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Inactivated vaccines have been widely used as viral vaccines because the vaccine for-

mulation contains whole antigenic components and original shape of the pathogens. 

Despite of these merits, there are limitations for production of many viral vaccine strains 

and considering points in current virus producing system (Table 1): (1) insufficient 

production efficiency of vaccine strain, (2) genetic mutations during adaptation pro-

cess, and (3) potential risk of non-human protein derived from virus replicating host 

cells. Rotavirus, norovirus, and hepatitis C virus (HCV) are representatives of unculti-

vable viruses and therefore having problem for vaccine production. These viruses do 

not have infectivity for animal cells used in virus production usually, transformed hu-

man cells, and even small-animal or grow very slowly even after adaptation process in 

the cell partly due to receptor mismatch and other intrinsic factor for specifically influ-

encing replication in human cells [1-5]. To generate, to test, and to use as a vaccine for 

these kinds of viruses, novel system for virus culture is mandatory. In case of low repli-

cative viruses in the current in vitro culture system, adaptation process is widely used 

to increase the rate of virus entry and replication. During adaptation process, viral ge-

nomes are usually mutated. For example, influenza A virus PR8 have changed in 19 

nucleotides, resulted in 13 amino acid changes after 20 passage of adaptation in Vero 

cell [6]. Dengue virus type 4 also has eight missense mutations and eight amino acid 

changes after adaptation in Vero cells [7]. These kinds of genetic mutation and result-

ing changes in amino acid sequences may potentially influence its immunogenicity as 

well as specificity and neutralizing activity of the induced virus-specific antibodies. 

Many vaccine strains of viruses are produced in non-human cell system and the rep-
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Organoid is an in vitro multicellular form mimicking in vivo organ. Its similarity to human organ 
including cellular organization, molecular expression patterns, as well as genetic signatures 
enables to study the characteristics of infectious agents and host-pathogen interaction. For 
the features of organoid, this system also can be potentially used to cultivate currently uncul-
tivable viruses of vaccine candidates. This paper will briefly describe problems in the current 
culture system for virus production and the possibility of organoid as culture system for viral 
vaccine and their current limitations that should be solved to meet the goal.
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resentative is influenza virus which is grown in an allantoic 

fluid in embryonated chicken eggs [8]. Japanese encephalitis 

virus also produced in non-human cell culture system; mouse 

brain for Nakayama-NIH or Beijing-1 (P-1) strains, primary 

hamster kidney cell for Beijing-3 (P-3) strain, and Vero cell for 

P-1, P-3 or SA14-14-2 strains [9]. In these cases, there is po-

tential risk to induce adverse effect by the host cell-derived 

proteins in the vaccine. Thus, human-cell based and highly 

efficient virus production system is urgently required to bring 

more effective viral vaccines that are currently unavailable.

 Organoid is stem cell derived multicellular self-organizing 

organ (Fig. 1) [10]. The major characteristic of organoid is mim-

icking the organization, functionality, and genetic signature 

of the specific tissue or organ in vivo. These features provide 

organoids with a potential to be used as a model to study in-

fectious pathogens in terms of characteristics of the patho-

gens as well as host-pathogen interaction. Up to date, there 

are several organoids have been established such as intestine, 

stomach, esophagus, liver, kidneys, lungs, brain, prostate, 

pancreas, retina, and ovary [11]. Intestinal organoid is most 

well-known organoid type which is established with the suc-

cessful culture of murine epithelial organoids from Lgr5+ in-

testinal stem cells in 2009, followed by the development of 

organoids from human pluripotent stem cells (PSCs) and bi-

opsy samples [12,13]. There are two-types of intestinal organ-

oid: human intestinal organoid (HIO) and human intestinal 

enteroid (HIE). HIO is derived from PSCs that are epithelial 

cultures associated with mesenchyme. HIE is human tissue-

derived organoids that are epithelial only cultures derived 

stem cells isolated from biopsies or surgical tissues. Using 

HIO model, rotavirus tropism, replication in enterocytes as 

well as mesenchymal cells, was identified [14]. Under HIE 

model, critical component for norovirus replication, bile 9a, 

was found [15]. Other organoids are also intensely used as in-

fection models to investigate virus studies (cerebral organoid 

for Zika virus and lung organoid for respiratory syncytial vi-

rus) [16-18]. 

 Based on the in vivo mimicking features of organoids, there 

are some trials to use organoid as virus production system. 

Finkbeiner et al. [14] generated HIO system using embryonic 

stem cell line (WA09) and tested whether this system is suit-

able to cultivate human rotavirus. The generated HIO system 

successfully produced viral RNA and viroplasms after infec-

tion with clinically isolate samples collected from stool. Im-

portantly, rotavirus replicated approximately 10 times higher 

in HIO system compared to conventional culture method us-

ing monkey epithelial cell line. Ettayebi et al. [15] tested HIE 

system as a cultivation system for human norovirus. In HIE 

Table 1. Comparison of organoid with conventional virus culture system

Feature Organoid Conventional culture system

Cell origin Human Non-human or human (transformed)
Receptor match to virus +++ + to +++
Adaptation required × ○/×  (vary)
Standardization × ○

Cost +++ +
System generation period +++ +

Fig. 1. Sources, types, and application of currently established organoids.
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system, human norovirus replicated time-dependent man-

ner between 1- and 24-hour post infection (hpi). Genomic 

equivalent of viral progeny increased up to 1.5 to 2.5 log10 at 

96 hpi compared to 1 hpi, suggesting that stem-cell derived 

intestinal organoid can be applicable to cultivate previously 

non-cultivatable human norovirus. This HIE system also 

suitable to assess virus neutralization. Although not actual 

organoid, three-dimensional (3-D) culture of Huh-7 showed 

the potential to cultivate HCV [19]. 3-D rotating wall vessel-

culture method made Huh-7 cells form complex, multilay-

ered, 3-D aggregates which is organoid-like phenotype. The 

cultured 3-D Huh-7 cells expressed high levels of metabolic-

associate molecules (cytochrome P450s and UDP-glucuro-

nosyltransferase), hepatocyte specific transcription factor 

(hepatocyte transcription factor), markers for re-localization 

of tight junction (Claudin-1, ZO-1, and Occludin-1), cell ad-

hesion (E-cadherin and β-catenin), and polarity (CD26), and 

HCV receptor (CD81 and Scavenger receptor class B type 1). 

3-D Huh-7 aggregates also showed localization of tight junc-

tion markers to apicalateral and/or basolateral planes which 

are consistent with localization pattern in primary hepato-

cytes and not observed in 2-D Huh-7. Most important, 3-D 

Huh-7 system was suitable for HCV infection and the pro-

duction of HCV was exponentially increased, suggesting the 

potential of this new culture system for efficient HCV produc-

tion. As described above, initial studies using organoids have 

been focused on the improving cultivation efficiency of cur-

rently uncultivable viruses. Given that the organoids are de-

rived from human cells, this viral cultivation system does not 

need an adaptation process of viruses, indicating that there is 

no or relatively low potential to induce genetic mutation in 

the viral genome. In addition, there is no potential risk of ad-

verse effect by host cell-derived non-human protein, which 

can be another merit of organoid system as a cultivation sys-

tem of vaccine strains.

 Although the potential of organoid in terms of virus pro-

ducing efficiency was not verified in other various kind of vi-

rus, the initial trials suggested the possibility that organoid-

based viral vaccine production can be more widely used in 

more broad ranges of viruses. To use organoid as a productive 

system for viral vaccine strain, there are some hurdles that re-

main to be solved (Table 1). The source of organoid and the 

generated organoid should be standardized to secure the qual-

ity of the system. In addition, the virus producing scheme un-

der organoid system should be optimized to produce virus 

sufficiently without induction of genetic mutations in virus. 

And the cultivation and maintaining cost for organoid system 

also should be reduced to the degree comparable to that of 

conventional virus culture method. Technical advances to 

solve these issues will bring us more various and effective vac-

cines for viral infection.
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