-80. 

[45]. Schoggins JW, Rice CM. Interferon-stimulated genes and 
their antiviral effector functions. Curr Opin Virol 
2011;1:519-25. 

 


