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ABSTRACT
Human adenoviruses (Ad) are increasingly used as vaccine vectors, especially after Ad5, Ad26, and ChAdY25 (ChAdOx1) 
were employed as vectors for SARS-CoV-2 vaccines. So far, more than 116 adenovirus genotypes have been identified, 
divided into 7 species (A-G). Most adenoviruses do not cause diseases or are mildly pathogenic, with only species B and E 
leading to acute respiratory infections or conjunctival inflammation and species F causing gastrointestinal infections. 
Previous studies have shown that the seroprevalence of neutralizing antibodies against adenoviruses can be limiting 
when applying adenoviral vectors. On the other hand, for highly pathogenic adenoviruses, neutralizing antibodies is 
beneficial for preventing the diseases caused by these adenoviruses. Here, we summarized the studies on the 
seroprevalence of adenoviruses, especially adenoviruses that may be utilized as vectors for vaccine and gene therapy. 
We also analysed possible factors associated with the seroprevalence and neutralizing titres. Given the trend of 
increasing adenoviral vector application, it is necessary to continue the investigation of the seroprevalence of 
neutralizing antibodies against adenoviruses in different geographic locations and populations.
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Introduction

Adenovirus and adenoviral vectors

The adenovirus was firstly isolated from human ade
noids in 1953. To date, more than 116 adenovirus 
genotypes have been identified, divided into seven 
species (A-G) (http://hadvwg.gmu.edu/). Different 
types of adenoviruses have unique characteristics 
due to their tissue tropism. Species A, such Ad12, 
Ad31, mainly causes gastrointestinal infections [1]. 
Species B, including Ad3, Ad7, Ad14, and Ad55, 
mainly cause respiratory infections and can lead to 
severe bronchial inflammation and pneumonia that 
can be life-threatening [2,3]. Species C, such as 
Ad1 and Ad2, mainly cause respiratory and gastroin
testinal infections and do not cause severe diseases. 
Species D and E, such as Ad8 and Ad4, can lead 
to ocular conjunctivitis [4–6]. Species F, such as 
Ad40 and Ad41, and species G, such as Ad52, can 
cause inflammation of the gastrointestinal tract. In 
addition, a few adenoviruses, such as Ad7 and 
Ad12, have been reported to be associated with can
cers [7].

Since the 1980s, several adenoviruses have been 
developed as gene expression vectors, such as Ad2 
and Ad5 [8]. Genetically engineered replication- 
incompetent adenoviruses have advantages such as 
high safety, efficient expression of inserted genes, 
induction of strong antibodies and cellular immu
nity, and large-scale production. Therefore, many 
serotypes of adenoviruses, including Ad1, Ad2, 
Ad3, Ad4, Ad5, Ad6, Ad7, Ad11, Ad24, Ad26, 
Ad28, Ad35, Ad40, Ad43, Ad48, Ad49, Ad50, have 
been developed as vaccine and gene therapy vectors 
to deliver antigens. Adenoviruses commonly used as 
vaccine vectors include replication-competent and 
replication-incompetent adenoviruses. Replication- 
competent adenoviral vectors generally only delete 
the E3 region that encodes proteins with inhibitory 
functions on the host immune response. This viral 
vector shows good immunogenicity and is easy to 
amplify, but there are concerns about its safety. In 
addition, no more than 3.5 kb foreign genes can be 
inserted into its E3 region, so the capacity of such 
vectors is limited. Replication-incompetent adeno
viral vectors usually have E1 or both E1 and E3 
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regions deleted. The protein encoded by the E1 
region is necessary for viral replication. Therefore, 
E1-deficient adenoviruses can only be produced in 
a cell line that expresses the E1 proteins in trans, 
such as HEK293. However, this vector showed 
good safety, and E1 deletion further increased the 
vector capacity to 7 kb.

Adenovirus neutralizing antibodies

Many studies have shown that serum-neutralizing 
antibodies against an adenovirus can affect the effec
tiveness of an adenovirus vectored vaccine or gene 
delivery [9]. Most anti-adenovirus neutralizing anti
bodies recognize the major surface protein hexon 
and the fiber that interacts with the receptor [10,11]. 
It is generally believed that anti-fibre antibodies can 
inhibit adenovirus infection by inhibiting the binding 
of adenovirus fiber knob with the target cell surface 
receptors [12]. Hexon is not involved in the binding 
of adenovirus with cell surface receptors. Therefore, 
it is unlikely that the neutralizing effect of anti- 
hexon antibodies involves classical blocking of infec
tion. Studies indicated that anti-hexon antibodies 
may inhibit viral release from endosomes [13] or 
block the microtubule-depezong’zndent intracellular 
transport [14].

Since 1969, a large-scale epidemiological investi
gation has been conducted on various adenoviruses. 
The pathogenic characteristics and respiratory infec
tion symptoms caused by different adenovirus sero
types were recognized [15,16]. Subsequently, many 
studies have been conducted on the seroprevalence 
of several adenoviruses [17,18]. One study used a neu
tralization assay to analyse 33 adenoviruses, including 
Ad1 to Ad33. It was found that 74.6% of the popu
lation were positive for at least one adenovirus. The 
highest seroprevalence was Ad2, 41.5%, followed by 
Ad5, lower than 35%[19]. However, studies performed 
in recent years showed that the seroprevalence of Ad2 
and Ad5 is much higher, ranging from 62.0% to 73.0% 
[20–22]. Preexisting immunity against adenoviruses 
includes humoral, cellular, and innate immune 
responses, such as neutralizing antibodies (nAbs), 
specific T cells, and type I IFN-activated NK cells 
[23]. Preexisting antibodies against adenoviruses are 
generally believed to be the most important factor 
affecting infection. Common serotypes such as Ad2, 
Ad5, and Ad6 typically have higher preexisting anti
bodies than the rare serotypes Ad26 and Ad35 and 
species B adenoviruses such as Ad7, Ad14, and Ad55 
[24]. This article summarizes the seroprevalence of 
human adenoviruses and simian adenoviruses 
reported in the literature since 2000 to provide a com
prehensive overview to support the application of ade
novirus vectors.

The seroprevalence of adenoviruses

The seroprevalence of common serotype 
adenoviruses

Several adenoviruses have been widely employed as 
vaccines and gene therapy vectors. Currently, Ad2 
[21,25], Ad4 [26], Ad5 [27], Ad26 [28], Ad35 [29], 
chimpanzee adenovirus type 7 [30], type 68 [31] and 
chimpanzee adenovirus type Y25 (ChAdOx1) [32] 
have been exploited as vectors, and some of them 
have even been used as COVID-19 vaccines in several 
hundred million people[33].

To support the development and application of 
adenovirus vectors, researchers have investigated the 
seroprevalence of several adenoviruses in the past 20 
years. Ad5 is the most mature and widely used adeno
virus, and its seroprevalence is the most extensively 
studied. In the study of Ad5 seroprevalence, the survey 
area included many countries in Africa, America, 
Asia, Europe, and other regions [34,35]. The survey 
population included children, teenagers, adults, the 
elderly, healthy people, HIV patients, hepatitis B 
patients, cancer patients, and so on [36,37]. By sum
marizing the Ad5 seroprevalence reported in the lit
erature since 2000, we found that the median Ad5 
seroprevalence is generally high, reaching 69.3% 
(interquartile range, IQR 54.9–84.5%) (Table 1) 
around the world, and most of the research results 

Table 1. The median seroprevalence of different types of 
human and Chimpanzee adenoviruses worldwide. (IQR: 
interquartile range).

Adenovirus
median seroprevalence 

(%)
interquartile range 

(%)

Ad1 55.0 35.1–65.0
Ad2 61.0 52.0–75.5
Ad3 61.5 39.1–79.0
Ad4 50.2 25.5–61.3
Ad5 69.3 54.9–84.5
Ad6 44.0 20.0–66.7
Ad7 26.0 13.1–44.0
Ad8 26.4 26.4–26.4
Ad11 18.0 6.3–26.0
Ad14 24.8 17.0–48.0
Ad24 10.0 10.0–10.0
Ad26 44.0 18.0–65.4
Ad28 17.0 6.0–58.0
Ad31 73.0 73.0–73.0
Ad34 2.0 2.0–2.0
Ad35 8.4 3.3–17.1
Ad36 34.7 24.7–63.0
Ad41 94.0 73.5–94.7
Ad43 4.0 4.0–4.0
Ad48 10.8 6.3–16.4
Ad49 9.0 7.5–21.2
Ad50 10.8 7.4–14.9
Ad55 19.8 13.2–28.2
Ad56 56.0 56.0–56.0
Ad58 0.0 0.0–0.0
ChAd1 4.0 2.5–7.4
ChAd6 11.8 8.1–20.4
ChAd7 13.1 12.9–17.2
ChAd24 45.0 45.0–45.0
ChAd63 22.1 20.0–24.3
ChAd68 10.2 5.2–22.7
ChAdY25 4.5 2.3–6.8
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were between 58% to 92%. Serum samples obtained 
from infants aged 0–3 years showed Ad5 seropreva
lence of less than 50%. There are few studies on the 
seroprevalence of Ad2 and Ad6 [21,24], which also 
belong to the species C. We analysed the epidemiolo
gical data published since 2000 and found that the 
median seroprevalence to Ad2 was 61.0% (IQR: 
52.0–75.5%), slightly lower than Ad5 (Table 1). The 
median seroprevalence of Ad6 is 44.0% (IQR 20.0– 
66.7%), which was lower than Ad2 and Ad5 
(Figure 1(A)). The seroprevalence of adenovirus in 
species C, commonly used as vaccine and gene therapy 
vectors, is higher than that of other species.

We conducted a statistical analysis to provide a 
reference for the use of adenovirus vectors in different 
regions. We found that the median seroprevalence of 
Ad5 in Africa is the highest (Figure 1(B)), reaching 
87.9% (IQR 73.0–90.0%), followed by Asia, reaching 
71.8% (IQR 64.5–76.7%) (Table 2), while the median 
seroprevalence of Ad5 is 50.9% (IQR 37.0–67.6%) 
and 58.0% (IQR 45.0–66.2%) in America and Europe, 
respectively. The seroprevalence of Ad5 in developing 
countries is significantly higher than in developed 
countries [24,34,38].

Serum-neutralizing antibodies are the main factor 
affecting the use of adenoviruses as vectors. Therefore, 
determining neutralizing antibody titres (NATs) is 
particularly important. Our analysis found that Ad5 
NATs were more evenly distributed among the low-, 
mid-, and high-titres (titres <200, 200–1000, and 
>1000) in the populations (Figure 2(A, B)). Although 

Ad5 NATs were detected at all ranges of dilutions, the 
median seropositivity in the mid-and high-titre range 
(titres 201–1000 and >1000) was 27.2% (IQR 16.8– 
37.79%) and 26.2% (IQR 14.6–37.8%) (Table 3), 
respectively. The Ad5 NATs in the low titres (titres: 
18–200) was 20.3% (IQR 14.0–26.9%). It has been con
sidered that in the middle and high NATs populations, 
adenoviral vectors could be less effective. Interestingly, 
Ad6, which belongs to the species C, is quite different. 
There were few people with NATs in the high titres of 
>1000, accounting for only 4.1% (IQR 0–6.3%), which 
was significantly less than that of Ad5 (Figure 2(A,B), 
Table 3). The proportion of Ad6 NATs population in 
the low titres (titres: 18–200) accounted for the vast 
majority, suggesting that Ad6 may be able to serve 
as an alternative vector for other species C adeno
viruses such as Ad2 and Ad5.

The seroprevalence of rare serotype 
adenoviruses

Due to the high prevalence of preexisting antibodies 
against commonly used adenoviral vectors such as 
Ad2 and Ad5, rare serotype adenoviruses have been 
attempted to develop as vectors since the 1990s. Mean
while, the seroprevalence of rare serotype adeno
viruses has also been studied. Among them, Ad26 
and Ad35 are the most well-studied [24,34,38–42]. 
We summarized all analyses of seroprevalence across 
South America, North America, Europe, Asia, and 
Africa. The result showed that the median 

Figure 1. Seroprevalence of adenoviruses. (A) Seroprevalence of 25 human adenoviruses and 7 chimpanzee adenoviruses. We 
collected and summarized the results of adenovirus seroprevalence surveys in the human population reported since 2000. 
Each dot represents adenovirus seroprevalence within a survey. (B) Seroprevalence of 6 adenoviruses in different regions.

EMERGING MICROBES & INFECTIONS 3



seroprevalence of Ad26 was 44.0% (IQR 18.0–65.4%), 
whereas the median seroprevalence of Ad35 was only 
8.4% (IQR 3.3–17.1%) (Figure 1A, Table 1), which was 
significantly lower than that of Ad5. In published 

research reports, the seroprevalence of Ad35 is mostly 
below 20%, while Ad26 spans a wide range from 10% 
to 70%. There are two main factors contributing to 
this situation. The first is the regional difference. The 
antibody levels in sub-Saharan African countries are 
significantly higher than those in Europe and the Uni
ted States [34,40,41]. Second, the age distribution of 
the tested population varied, and the seroprevalence 
of young children was significantly lower than that 
of adults [40]. The seroprevalence of Ad26 varies 
greatly between developed and developing countries, 
while the seroprevalence of Ad35 is relatively low 
globally. The Ad26 seroprevalence in the United States 
and Europe is low, at 13.35% (IQR 9.7–22.8%) and 
4.9% (IQR 3.9–6.0%), respectively. The Ad26 seropre
valence is high in Asia and Africa, at 50.8% (IQR 44.1– 

Table 2. The median seroprevalence of multiple types of human adenoviruses in different continents. (IQR: interquartile range).
Adenovirus Seroprevalence America Europe Asia Africa

Ad4 median(%) 25.5 46 56 69.3
IQR(%) 14.9–45.3 46.0–46.0 50.2–58.4 69.3–69.3

Ad5 median(%) 50.9 58 71.8 87.9
IQR(%) 37.0–67.6 45.0–66.2 64.5–76.7 73.0–90.0

Ad6 median(%) 27.1 41 24.4 70.8
IQR(%) 6.8–47.4 33.5–46.1 19.0–40.3 66.7–79.2

Ad11 median(%) 14.0 6.0 18.0 25.0
IQR(%) 8.3–21.0 5.1–22.0 6.6–24.0 10.0–28.0

Ad26 median(%) 13.35 4.9 50.8 64.6
IQR(%) 9.7–22.8 3.9–6.0 44.1–56.3 34.6–71.0

Ad35 median(%) 7.3 1.5 9.4 14.4
IQR(%) 5.9–19.9 0.7–3.9 2.8–16.1 10.0–19.0

Figure 2. Contribution of different adenovirus neutralizing antibody titres (NATs). (A, B) Serum NATs distribution of adenovirus 
vectors of different serotypes in the population. The distribution of serum NATs of 9 human adenoviruses reported since 2000 
were summarized. NATs ranged are: negative (<18), low (18–200), moderate (200–1000) and high (>1000).

Table 3. Serum neutralizing antibody titres distribution of 
different types adenovirus vectors in the population. Mean 
seroprevalence %.
Adenovirus <18 18–200 201–1000 >1000

Ad5 26.3 20.3 27.2 26.2
Ad6 34.9 41.0 20.1 4.1
Ad11 86.4 5.9 3.0 4.8
Ad26 57.8 29.6 10.4 2.3
Ad35 89.2 7.9 2.2 0.6
Ad36 48.9 41.4 8.1 1.7
Ad48 84.3 13.4 1.9 0.4
Ad49 82.8 15.8 1.4 0.0
Ad50 89.7 8.4 1.4 0.5
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56.3%) and 64.6% (IQR 34.6–71.0%), respectively 
(Figure 1(B), Table 2). For Ad35, the seroprevalence 
is low, less than 15% globally (supplementary 
Table 1). Ad35 has not yet established broad herd 
immunity and has the potential to become a widely 
used adenoviral vector.

We further analysed serum NATs of Ad26 and Ad35 
in China. We found that Ad26 NAT is concentrated in 
the low titres of 18–200, accounting for 29.6% (IQR 
13.1–44.9%) (Table 3), while Ad26 NAT in high titres 
(>1000) was also only 2.3%. Ad35 NAT in high 
(>1000) and medium (200–1000) titres were only 
0.6% and 2.2%, and in the low titres (18–200) was 
only 7.9% (Figure 2(A,B), Table 3). This result suggests 
that Ad35 may be a more suitable candidate vector than 
Ad26. Compared with Ad5 and Ad6, Ad35 and Ad26 
have a lower proportion of high-titre neutralizing anti
bodies (Figure 2(A,B)), suggesting Ad35 and Ad26 may 
be more useful as vectors.

Several other rare serotype adenoviruses have also 
been attempted as vectors, and the seroprevalence 
has been studied [43,44]. The median seroprevalence 
was 10.0% (IQR 10.0–10.0%) for Ad24, 17.0% (IQR 
6.0–58.0%) for Ad28, 10.8% (IQR 6.3–16.4%) for 
Ad48, 9.0% (IQR 7.5–21.2%) for Ad49, and 10.8% 
(IQR 7.4–14.9%) for Ad50 (Figure 1, Table 1). There 
are almost no high NATs (>1000) and only about 
10% of the low NATs (18–200) of Ad48, Ad49, and 
Ad50 (Figure 2(A,B), Table 3). These findings 
suggested that lower herd immunity of these adeno
viruses may offer good potential for vector 
development.

Interestingly, there is a correlation between Ad36 
seroprevalence and obesity [24,45]. Statistical analysis 
showed that the median seroprevalence of Ad36 was 
34.7% (IQR 24.7–63.0%). The Ad36 NAT was concen
trated in the low titres of 18–200, accounting for 41.4% 
(IQR 24.5–55.6%) (Figure 2(A,B), Table 3). The sero
prevalence of Ad36 is significantly higher in obese 
individuals [46,47]. The underlying mechanism 
should be investigated before Ad36 can be considered 
for development as a vector. For example, the E4 orf-1 
gene should be deleted since it regulates the adipo
genic cascade and induces fat production [48,49].

The seroprevalence of highly pathogenic 
adenoviruses

Species B and E adenovirus often cause respiratory 
infections, severe pneumonia, and even death. The 
main pathogenic serotypes are Ad3, Ad4, Ad7, 
Ad11, Ad14 and Ad55. Ad3 and Ad7 are widespread 
in children, causing acute respiratory infection and 
even death [50,51], while Ad55 often occurs in adults 
and leads to severe pneumonia [52]. There were 
serious outbreaks of Ad4 and Ad7 in the U.S. military 
after discontinuing the bivalent Ad4 and Ad7 

vaccines, leading to the resume of this orally adminis
tered vaccine based on replication-competent wild- 
type viruses [53]. There is an unmet medical need to 
develop preventive and therapeutic measures for 
these highly pathogenic adenoviruses. Studies showed 
that the seroprevalence of Ad3 and Ad4 was higher 
than that of other adenoviruses, such as Ad7, Ad11, 
Ad14, and Ad55 (Figure 1(A), Table 1). Since 2000, 
Ad3 seroprevalence studies have included North 
American, European, and Asian populations (Sup
plementary Table 1), which showed that the median 
seroprevalence of Ad3 was 61.5% (IQR 39.1–79.0%). 
The median seroprevalence of Ad4 in North American 
and Asian adults was 50.2% (IQR 25.5–61.3%). The 
median seroprevalence of Ad7, Ad11, Ad14, and 
Ad55 was 26.0% (IQR 13.1–44.0%), 18.0% (IQR 6.3– 
26.0%), 24.8% (IQR 17.0–48.0%), and 19.8% (IQR: 
13.2–28.2%) (Figure 1(A), Table 1), respectively. The 
median seroprevalence of Ad7, Ad11, Ad14, and 
Ad55 was at lower levels, suggesting that these adeno
viruses could cause an epidemic. However, these 
reports only represented a designated region. The epi
demiology of species B adenoviruses in other regions 
requires further investigation. Ad11 of species B ade
novirus has also been explored as a vector. The distri
bution of serum NAT at low, medium, and high titres 
of Ad11 was relatively comparable and was below 
30%. Seroprevalence of Ad11 was lower in European 
and American countries than in African countries 
[54].

Species F adenoviruses can typically cause gastroin
testinal illnesses such as diarrhoea. However, serologi
cal studies of these adenoviruses are rare. Only a few 
papers have reported the seroprevalence of Ad41, 
with the median seroprevalence being as high as 
94% (IQR 73.5–94.7%) in the Americas and Asia 
(Table 1, Supplementary Table 1). This may be 
because the samples were taken from immunocom
promised individuals and may not reflect the actual 
situation in the population, which needs to be studied 
in healthy individuals.

The seroprevalence of non-human primate 
adenoviruses

In order to circumvent the preexisting immunity 
against common human adenoviruses for vector 
applications, a variety of non-human adenoviral vec
tors have been developed, such as bovine adenoviruses 
[55], canine adenoviruses [56] and chimpanzee adeno
viruses [57]. Chimpanzee adenoviruses exhibit a high 
similarity to human adenoviruses, which has facili
tated the more extensive development and utilization 
of chimpanzee adenoviral vectors, such as ChAd6, 
ChAd7, ChAd24, ChAd63, ChAd68 and ChAdY25. 
Since 2000, several population-based serological sur
veys for chimpanzee adenoviruses have been 
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conducted, with the results indicating the presence of 
neutralizing antibodies against these adenoviruses in 
the sera of a subset of the population. For example, 
antibody-positive sera for ChAd6, ChAd7, ChAd24, 
ChAd63, ChAd68, and ChAdY25 (ChAdOx1) were 
detected in the population, albeit at low levels, with 
a seroprevalence below 30% (Figure 1(A), table 1).

The seroprevalence of chimpanzee adenoviruses 
exhibited notable differences. The median seropreva
lence of ChAd63 was 22.1% (IQR: 20.0–24.3%) in 
Kenyan healthy children, which was higher than 
that of ChAd6, ChAd7, ChAd68 and ChAdOx1 
(Figure 1(A), Table 1). The median seroprevalence 
of ChAd1 was 4.0% (IQR 2.5–7.4%), which was sig
nificantly lower than that of ChAd6 (11.8%, IQR: 
8.1–20.4), ChAd7 (13.1%, IQR: 12.9–17.2%) and 
ChAd68 (10.2%, IQR: 5.2–22.7%) (Figure 1(A), 
Table 1).

Further serological studies on chimpanzee adeno
viruses revealed significant differences from the 
human Ad5 vector. For example, the seroprevalence 
of ChAd63 was only 4% among malaria patients, 
whereas the prevalence of Ad5 neutralizing antibodies 
in the same population was 23% [58]. The serum anti
body titre to ChAd63 was found to be 1:139 in adults 
and 1:35 in children [59]. Additionally, some studies 
have examined the discrepancy between Ad5 and 
ChAd68 seroprevalence in healthy individuals and 
tumour patients. The findings indicate that Ad5 
(71.57 vs 67.05%) is significantly higher than 
ChAd68 (23.53 vs 43.64%) [22]. The seroprevalence 
of ChAd68 in tumour patients was 43.64%, consider
ably higher than that in healthy people (23.53%) 
[22]. The adenovirus-vectored vaccine developed by 
AstraZeneca for treating SARS-CoV-2 infection uses 
the ChAdOx1 vector. The seroprevalence is 0% in 
the United Kingdom and 9% in The Gambia [60]. 
With the widespread use of vaccines, the seropreva
lence of ChAdOx1 will increase.

The preclinical evaluation of adenoviral vectored 
vaccines employs rodents and non-human primates 
as animal models. However, neutralizing antibodies 
against adenoviruses in animals may impact the 
efficacy of adenoviral vectors. For instance, the sero
prevalence of human Ad5 in marmosets was 28.6% 
[61]. Consequently, assessing the neutralizing anti
bodies in animal models corresponding to the adeno
virus is important before initiating preclinical studies.

Factors influencing the seroprevalence of 
adenoviruses

Geographic region, age, and living 
environment

The prevalence of adenovirus antibodies is primarily 
influenced by three key factors: geographic region, 

age, and living environment. A given region’s sanitary 
conditions and climate may vary considerably from 
one area to another. Some of the developing countries 
in Africa are characterized by having a warm and 
humid climate and poor hygienic conditions. Conse
quently, those at risk of infection are more likely to 
become infected with adenovirus, resulting in a higher 
level of herd immunity than in developed countries in 
Europe and the United States [24,38,41]. A study was 
conducted on adenovirus antibodies in children resid
ing in urban and rural areas within the same region. 
The study demonstrated that the seroprevalence of 
urban children was 8-15%, whereas the seroprevalence 
of rural children during the same period was 62%. A 
further study demonstrated a similar pattern in 
Ad41 seroprevalence. The seroprevalence of children 
from urban, suburban, and rural areas was 22%, 
47%, and 88%, respectively [20]. It has been demon
strated that an improvement in sanitary conditions 
is associated with a reduction in the prevalence of 
Ad5 in children. Furthermore, some studies have indi
cated that the seroprevalence of adenovirus exhibits 
seasonal variation in different geographical regions, 
with higher prevalence observed in the northern 
hemisphere during the winter months compared to 
the summer months in the southern hemisphere. 
The age of the subject has a more pronounced effect 
on adenovirus seroprevalence. As age increases, the 
probability of exposure to pathogens rises, 
accompanied by a notable increase in antibody posi
tivity rates [62,63]. Several studies have demonstrated 
a positive correlation between the seroprevalence of 
different adenoviruses and age.

The randomness of sample sources

The randomness and representativeness of sample 
sources and the occupation may result in discrepan
cies in adenovirus seroprevalence testing. Most studies 
have demonstrated that gender, race, blood type, and 
health status do not influence the seroprevalence of 
adenovirus. For example, multiple studies have 
confirmed that in patients with HIV and chronic 
hepatitis, the seroprevalence of Ad5 is similar to that 
of healthy individuals [36,37]. Nevertheless, some 
studies have indicated that the seroprevalence of 
AdC68 was markedly elevated in certain tumour 
patients compared to that observed in healthy individ
uals [22]. Furthermore, studies have suggested that the 
seroprevalence of AdC63 in children is notably low, at 
only 4%. As a comparison, the seroprevalence of Ad5 
in the same population is 23% [58,59], and the neutra
lizing antibody (NAb) titres of AdC63 in children are 
significantly lower than those in adults. Furthermore, 
as new adenovirus genotypes are isolated and ident
ified, research on the seroprevalence of these new ade
noviruses should be continued.
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Detection methods

Another factor contributing to discrepancies in the 
study of adenovirus seroprevalence is the method
ology employed for the measurement of antibodies. 
Since the twenty-first century, micro-neutralization 
(MN) assay (A highly sensitive and specific test for 
detecting virus-specific neutralizing antibodies) has 
become the predominant method for detecting adeno
virus antibodies. However, different detection 
methods employ distinct protocols and standards for 
IC50 or IC90 (the concentration of drug required for 
50% or 90% inhibition). The sensitivity of the various 
detection methods differs. Earlier studies mainly used 
cytopathic effect (CPE) or CPE combined with 
enzyme-linked immunosorbent assay (ELISA) to 
determine IC50 or IC90. Recent studies have used 
recombinant adenovirus carrying green fluorescent 
protein (GFP), secretory alkaline phosphatase 
(SEAP), or luciferase reporter genes to detect and cal
culate IC50 or IC90 by inhibiting the expression of the 
reporter gene [64–66]. Furthermore, different labora
tories utilize disparate cells for testing, resulting in 
inconsistent judgment criteria. MN assays based on 
SEAP or luciferase-expressing adenoviral vectors 
have been reported to be more sensitive and objective 
than previously used CPE-based methods.

Strategies to address adenovirus 
seroprevalence

Development of alternative serotype or epitope 
chimeric adenoviral vectors

Seroprevalence surveys detect serum neutralizing anti
bodies against adenovirus in the population, which are 
also preexisting antibodies. The presence of neutraliz
ing antibodies against Ad5 and other commonly used 
adenoviral vectors, either preexisting due to natural 
infection or following a single administration of vec
tored vaccines or gene therapy, is inevitable. This 
may be an important factor limiting the effectiveness 
of adenoviral vector applications. Therefore, how 
can the influence of pre-existing neutralizing anti
bodies against adenoviral vectors be circumvented? 
A common approach is to develop alternative rare ser
otype adenoviral vectors [38,41,67,68]. For example, 
to circumvent the high levels of Ad5-neutralizing anti
bodies in the population, Ad26 and Ad35 have been 
developed as vectors and used in humans [69,70]. As 
neutralizing antibodies against these adenoviruses 
increase after their application, the development of 
more new adenoviral vectors can be considered.

The adenovirus capsid protein hexon’s hypervari
able region (HVR) is the primary epitope for neutraliz
ing antibodies [71–73]. Studies have also pointed out 
differences in recognizing epitopes by antibodies 
induced by natural infection and vaccine 

immunization. In natural infection, it is easier to 
induce antibodies against fibre, whereas vaccine immu
nization mainly induces neutralizing antibodies against 
hexon [74,75]. Therefore, another strategy to circum
vent preexisting antibodies is to replace the Hexon 
HVR or Fiber knobs of rare serotypes and construct 
chimeric adenovirus vectors with the replacement of 
neutralizing epitopes [76,77]. For example, a chimeric 
rAd5 vector, in which the seven short hypervariable 
regions (HVRs) on the surface of the Ad5 hexon 
protein were replaced by the corresponding HVRs 
from the rare adenovirus serotype Ad48 [77]. In the 
presence of high levels of preexisting anti-Ad5 immu
nity, the immunogenicity of the HVR chimeric rAd5 
vector was not detected to be suppressed, while the 
immunogenicity of the parental Ad5 vector was abol
ished. Ad5F35, which is a fibre that transforms the 
commonly used Ad5 vector into Ad35 fiber, which 
can avoid the influence of preexisting antibodies 
against Ad5 fibre [78]. But this approach can also 
quickly induce herd immunity against rare serotypes.

Immunization strategies

Other strategies for circumventing the preexisting 
antibodies include altering the immunization route 
or increasing the immunization dose. These strategies 
aim to overpower the local presence of neutralizing 
antibodies. For example, local administration of 
high-dose adenovirus may achieve breakthrough 
infection. In recent years, researchers have also tried 
to coat the adenoviral vector particles with materials 
for in vivo delivery to circumvent the impact of preex
isting antibodies [79,80]. More effective methods to 
breakthrough the effect of neutralizing antibodies 
against adenovirus need to be further developed.

Since the outbreak of COVID-19, adenoviral vec
tored vaccines have become a key strategy in prevent
ing the pandemic. Clinical studies using human Ad5, 
Ad26, and ChAdOx1 (ChAdY25) were conducted. 
Vaccine-induced immune thrombotic thrombocyto
penia (VITT) is a rare adverse reaction to adenovirus 
vectored vaccines [81], which was found in vaccinees 
injected with Ad26.COV2.S [82] or ChAdOx1 nCov- 
19 [83], but not Ad5 vectored vaccines. This may be 
related to the higher seroprevalence of Ad5 neutraliz
ing antibodies, which neutralize Ad5 vaccines that leak 
into the bloodstream, thus preventing VITT. There
fore, neutralizing antibodies against an adenovirus 
may provide some safety assurance to adenovirus- 
based applications.

Conclusions

Since the discovery of adenovirus in 1953, extensive 
research has been conducted on the biological proper
ties of adenovirus and the development of adenovirus- 

EMERGING MICROBES & INFECTIONS 7



based applications. Current research on adenovirus 
seroprevalence included commonly used serotypes 
such as Ad2 and Ad5, rare serotypes such as Ad26, 
Ad35, and Ad48, pathogenic adenoviruses such as 
Ad3, Ad7, Ad11, and Ad55, and chimpanzee adeno
viruses such as ChAd6 and ChAd68 et al. Ad5 showed 
the highest seroprevalence, which may be related to 
the high infection rate of Ad5. With the use of adeno
virus vectored vaccines, the level of herd immunity for 
the corresponding adenovirus may increase. New vec
tors or methods need to be developed to circumvent 
neutralizing antibodies. New adenoviruses are con
stantly being isolated and identified, providing 
researchers with more vector options. The seropreva
lence of newly discovered adenoviruses should also be 
investigated to avoid cross-neutralizing antibodies 
influence of adenoviruses due to recombination.
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