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Statement of the ZKBS on risk assessment of 

Adeno-associated viruses from primates 

and vectors derived therefrom 

 

 

Adeno-associated viruses 

Adeno-associated viruses (AAVs) are ubiquitously distributed in a variety of animals and humans, 
with a very narrow host range of individual serotypes [1; 2]. As a subgroup of the defective viruses 
(genus Dependoparvovirus), they belong to the family Parvoviridae [3]. 

AAV particles are not coated and are relatively stable in the environment even when dried out. 
The single-stranded DNA genome consists of the two open reading frames rep and cap. The four 
nonstructural proteins Rep78, Rep68, Rep52, and Rep40 encoded by rep are important for virus 
replication, expression of the structural proteins, and integration into the host cell genome. The 
three capsid proteins VP1, VP2 and VP3 are encoded by cap and form the icosahedral 
nucleocapsid. Hypervariable regions of the capsid proteins influence tissue specificity, which is 
sometimes very diverse for the different AAV types [4; 5]. 

An inverted terminal repeat (ITR) delimits the genome at the 5' end and at the 3' end, respectively. 
The ITRs contain the cis-acting elements for the replication of the viral genome and its integration 
into the host genome as well as the packaging signal. For productive, lytic infection, AAV require 
helper functions provided by helper viruses (such as adenovirus, herpes simplex virus type I and 
type II, cytomegalovirus or human herpesvirus-6). In the absence of helper functions, a cell is 
infected by AAV, but the transferred AAV genome rests in the nucleus of the host cell (latent 
infection), mainly as an extrachromosomal episome. However, it may also be present integrated 
in the host genome [6; 7]. In humans, AAV DNA is the only known viral genome to be specifically 
integrated into the host cell genome. This integration usually occurs in the AAVS1 locus of 
chromosome 19 [6]. The latent virus can be remobilized by overinfection with adeno- or 
herpesviruses. 

AAVs are presumably transmitted via the respiratory tract and faecal-oral transmission [7; 8]. The 
more than one hundred AAVs isolated from primates to date can be divided into 13 serotypes [5; 
9]. 

In this context, serotypes AAV-2, -3, -5, -6 and -9 were isolated from humans [5; 10; 12]. 

In contrast, serotype AAV-1 has been isolated from both monkeys and humans [5]. 

Serotypes AAV-4, -7, -8, -10, -11, -12 and -13 have been isolated from monkeys [5; 11-14]. 

Depending on age and geographical region, about 80% of people have antibodies against AAV 
[2]. These show some cross-reactivity to other AAV serotypes [6]. Overall, seropositivity for AAV-
1, -2 and -3 has been described for 70% of people studied [2; 15-17]. Approximately 45 % have 
antibodies to AAV-5 and -6 [2; 15]. Slightly lower (~ 38 %) is the seroprevalence for AAV-8 and -
9 [2; 15-17]. The seroprevalence for AAV-7 is about 10 % and for AAV-4 less than 2 % [16; 18]. 
The seroprevalence for serotypes AAV-10, -11, -12 and -13 are unknown. 

Despite the ubiquitous distribution of AAV and the high infestation, no AAV-associated diseases 
are known to date in humans or animals, which is why it is assumed that AAV are apathogenic 
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[2; 6; 7]. In addition, a protective effect of AAV, for example against the development of 
tumours/cancerous diseases, is discussed [19; 20]. 

In 2001, AAV serotypes AAV-2, -3, and -5 were assigned to risk group 1 by the ZKBS, and AAV 
serotypes AAV-1, -4, and -6 to -12 were assigned to risk group 2. Furthermore, AAV-3b, an 
isolate derived from AAV-3, was assigned to risk group 1. AAV-rh10 was isolated from rhesus 
monkey tissue in 2003 [4] and assigned to risk group 2. In a later study, 59% of humans were 
shown to have antibodies to AAVrh10 [21]. 

In TRBA 462 "Classification of viruses into risk groups", AAV serotypes 2, 3 and 5 are classified 
in risk group 1. AAV serotypes 1, 4 and 6 - 11 are classified in risk group 2. 

The Dutch Commissie Genetische Modificatie (COGEM) recently classified the serotypes AAV-
10 to -12 and AAVrh10 in risk group 1 [22]. In addition, it recommended that all AAV of the species 
Adeno-associated dependoparvovirus A and B should generally be assigned to risk group 1. This 
was justified by the ubiquitous distribution, the dependence on a helper virus and the absence of 
any evidence of pathogenicity. 

The US National Institutes of Health (NIH) has classified all AAV serotypes as non-pathogenic 
risk group 1 [23]. 

 
Risk Assessment: 

AAV are widely distributed in a wide variety of vertebrates, including humans, due to their high 
infectivity. However, due to the high seroprevalence for various AAV in humans, infection is not 
thought to be associated with pathogenicity. For some AAV serotypes, no natural infections in 
humans have been described, and seroprevalence is also low or unknown. Pathogenicity is also 
very unlikely for these AAV, but ultimately cannot be ruled out with certainty. 

Based on the new findings since the ZKBS opinions on the classification of AAVs of 2001 and 
2005, downgrading of individual AAV serotypes is carried out. 

The ZKBS recommends the following classification of the various AAV serotypes as donor and 
recipient organisms for genetic engineering work in accordance with § 5 Paragraph 1 GenTSV in 
conjunction with the criteria in Appendix 1 GenTSV: 
 

AAV-1 through -3, AAV-3b, AAV-5, AAV-6, AAV-8, AAV-9, and AAV-rh10:      Risk group 1 

 

AAV-4, AAV-7, AAV-10 to -13:        Risk group 2 

 

Notice:  

If appropriate data are provided, downgrading of further AAV serotypes may be possible. 

 

 

AAV-derived vector systems 

AAV-derived vectors are infectious, replication-defective particles with DNA portions of AAV that 
can transmit foreign DNA. 

Recombinant AAV vector particles are now being tested in numerous clinical trials as therapeutics 
for a wide variety of diseases [5; 19]. The first AAV-based drugs have already been approved in 
Europe (Glybera®, Luxturna™). 

A conventional system for producing recombinant AAV vector particles consists of two plasmids, 
usually derived from pBR322, and a helper virus [6]. The transfer plasmid carries from AAV only 
the ITRs located upstream and downstream of the nucleic acid segment to be transferred. On the 
helper plasmid, only the nucleotide sequences of the reading frames rep and cap are present 
from AAV. There is no overlap of homologous AAV nucleotide sequences between transfer and 
helper plasmid, thus homologous recombination is not to be expected.  
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To produce AAV vector particles, host cells are co-transfected with transfer and helper plasmid 
and infected with a helper virus, as the latter provides the essential viral helper functions to 
propagate AAV. 

In more advanced systems for the production of AAV vector particles, the viral helper functions 
are provided independently of the helper virus on a third plasmid, so that infection with a 
replication-competent helper virus is no longer necessary [6]. This also prevents the production 
of replication-competent helper viruses. Of the adenoviruses previously used as helper viruses, 
the E1a, E1b, E2a, E4 and VA proteins are necessary for the production of AAV vector particles. 
By using the 293T cell line, which provides the adenoviral E1 proteins, only the genes for the 
adenoviral proteins E2a, E4 and VA are required on the helper plasmids, in addition to the rep 
and cap nucleotide sequences [24]. 

In numerous clinical studies with AAV vector particles of different serotypes in humans, it has 
been shown that the vector DNA does not enter the germ line [25]. Excretion of AAV vector 
particles by subjects, for example via urine and saliva, occurred depending on the administration 
route and dose [25]. However, excretion is low-level and transient, thus limiting the spread of 
infectious AAV vector particles [26]. 

Within the host cell, the transfer DNA is mainly extrachromosomal. 

The vector particles are replication-defective and, apart from the AAV ITR, no other genes of AAV 
or the helper viruses are present on the transfer vector. In addition, the vector-receptor systems 
described under risk assessment points 2 and 4 comply with biological safety measures according 
to Section 8 (1) and (2) GenTSV.  

 

Risk Assessment: 

1. Recombinant AAV vector particles containing no AAV nucleic acid segments other than the 
ITRs and, in addition, only nucleic acid segments with no hazard potential shall be classified 
in risk group 1, even if they are pseudotyped. The classification is independent of the AAV 
from which the ITRs used originate. Genetic engineering operations involving genetically 
modified organisms that meet the above criteria are to be assigned to safety level 1.  

2. Cells or cell lines of risk group 1 that have been transduced with the recombinant AAV vector 
particles mentioned in point 1 are classified in risk group 1. Genetic engineering operations 
involving genetically modified organisms that meet the above criteria shall be assigned to 
safety level 1. In the case of cells that deliver organisms of higher risk groups, the hazard 
potential of the organisms is fully taken into account in the risk assessment. 

3. Recombinant AAV vector particles that do not contain AAV nucleic acid segments other than 
ITRs, but additionally contain nucleic acid segments with neoplastic transforming potential, 
shall be classified in risk group 2. The classification is independent of the AAV from which the 
ITRs used originate. Genetic engineering operations involving genetically modified organisms 
that meet the above criteria are to be assigned to safety level 2. 

 Cells or cell lines of risk group 1 that have been transduced  with the recombinant AAV 
vector particles mentioned in  point 3 are classified in risk group 1. Genetic engineering 
operations involving genetically modified organisms that meet the above criteria shall be 
assigned to safety level 1. In the case of cells that deliver organisms of higher risk groups, the 
hazard potential of the organisms is fully taken into account in the risk assessment. 

5. If AAV vectors are to be used to transfer prion or toxin genes, a case-by-case evaluation by 
the ZKBS is required. 

 

 

Notes: 

1. In the case of contamination of the recombinant AAV vector particles described in risk 
assessment point 1 with helper viruses, the risk potential of these viruses is fully taken into 
account in the risk assessment.  
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2. If there is a possibility that overlapping AAV nucleic acid segments on the transfer and helper 
plasmid give rise to replication-competent, possibly chimeric AAV, or if such AAV are 
deliberately generated, the AAV from which the nucleic acid segments for the Rep proteins 
are derived shall be relevant for the risk assessment. 

3. Experimental animals whose somatic cells have been transduced using recombinant 
replication-defective AAV vector particles are not GMOs. However, the animals must in 
principle be regarded as carriers of GMOs. The time during which infectious vector particles 
remain in the animal is highly dependent on the dose administered and the route of 
inoculation. In addition, the animals may shed the administered vector particles. However, if 
it can be demonstrated with the aid of data or suitable literature for comparable systems that 
no more AAV vector particles are released from the treated animal after a certain period of 
time, it is harmless from a safety point of view for the Land authorities to set appropriate time 
limits on their own responsibility after a case-by-case assessment, after which the animals 
are no longer treated as carriers of GMOs. 

4. It can be assumed that the protection of the legal interests according to § 1 No. 1 Genetic 
Engineering Act is also ensured if the animal cadavers of test animals inoculated with AAV 
vector particles of risk group 1, for which corresponding data of Note 3. were not submitted, 
are disposed of without prior autoclaving as is customary in laboratory animal husbandry. 
Unless Section 24(1)(3) of the Genetic Engineering Ordinance already applies, the 
competent licensing and supervisory authority may decide, in accordance with Section 2(2) 
of the Genetic Engineering Ordinance, that these animal carcasses may be disposed of in 
the normal way in laboratory animal husbandry without autoclaving if it is ensured that the 
animal carcasses do not enter the food and feed chain. 

5. In the case of laboratory animals that have been inoculated with AAV vector particles of risk 
group 2 and for which the data mentioned under Note 3. have not been submitted, it can be 
assumed that a clear depletion of the AAV vector particles has been achieved seven days 
after inoculation, so that work with the cadavers of these animals does not present any hazard 
potential exceeding safety level 1. The protection of legal interests according to § 1 No. 1 of 
the Genetic Engineering Act is also ensured if the animal cadavers are disposed of in the 
usual way in laboratory animal husbandry without prior autoclaving. Unless Section 24(1)(3) 
of the Genetic Engineering Ordinance already applies, the competent licensing and 
supervisory authority may decide in accordance with Section 2(2) of the Genetic Engineering 
Ordinance that these animal cadavers may be disposed of without autoclaving as is 
customary in laboratory animal husbandry, if it is ensured that the animal cadavers do not 
enter the food and feed chain.  

6. Parvoviruses are very insensitive to alcohol-based disinfectants. However, because of their 
better tolerance or lower toxicity, only hand disinfectants whose efficacy is based on alcohols 
are available. For this reason, hand disinfectants effective against AAV are not available [27]. 
Therefore, during genetic engineering work with AAV or AAV vectors of risk group 2, 
disposable protective gloves must be worn and changed regularly, and hands must be 
washed frequently. When selecting surface disinfectants, it should be taken into account that 
the effectiveness of the agents has also been tested against parvoviruses. This is the case 
for disinfectants that are listed in the list of disinfectants and disinfection methods tested and 
approved by the Robert Koch Institute and in the disinfectant list of the Association for Applied 
Hygiene with the efficacy range "virucidal".  

7. If AAV vectors are to be used to transfer nucleic acid segments with neoplastic transforming 
potential, the following general statements of the ZKBS are referred to in this context: 

 Statement of the ZKBS: Precautionary measures when handling nucleic acids with 
neoplastic transforming potential (ref. 6790-10-01, updated December 2016) 

 Recommendation of the ZKBS on adenoviral and AAV-derived replication-defective 
particles that transfer a nucleic acid segment with neoplastic transforming potential 
(Ref. 6790-10-83, updated April 2020). 

 

Literature 

https://www.rki.de/DE/Content/Infekt/Krankenhaushygiene/Desinfektionsmittel/Desinfektionsmittellist/Desinfektionsmittelliste_node.html
https://www.rki.de/DE/Content/Infekt/Krankenhaushygiene/Desinfektionsmittel/Desinfektionsmittellist/Desinfektionsmittelliste_node.html
https://www.rki.de/DE/Content/Infekt/Krankenhaushygiene/Desinfektionsmittel/Desinfektionsmittellist/Desinfektionsmittelliste_node.html
https://vah-online.de/de/vah-liste
https://vah-online.de/de/vah-liste


 

   5 

B
V

L
_
F

O
_

0
5

_
4
1

0
0

_
4

0
2

_
V

1
.3

 

1 Tijssen P et al (2012). Family Parvoviridae. In: Virus taxonomy, ninth report of the International 
Committee on Taxonomy of Viruses (ICTV). Ed. King AMQ et al., Elsevier Academic Press, 
Amsterdam  

2 Hülser D et al (2017). High Prevalence of Infectious Adeno-associated Virus (AAV) in Human 
Peripheral Blood Mononuclear Cells Indicative of T Lymphocytes as Sites of AAV Persistence. J Virol 
91:e02137-16. 

3 Smith et al. (2016). Germline viral "fossils" guide in silico reconstruction of a mid-Cenozoic era 
marsupial adeno-associated virus. Sci Rep 6:28965. 

4 Gao G et al (2003). Adeno-associated viruses undergo substantial evolution in primates during natural 
infections. PNAS 100:6081-6.  

5 Lisowski L et al (2015). Adeno-associated virus serotypes for gene therapeutics. Curr Opin 
Pharmacol 24:59-67. 

6 Salganik M et al (2015). Adeno-associated virus as a mammalian DNA vector. Microbiol Spectr 
3(4):MDNA3-0052-2014  

7 Berns KI & Muzyczka N (2017). AAV: An overview of unanswered questions. Hum Gene Ther 28:308-
13  

8 Berns AI & Parrish CR (2013). Parvoviridae. In: Fields Virology (6th edition). Edited by Knipe DM & 
Howley PM. Lippincott Williams & Wilkins. Philadelphia  

9 Srivastava A (2016). In vivo tissue-tropism of adeno-associated viral vectors. Curr Opin Virol 21:75-
80. 

10 Gao G et al (2004). Clades of adeno-associated virus are widely disseminated in human tissues. J 
Virol 78:6381-8. 

11 Gao G et al (2002). Novel adeno-associated viruses from rhesus monkeys as vectors for human gene 
therapy. PNAS 99:11854-9. 

12 Mori S et al (2004). Two novel adeno-associated viruses from cynomolgus monkey: pseudotyping 
characterization of capsid protein. Virology 330:375-83.   

13 Schmidt M et al (2008). Adeno-associated virus type 12 (AAV12): a novel AAV serotype with sialic 
acid- and heparin sulfate proteoglycan-independent transduction activity. J Virol 82(3):1399-406.  

14 Schmidt M. et al. (2008). Molecular characterization of the heparin-dependent transduction domain 
on the capsid of a novel adeno-associated virus isolate, AAV (VR-942). J Virol 82(17):8911-6. 

15 Boutin S et al (2010). Prevalence of Serum IgG and Neutralizing Factors Against Adeno-Associated 
Virus (AAV) Types 1, 2, 5, 6, 8, and 9 in the Healthy Population: Implications for Gene Therapy Using 
AAV Vectors. Hum Gene Ther 21:704-12. 

16 Calcedo R & Wilson JM (2013). Humoral immune response to AAV. Front Immunol 4:341. 

17 Leborgne C et al (2019). Prevalence and long-term monitoring of humoral immunity against 
adenoassociated virus in Duchenne Muscular Dystrophy patients. Cell Immunol 342:103780. 

18 Calcedo R et al (2009). Worldwide epidemiology of neutralizing antibodies to adeno-associated 
viruses. J Infect Dis 199(3):381-90. 

19 Naso MF et al (2017). Adeno-associated virus (AAV) as a vector for gene therapy. BioDrugs 31:317-
334. 

20 Srivastava A & Carter BJ (2017). AAV infection: protection from cancer. Hum Gene Ther 28:323-7. 

21 Twaithe R et al (2015). AAVrh.10 immunogenicity in mice and humans. Relevance of antibody cross-
reactivity in human gene therapy. Gene Ther 22:196-201.   

22 Commission on Genetic Modification (COGEM) (2018). Adeno-associated dependoparvovirus A 
and Adeno-associated dependoparvovirus B assigned to pathogenicity class 1. COGEM report 
CGM/180316-01. https://cogem.net/en/publication/adeno-associated-dependoparvovirus-a-and-
adeno-associated-dependoparvovirus-b-assigned-to-pathogenicity-class-1/ (accessed September 15, 
2021).   

23 National Institutes of Health (2016). NIH guidelines for research involving recombinant or synthetic 
nucleic acid molecules. https://osp.od.nih.gov/biotechnology/nih-guidelines/ (accessed September 15, 
2021).   

https://cogem.net/en/publication/adeno-associated-dependoparvovirus-a-and-adeno-associated-dependoparvovirus-b-assigned-to-pathogenicity-class-1/
https://cogem.net/en/publication/adeno-associated-dependoparvovirus-a-and-adeno-associated-dependoparvovirus-b-assigned-to-pathogenicity-class-1/
https://osp.od.nih.gov/biotechnology/nih-guidelines/


 

   6 

B
V

L
_
F

O
_

0
5

_
4
1

0
0

_
4

0
2

_
V

1
.3

 

24 Grimm D et al (2003). Helper virus-free, optically controllable, and two-plasmid-based production of 
Adeno-associated virus vectors of serotypes 1 to 6. Mol Ther 7:839-50. 

25 Salmon F et al (2014). Safety profile of recombinant adeno-associated viral vectors: focus on 
alipogene tiparvovec (Glybera). Expert Rev Clin Pharmacol 7(1):53-65. 

26 Wadsworth S (2007). AAV specific issues pertaining to vector shedding in gene therapy clinical trials. 
Genzyme Corporation. Presentation from EMA/ICH Workshop on Viral/Vector Shedding. 
https://www.ema.europa.eu/documents/presentation/aav-specific-issues-pertaining-vector-shedding-
gene-therapy-clinical-trials-samuel-wadsworth_en.pdf (accessed September 15, 2021). 

27 Eggers M et al. (2020). Use of appropriate disinfectants for genetically modified viruses and viral 
vectors - Statement of the Commission for Virus Disinfection of the German Association for the Control 
of Viral Diseases (DVV) e. V. and the Society for Virology (GfV) e. V.. Epid Bull 35:3-14. 

 

 

https://www.ema.europa.eu/documents/presentation/aav-specific-issues-pertaining-vector-shedding-gene-therapy-clinical-trials-samuel-wadsworth_en.pdf
https://www.ema.europa.eu/documents/presentation/aav-specific-issues-pertaining-vector-shedding-gene-therapy-clinical-trials-samuel-wadsworth_en.pdf

