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Emine Rabia Sensevdi*, Zaloa Aguirre Sourrouille* and  
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Archaea are members of a separate domain of life that have 
unique properties, such as the composition of their cell walls 
and the structure of their lipid bilayers. Consequently, archaeal 
viruses face different challenges to infect host cells in 
comparison with viruses of bacteria and eukaryotes. Despite 
their significant impact on shaping microbial communities, our 
understanding of infection processes of archaeal viruses 
remains limited. Several receptors used by archaeal viruses to 
infect cells have recently been identified. The interactions 
between viruses and receptors are one of the determinants of 
the host range of viruses. Here, we review the current literature 
on host ranges of archaeal viruses and factors that might 
impact the width of these host ranges.

Address
Biology of Archaea and Viruses, Groningen Biomolecular Sciences and 
Biotechnology Institute, Faculty of Science and Engineering, University 
of Groningen, 9747 Groningen AG, the Netherlands  

Corresponding author: Quax, Tessa EF (t.e.f.quax@rug.nl)
* These authors contributed equally to this work.

Current Opinion in Microbiology 2023, 77:102423

This review comes from a themed issue on Host-Microbe 
Interactions: viruses

Edited by Rob Lavigne and Julia Frunzke

Available online xxxx

https://doi.org/10.1016/j.mib.2023.102423

1369–5274/© 2024 The Authors. Published by Elsevier Ltd. This is an 
open access article under the CC BY-NC-ND license (http:// 
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
Archaea are ubiquitous microorganisms found across var
ious ecosystems. They thrive in a wide range of en
vironments, encompassing extreme habitats such as hot 
springs and hypersaline environments, as well as more 
moderate ones such as the ocean and the human body 
[1–5]. Archaea represent a significant part of the microbial 
diversity and are key players in various nutrient cycles 
[6–8]. Many archaea possess a pseudocrystalline protei
naceous surface layer called the S-layer, which provides 
both physical and chemical protection [9–11]. In addition 

to S-layers, other types of cell envelopes have been found 
in archaea such as pseudomurein, methanochondroitin, 
and protein sheaths (present in some methanogenic ar
chaea) [12]. The archaeal cell envelope also contains fi
lamentous appendages, which are involved in surface 
adhesion, cell–cell communication, DNA exchange, mo
tility, and biofilm formation, and they represent an initial 
attachment site for some viruses [13–17].

Archaeal viruses
Archaeal viruses exhibit not only extraordinary morpholo
gical diversity but also an impressive genetic repertoire, 
with over 75% of their genes encoding unique proteins 
exclusive to these viruses [18]. Currently, archaeal viruses 
are classified into 33 families that can be divided into two 
groups: (i) archaea-specific (viruses with morphologies that 
are unique to archaea) and (ii) cosmopolitan archaeal 
viruses (viruses that are structurally similar to bacterial and 
eukaryotic viruses) [19–21]. All isolated archaeal viruses up 
to date infect members from two major phyla: Thermo
proteota and Euryarchaeota. In addition, recent metage
nomic studies have uncovered a spectrum of novel 
uncultivated archaeal viruses that have also been assigned 
to families [22–25]. Archaea-specific viruses display a re
markable array of morphologies, including spindle-shaped 
(Bicaudaviridae, Fuselloviridae, and Halspiviridae), bottle- 
shaped (Ampullaviridae), droplet-shaped virions (Guttavir
idae), and filamentous-shaped virions (Rudiviridae, Lipo
thrixviridae, Clavaviridae, and Tristomaviridae) [18,19,26,27]. 
Most of the archaea-specific viruses infect hyperthermo
philic archaea [18,27].

The cosmopolitan archaeal viruses, on the other hand, 
include head-tailed viruses of the order Caudoviricetes 
and the families Sphaerolipoviridae and Turriviridae 
[20,28]. All of these viruses, apart from the turriviruses, 
are known to infect members of Euryarchaeota [29,30].

First steps in viral infection
Viruses start their infection cycle by first attaching to a 
specific receptor on the surface of the host cell [31]. 
Next, the viral genome enters the host cell, either 
naked, leaving the protein capsid behind, or with the 
capsid. If the capsid enters the cell, an additional un
coating step is needed. Our knowledge on these first 
steps of the infection cycle, the host recognition and 
entry of archaeal viruses, is still rather scarce. Several 
studies have shown that most archaeal viruses studied up 

]]]] 
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to date can either bind to the S-layer glycoproteins or to 
filamentous structures at the host surface [32,33]. The 
current knowledge on host receptors used by archaeal 
viruses is summarized in Table 1 (for a recent review, 
see Kuiper et al., 2024). As structure and function are 
closely linked for viruses, the morphological diversity of 
archaeal viruses suggests that entry mechanisms used by 
archaeal viruses could be very diverse as well [32–35]. 
The specificity of this virus-receptor interaction de
termines the range of hosts that can be infected by a 
particular virus [31].

Description of host ranges
A virus’ host range is the spectrum of cell types and host 
species a virus is able to infect and produce progeny 
virus from. The host range varies between different 
viruses. Some viruses are described to have broad host 
ranges, which means that these viruses can successfully 
infect multiple hosts, either multiple strains of the same 
species, or even different species or members of dif
ferent genera [66,67]. The term ‘narrow host range’ is 
used for viruses that can only infect closely related 
strains/species. Viruses that can only infect a single host 
strain are often described as having an ‘extremely 
narrow’ host range.

Some factors that impact the virus–host range include (i) 
viral binding to host receptors, (ii) successful genome 
delivery (i.e. help in particle uncoating), (iii) availability 
of the requirements for replication (i.e. a host-encoded 
polymerase), (iv) virus-resistance mechanisms encoded 
by the host, such as the Clustered Regularly Interspaced 
Short Palindromic Repeats and CRISPR-associated 
protein 9 (CRISPR/Cas) system, and (v) the modularity 
of the phage–host interaction networks [44,68–70]. 
Viruses can either bind to a specific conserved receptor 
(monovalent viruses) or multiple distinct receptors 
(polyvalent viruses) [66,44,71]. From bacteriophages, it 
is known that monovalent broad host range viruses use 
conserved receptors that are present across multiple 
hosts, whereas polyvalent broad host range bacter
iophages usually are able to bind to multiple distinct 
receptors [44]. For example, the bacteriophages ɸ92 and 
SP6 have been shown to encode multiple receptor- 
binding proteins (RBPs), as part of their capsid, with 
different receptor specificities [72,73].

Host ranges can be determined with the help of la
boratory techniques. Traditional methods, such as 
plaque assay or spot-on-lawn assays, are widely used for 
viruses that form plaques on a host lawn (Figure 1). In 
contrast, non-lytic viruses can be identified by quanti
tative Polymerase Chain Reaction (qPCR) (Figure 2c). 
New techniques such as historical virus encounter tra
cing via CRISPR arrays, single-cell genomics, and viral 
tagging now allow exploration of viral host ranges with T
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uncultured viruses or host strains (Figure 2) [74,75]. 
When comparing the host range of viruses, it is im
portant to consider the method used to determine the 
host range, as experiments performed under laboratory 
conditions might only reveal part of the full host range 
that viruses display in their natural environment [75]. 
Therefore, it is important to always mention the tech
nique that was used to determine host range, and ideally 
use multiple complementary techniques to determine 
host ranges. Additional computational techniques can 
also be used to determine the host ranges of un
cultivated viruses either based on their host(s) se
quences or comparing virus genomes to the genomes of 
other viruses of which the host(s) are known [76,77]. In 
addition, it is important to keep in mind that host ranges 
are fluid and change over time. Receptors recognized by 
viruses might be expressed only under certain conditions 
(e.g. certain receptors might only be expressed at spe
cific growth phases), and the incorporation of a new 
spacer in the CRISPR array can suddenly render a strain 
resistance to a certain virus. Thus, a viral host range is 
not a strongly defined list of species, but it is dependent 
on both the method used to determine it and also on the 
growth conditions of the host cells.

Members of many archaeal phyla and their viruses have 
not been cultivated yet. Thus, it has to be taken into ac
count that the information on host ranges is still limited. 
However, with the cultivation-independent methods 

described above, we expect a great leap forward in this 
field in the years to come. Viral tagging has thus far not 
been applied to archaeal systems, but has great potential to 
significantly increase knowledge on archaeal virus–host 
ranges.

Host ranges of archaeal viruses
The host ranges of archaeal viruses can vary from ex
tremely narrow (1–2 hosts) to broad (multiple tax
onomically distinct hosts) (Figure 3) [20,74,78]. In a 
study conducted by Ceballos et al., the host ranges of 
various Sulfolobus spindle-shaped viruses (SSVs), 
namely SSV1, SSV2, SSV3, SSVL1, SSVK1, and SSVRH, 
were examined [74,79]. The investigation employed 
spot-on-lawn assays and encompassed multiple hosts 
from the Sulfolobaceae family. The results unveiled that 
SSV1 exhibited the narrowest host range, exclusively 
infecting Sulfolobus solfataricus strains P1 and P2, while 
failing to infect Sulfolobus acidocaldarius [64]. Con
versely, SSVRH demonstrated the broadest host range, 
infecting hosts beyond the Sulfolobus genus [74]. In a 
more recent investigation by Iverson et al., it was shown 
that deletion of the viral integrase of SSV1 led to an 
alteration of the host range by an unknown me
chanism [80].

Pleomorphic viruses such as HHPV-3 and HHPV-4 ex
hibited a narrow host range, as demonstrated in plaque and 
spot-on-lawn assays conducted on 47 haloarchaeal strains 

Figure 1  

Current Opinion in Microbiology

Laboratory techniques used to determine the host ranges of plaque-forming viruses. (a) Spot assay. A dilution series of each virus is prepared and 
drops of each dilution are spotted on a lawn of cells (known or potential host cell). The plates are incubated and examined for the presence of zones of 
clearance due to lysis or growth inhibition. (b) Plaque assay. Different dilutions of virus sample are mixed with the host culture and melted top layer 
agar and plated on a solid plate to quantify the number of infectious particles on a host lawn.  
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Figure 2  
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Figure 3  

Current Opinion in Microbiology

Schematic representation of archaeal virus–host ranges viral binding. The upper panel illustrates archaeal viruses with a broad (left upper side, 
highlighted in blue) and narrow (right upper side, highlighted in yellow) host range. Different colors are used for distinct archaeal host strains. The lower 
panel details the interaction of certain archaeal viruses with the host cell surface and the receptors involved in attachment. The question mark 
indicates yet-undiscovered receptors (left lower panel). Viruses and the cell surface are not drawn to scale. 
This figure is adapted from reference [33].

Laboratory techniques used to determine the host ranges of non-plaque-forming viruses. (a) Viral tagging. Viruses are labeled with DNA-binding 
fluorescent dyes and mixed with potential host strains. The samples are then sorted using a flow cytometer. The scatterplot shows the expected 
positions of the fluorescently labeled (viral-tagged, shown in blue) and unlabeled (nontagged, shown in black) cells. The analysis of viral DNA by 
genomic sequencing provides further information about the viruses and their host range. (b) Single-cell genomics. It is used to study the genetic 
information within a single cell (uninfected or infected cells). Hereby, single cells are isolated and the whole DNA within the isolated cell is amplified and 
analyzed by next-generation DNA sequencing. This technique enables the study of viral host range by linking virus and host genomes that reside in the 
same cell. (c) qPCR. This method can be used to detect viruses, such as chronic viruses that do not form visible plaques or spots on a host lawn. 
qPCR is a real-time DNA detection method that can be used to detect viral DNA in host populations. Cultures are infected with virus, washed and 
incubated, and after harvest, the presence of intracellular viral DNA is quantified with qPCR. (d) CRISPR arrays. This technique enables identification of 
historical virus by analyzing specific spacer sequences stored within the host’s genome. When a host cell, equipped with a CRISPR–Cas system, 
encounters a virus, Cas proteins capture a segment of the viral DNA, integrating it as a new spacer at one end of the CRISPR array. By sequencing the 
CRISPR array in the host genome, recent virus encounters can be detected by spacer acquisitions close to the leader sequence. This method can also 
be applied for viruses that are not yet isolated. Each spacer’s distinct color signifies a different acquired virus DNA.  
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[78,81]. Similarly, HRPV-1 displayed plaques exclusively 
on Halorubrum sp. PV6 after being tested on 13 haloarch
aeal strains by spot-on-lawn assays [82]. The pleolipovirus 
SNJ2 also exhibited a narrow host range [55]. Thus, gen
erally pleolipoviruses tend to have narrow host ranges. One 
exception is the recently isolated HFPV-1, which was 
shown to display a board host range [83]. Sphaer
olipoviruses have also been associated with narrow host 
ranges, although it has been postulated that SH1 and PH1 
in their natural environment might infect a broader range 
of hosts than observed under laboratory conditions [56].

The archaeal tailed viruses (arTVs), which are morpho
logically similar to tailed bacteriophages of the class 
Caudoviricetes, show different host ranges in comparison 
to pleolipoviruses and sphaerolipoviruses (Figure 3) [20]. 
While some of the members infect a single isolate, 
others can infect several species from different ha
loarchaeal genera and have thus a broad host range. For 
example, broad host ranges were observed for myovirus- 
like viruses infecting Halorubrum, particularly HCTV-12 
[29,45]. To gain insight into the factors influencing the 
diverse host ranges observed in arTVs, spot-on-lawn and 
plaque assays were conducted with viruses of the family 
Hafunaviridae [20]. Hafunaviruses, which are known for 
their broad host ranges, represent the largest family of 
myovirus-like archaeal viruses. Liu et al. found that two 
adjacent genes located at the end-of-the-tail morpho
genesis module play a role in host specificity [20]. One of 
the two genes encodes a glycine-rich protein, while the 
other gene encodes a small putative protein. The gly
cine-rich protein possesses typical features observed in 
adhesin proteins found at the distal tip of the tail fiber in 
various T-even bacteriophages, which enables recogni
tion of diverse host receptors [20,45]. Thus, adhesin- 
encoding genes could serve as crucial determinants for 
host range specificity in Hafunaviruses. Despite the 
differences in the cell surface structures of archaea and 
bacteria, the tail adhesins exhibit striking sequence si
milarities between arTVs and myophages, with four 
hypervariable segments separated by a set of highly 
conserved glycine-rich motifs [20,46].

Furthermore, it has been shown that archaeal viruses 
exchange host-specific genetic modules for RBPs, en
hancing their ability to infect a broad range of host 
strains [20]. The high sequence divergence in certain 
regions of Hafunavirus’ adhesins likely allows these 
viruses to interact with a wide array of receptor mole
cules on the host surface, contributing to their compe
titiveness in environments with high virus-to-host ratios.

Conclusion
Recently, the host range of a select group of archaeal 
viruses has been determined. In general, archaeal sphaer
olipoviruses and pleolipoviruses often have narrow host 

ranges, while myovirus-like archaeal viruses infect a wider 
range of hosts. Still, the variation in host range width be
tween members of the same family can be very big and, 
thus, the viral taxonomy cannot be used solely as a pre
diction of host range width.

The host range of bacterial and eukaryotic viruses is 
known to depend on various factors, including its 
binding to the host receptor, the virion morphology, host 
defense systems, and the entry and exit mechanisms.

The factors determining the host range remain obscure for 
most archaeal viruses. The only exception are the adhesins 
at the distal tip of the tail fibers that were reported to play a 
role in the host range of arTVs [20]. For bacterial head–tail 
viruses, the ability to interact with their host is mediated by 
RBPs including tail fibers, tailspikes and tail tips. The 
majority of bacteriophages express a single RBP, but certain 
phages express multiple RBPs. These diverse RBPs can 
recognize distinct receptors, enabling the phages to infect a 
variety of hosts. For example Klebsiella jumbo myophage 
ϕKp24 has 15 different tail fibers [84]. In the genomes of 
arTVs, a single gene encoding a tail fiber is present. 
However, as for the large majority of archaeal viruses their 
RBPs have not been identified yet, it might be possible that 
some viruses with different morphologies do encode mul
tiple RBPs, similarly to bacteriophages with multiple RBPs, 
which could allow them to broaden their host ranges.

The interaction between RBPs and viral receptors at the 
cell surface could be one of the most pronounced host 
range determinants, as this is the very first step of the 
infection cycle. For a select group of archaeal viruses 
(Table 1), the RBPs have been determined, such as the 
tail fibers of arTVs or the appendages at the ends of li
potrixviruses. Some of these (un)identified RBPs might 
have more mutational ‘freedom’ than others if they are 
not required for the stability of the virus, enabling them 
to expand their host range.

Not only the RBPs are important for host recognition, but 
also the receptors on the host cell surface. Both the S-layer 
and the filamentous surface structures were already iden
tified as viral receptors (Table 1). It has been shown that 
genes encoding archaeal surface filaments, such as T4P, are 
horizontally transferred between different archaea. This 
horizontal gene transfer contributes to the diversity of the 
cell surface among archaeal species. Transfer of receptors 
to new archaea, will affect the host range of viruses using 
these receptors. Moreover, several archaea, such as ha
loarchaea, encode multiple copies of their cell surface 
components, such as S-layer proteins, archaellins (the main 
component of the archaellum), or pilins (the major com
ponent of adhesive T4P). Some of these have been sug
gested to function as ecoparalogs, genes that perform 
similar functions under different environmental conditions. 
It is not yet studied in detail under which conditions the 
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different gene copies of these cell surface genes are ex
pressed. The growth phase or environmental conditions 
likely affect the expression of these viral receptors, which 
in turn will impact the viral host range.

In eukaryotic viruses, host range determinants and ex
planations for host species jumps are an important field 
of research. Influenza-A virus, for example, can rapidly 
expand its host range and adapt to new species, as it can 
undergo extensive reassortment of their genes when 
different viruses infect a single cell simultaneously. 
Structural features of the host glycoconjugates also affect 
the interactions of influenza virus and its receptor. This 
genomic reassortment as for influenzamight be difficult 
in archaeal viruses, as their genomes are not segmented. 
However, infection of one cell by multiple viruses has 
been reported for archaea and thus might enhance the 
exchange of genetic modules responsible for virion ar
chitecture, replication, or release [13,19].

It is important to understand how viruses and hosts 
coevolve in response to each other, as viral host ranges 
profoundly impact ecosystems and expanding host 
ranges can cause viral epidemics among different hosts 
(e.g. Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) pandemic, Ebola outbreaks, and demise 
of algal blooms). Although for archaea we do not speak 
about ‘disease,’ infection still can lead to profound cell 
dysfunctioning or even cell death. Changing host ranges 
could result in potential virus ’epidemic’ in archaea.

Studying host range determinants in archaea, and the 
comparison of these with similar studies for bacterial and 
eukaryotic viruses, will allow the detection of universal 
factors impacting viral host range. This insight into viral 
host range determinants is important to predict and 
monitor the development of cell disfunctioning and the 
balance in many ecosystems.

In the years to come, the increased application of viral- 
tagging and single-cell genomics will likely significantly 
expand the number of characterized archaeal virus–host 
ranges. In combination with mechanistic laboratory stu
dies, we anticipate many interesting findings in this re
latively new field of research.
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