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A B S T R A C T

SARS-CoV-2 incidence and mortality in Europe have shown wide variation. Northern Italy in particular the
Lombardy region, north-eastern French regions, Switzerland and Belgium were amongst the hardest hit, while
the central and southern Italian regions, all the Balkan countries from Slovenia to Greece and the Islands of Malta
and Cyprus had much fewer cases and deaths per capita, and deaths per number of cases. Differences in public
health measures, and health care delivery, in the author’s opinion, can only partly explain the difference. The
geographical distribution of Phlebotomus sand-flies and the relative distribution of arthropod borne diseases
Leishmaniasis and Phlebovirus infections especially the Sicilian Sandfly fever group corresponds to most areas of
low prevalence of SARS-CoV-2. A hypothesis is proposed whereby repeated arthropod or sandfly vector infection
of humans by novel viruses of zoonotic origins carrying bat or mammalian RNA/DNA, such as phleboviruses may
have resulted in the development of an effective evolutionary immune response to most novel zoonotic viruses
such as SARS-CoV-2 by means of survival of the fittest possibly over many generations. This process probably ran
in parallel and concurrent with the progressive evolution of novel coronaviruses which spread from one
mammalian species to another. Other possible, but less likely mechanisms for the role of sandfly meals within a
much shorter time frame may have led to, (i) previous exposure and infection of humans with the SARS-Cov-2
virus itself, or a closely related corona virus in the previous decades, or (ii) exposure of human populations to
parts coronavirus protein namely either S or more likely N protein carried mechanically by arthropods, but
without clinical disease causing direct immunity or (iii) by causing infection with other arthropod borne viruses
which could carry bat DNA/RNA and have similar functional proteins resulting in an immediate cross-reactive
immune response rather than by natural selection. The Evidence possibly supporting or disputing this hypothesis
is reviewed, however the major problem with the hypothesis is that to date no coronavirus has ever been isolated
from arthropods. Such a hypothesis can only be supported by research investigating the possible biological
relationship of arthropods and coronaviruses where paradoxically they may be promoting immunity rather than
disease.

Introduction.

Novel Corona Virus SARS-CoV-2 has caused a global pandemic
which is probably the worst to hit the world since the Spanish Flu in
1918 and HIV [1]. Phylogenetic analysis of the SARS-Cov-2 genome
indicates that the virus is closely related (with 88% identity) to two bat-
derived SARS-like coronaviruses collected in 2018 in eastern China
(bat-SL-CoVZC45 and bat-SL-CoVZXC21) and genetically distinct from
SARS-CoV-1(with about 79% similarity) and MERS-CoV [1]. How bat
viruses actually cross species is not known for certain however Calisher
et al questioned in their review of SARS-CoV-1 and other pathogenic
viruses originating from bats speculate that ”Perhaps these emerging
bat viruses are naturally transmitted by arthropods or by other

potential vectors that have not been examined” and “Are insectivorous
bats intermediate hosts between insects and vertebrates (or plants)?”
[2]

Publicly available data for SARS-Cov-2 reported by European Union
countries to ECDC, regional data for Italy was taken from the
Dipartimento (department) di Protezione Civile website, Regional data
for France was obtained from coronavirus.fr provided by the French
health ministry was utilized.(French data was only limited to hospitals).
Regional swabbing rates for French regions were calculated on the
national average. ECDC data did not include the age groups of cases or
deaths in their downloadable data even though it appears to have been
provided by national authorities.

Fig. 1 and Table 1 show the death rates, testing rates and positive
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Fig. 1. Total Mortality rate per million from SARS-COV-2 (1st June 2020).

Table 1
Total positive cases, Total deaths, and Case fatality rate per million population. (1st June 2020).
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cases per million population and the case fatality rate (CFR) on the 1st
June 2020. In the Alpine regions of northern Italy the epidemic had a
major impact on mortality and morbidity to much higher levels when
compared to central and southern Italy[3] and other southern European
countries such as Malta, Cyprus and Greece, and the Balkan countries
up to Slovenia and Bulgaria have also have data similar to southern
Italy.[4] On the other hand alpine countries bordering with Italy had
rates comparable to Lombardy, while north western European countries
experienced even higher levels.

Fig. 2 shows the time trends of positive cases per million expressed
as the moving 7 day average for Cyprus, Greece, Croatia, and Sicily and
shows remarkable similarity in the time trend and the extent of the peak
number of cases. There was only a statistically lower difference for daily

cases per million in Greece. (p < 0.001, using unpaired t test, and
kruskall wallis) when compared to Sicily.

The geographical distribution of low prevalence appears to be re-
markably similar to the geographical distribution of phlebotomus
sandflies in Europe (Figs. 3 and 4). The sandfly species is the vector of
two diseases namely leishmaniaisis and phlebovirus infections of the
Sicilian sandfly fever virus group which are prevalent in southern
Europe. Notably sandflies feed on many animals including bats, cats,
dogs, hares, rodents, cattle besides humans [5,6].

Proposed hypothesis

The geographical distribution of the SARS-Cov-2 in southern Europe
is highly suggestive of herd immunity, or perhaps a more effective
immune response to this novel virus. These areas of low prevalence and
mortality are very similar to the distribution of Phlebotomus sandflies
in Europe and the associated arthropod-borne disease caused by phle-
boviruses of the Sicilian Sandfly fever group. A hypothesis is proposed
whereby repeated arthropod or sandfly vector infection of humans by
novel viruses of zoonotic origins carrying bat or mammalian DNA or
RNA possibly since many generations, may have resulted in the de-
velopment of an effective evolutionary immune response to most novel
zoonotic viruses such as SARS-CoV-2 by means of survival of the fittest.
This process probably ran in parallel and concurrent with the pro-
gressive evolution of novel coronaviruses which spread from one
mammalian species to another. Phylogenetic studies on RNA-dependent
RNA polymerase (RdRp) sequences, suggest that a common bat an-
cestor for CoVs infecting most mammals and humans, appeared about
7000–8000 years ago. Other possible, but less likely mechanisms for the
role of sandfly meals within a much shorter time frame may include, (i)
previous exposure and infection of humans to the SARS-Cov-2 virus
itself , or a closely related corona virus in the previous decades, (ii)

Fig. 2. Daily new positive cases per million population (7 days average) 4
Southern European countries/regions.

Fig. 3. Geographical distribution of Phlebotomus Pappatasi (European Centre for Disease control).
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exposure of human populations to parts of SARS-Cov-2 RNA or cor-
onavirus protein namely either S or more likely N protein, but without
clinical disease causing direct immunity or (iii) by causing infection
with other arthropod borne viruses which could carry bat DNA/RNA
and have similar functional proteins resulting in an immediate cross-
reactive immune response rather than by natural selection.

Discussion

Limitations of the SARS-CoV-2 incidence and prevalence data

The swabbing testing rates showed great variation and complete
data on the swabbing was unavailable for some regions. It is also un-
clear if the reported mortality data in the individual countries included
deaths in hospitals only or in the community or both, and if deaths in
the community were tested ante or post mortem for SARS-CoV-2.
Another problem with the data is that it is not age standardized, so that
mortality data is not directly comparable.

Is the epidemiological data indicative of herd immunity to SARS-
Cov-2 in southern Europe?

As reviewed by Randolph et al [7] where the infrastructure and
swabbing rates was high, one can assume that tracking and tracing, and
subsequent isolation of cases would be more effective as for example
Malta and Cyprus.

The level of preparedness, the organization of health services, and
whether demand exceeded capacity would have significant impact on
mortality. This was probably one component for the high death rates in
the Lombardy and other northern Italian regions, or bordering states
Switzerland and French regions. However all of the alpine countries
and regions had high swabbing rates indicating a high level of

organizational co-ordination. In contrast despite the fact that swabbing
rates in Greece and the Balkan countries were comparatively low, the
mortality per population and the CFR were still much lower than
northern Italy, but very similar to central and southern Italian regions.

Where elderly patients in nursing homes, living independently in
the community, and vulnerable groups such as the immunosuppressed
were effectively isolated and quarantined early, the mortality would be
kept low. There is no way to quantify this factor in the individual
countries and regions. The problems of the highly regionalized Italian
health care system were highlighted by Nardini et al.[8] Supporting
evidence is provided by the CFR which was highest in Lombardy and
neighbouring Italian regions. French data on CFR is actually higher, but
must be interpreted with caution because it does not include commu-
nity cases.

Countries with small population have the least logistical organiza-
tional problems as evidenced by the high testing rates. Adequate and
timely public health responses may partially explain the very low case
fatality rates. The similarity of data from Croatia, Sicily, Cyprus and
Greece, which have very different health care systems weighs in favour
of the argument that these areas had some form of herd immunity to-
gether with a health care system working within its capacity.

Northern Italian regions, Belgium, and north-eastern French regions
had high mortality and high case fatality rates, while Austria and
Switzerland had lower mortality rates

Within the limitations stated above, the argument for herd im-
munity in southern Europe is strongest from mortality data.
Notwithstanding this, the author acknowledges that high incidence of
disease that overwhelmed the health care system in the alpine regions
amplified the difference in outcomes.

Fig. 4. Geographical distribution of Phlebotomus Perfiliewi (European Centre for Disease control).
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Geographical distribution of phlebotomous and Sicilian sand-fly
fever. Can phlebotomus sandflies spread viral disease across
species?

An association between disease and vector is usually made after the
analysis of epidemiological data. Temporal and geographical patterns
of disease occurrence and spread are then associated with vector dis-
tributions. [9]. Many viruses may be transmitted mechanically by ar-
thropods, however it is notoriously difficult to implicate a vector by
laboratory data alone. The mechanically transmitted virus must be re-
sistant to inactivation and survive exposure on the insect's mouth parts
until it next feeds. Both DNA and RNA viruses can fulfil these condi-
tions, and there seems to be little vector specificity [9].

To date a medical literature search did not result in any study on
whether phlebotomous species can carry or spread corona virus, or else
contribute to exposing humans to corona virus RNA or any related
proteins present in humans or other mammals such as bats, cats, dogs,
sheep or cattle.

However based on the epidemiology of Leishmaniasis amongst
mammals [10], the possibility of mechanical transmission of cor-
onavirus RNA or proteins amongst different mammals is theoretically
possible. Phleboviruses of the Sicilian sandfly fever group (Table 2)
have been cultured from sandflies, but not from other mammals. Verani
et al have isolated Toscana virus from bat brains, however no other
authors have reported this finding again in the medical literature [11].

Using large genomic and ecological datasets, based on RNA from
known viruses and hosts Babayan et al predicted that the phlebovirus
Sicilian sandfly fever Naples virus, has RNA from Pteropodiformes bats
and even hooved mammals. Furthermore the bunyavirus group which
includes phleboviruses predicted RNA from a wide variety of mammals
including rodents and both Pteropodiformes and Vespertilioniformes
bats [12]. This data also confirms that the sandfly was a possible for
Flavivirus and Rhabdovirus.

No vector for the coronavirus group however was detected by this
technique [12]. This may simply be the reflection that are no studies on
coronaviruses in vectors in the database.

Sandflies in southern Europe are notorious because of transmission
of visceral and cutaneous leishmaniasis a diseases caused by a proto-
zoan [13]. However Phlebotomus sandflies are implicated in the
transmission of several zoonotic viral agents, amongst which the most
important are grouped into the Phlebovirus genus (family Bunyaviridae),
which includes the sandfly fever Sicilian and Toscana and Naples
viruses, and the Vesiculovirus genus (family Rhabdoviridae), which in-
cludes vesicular stomatitis, as well as the Chandipura and Isfahan
viruses [13]. Table 2. Shows the currently known phleboviruses in the
Mediterranean area.[14,15]. It is likely that viral transmission by the
sandflies is mechanical and not part of the lifecycle of either the vector
or the virus itself.

Specifically, viruses belonging to the Sandfly fever Naples species
were detected and isolated from P. perfiliewi, P. perniciosus, P.

Table 2
Sandfly borne phleboviruses. (Ayhan L, Charrel RN) [6,14,15]
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longicuspis, P. papataci, P. sergenti and Sergentomyia minuta. Viruses
belonging to the tentative Sandfly fever Sicilian species and Corfu
species were detected and isolated from P. ariasi, P. papatasi, P. ne-
glectus, P. perniciosus and P. longicuspis. Viruses belonging to the
Salehabad species were detected and isolated from P. perniciosus and P.
perfiliewi.[6] Furthermore studies on bat guano (excrement) reveals
that most bats are voracious insect eaters,[16]. To date, it has not been
firmly established whether viruses are acquired by bats in this way.

Lessons on herd immunity in Military history

Military history indicates that, starting with Napoleonic forces in
Egypt, Austrian troops in the Balkans, as was later shown by Alois Pict
in 1887, that sandfly fever presented considerable risk to visitors in the
Balkans while the local population was unaffected. In 1937 a small
epidemic occurred in Greece and other outbreaks were described in
German and British troops in the Mediterranean.[17] Sandfly fever
Sicilian virus (SFSV) was first isolated, characterized and named Sici-
lian virus, from the serum of a US soldier by Sabin in 1943.[17] Since
then Toscana TOSV and Naples and Sicilian-like groups have been de-
scribed.[17]. Phleboviruses were either isolated or detected in humans
by molecular techniques in France, Italy, Portugal, Greece, Albania,
Croatia, Bosnia Herzegovina, Turkey, Iran, Tunisia, Algeria and Mor-
occo in the last two decades.[15] One case of Toscana virus from Malta
was reported in the international literature.[18]

Sero-epidemiological studies showed the presence of neutralizing
antibodies against Toscana virus in several Mediterranean countries
and middle east countries [19]. However, the rates vary depending on
the region Mediterranean basin considered as endemic region of Tos-
cana virus.

Bats and viral zoonosis

In recent years, bats have been increasingly recognized as important
reservoir hosts for viruses that can cross species barriers to infect hu-
mans and other domestic and wild mammals [2]. Their role is im-
portant for hosts for alpahviruses, flavirviruses, rhabdoviruses and
arenaviruses. Besides SARS-CoV-1, Nipah virus caused a major out-
break of encephalitis in humans and in pigs [16]. While Hendravirus
caused another epidemic amongst horses [16], and Ebola led to another
epidemic amongst humans.[16]

Coronaviruses (COVs)

The CoV family (Coronaviridae) has been described as a model in
virology, because it infects more than 200 different hosts [20]. CoVs
encode membrane-associated proteins that are incorporated into vir-
ions: spike (S), envelope (E), membrane (M), and nucleoprotein (N)
[20]. Fig. 5. Shows that Alphacoronavirus and Betacoronavirus include
viruses that principally infect mammals, and are derived from the bat
gene pool. Gammacoronavirus and Deltacoronavirus group viruses that
infect birds and mammals and are derived from the avian and pig gene

pool [21].
Phylogenetic studies, as shown of Fig. 5, on RNA-dependent RNA

polymerase (RdRp) sequences, , suggested that the common bat an-
cestor, the most recent of the CoVs infecting mammals, appeared about
7000–8000 years ago, while the most recent common ancestor of avian
CoVs dates back 10,000 years [20,22]

Interspecies transmission bats cats and dogs and other mammals

According to Secondy “Host specificity is conditioned by the cell
susceptibility to the virus, given by the host cell receptors, and by the
cell permissivity that relies on the availability of cellular factors re-
quired for viral replication.” [23] Coronaviridae are the exception, as
several viruses that are detected in humans have phylogenetic and
genetic similarity to those isolated from other animal hosts [24,25]
These nonspecific properties that CoVs possess, may be due to accessory
CoV genes, which are already thought to play a role in host tropism and
adaptation to a new host. S-Glycoprotein (spike) appears to be the main
determinant for the success of initial events of infection between spe-
cies.

Canine Respiratory corona virus (CRCov) causes respiratory illness
in dogs, Feline Coronavirus FeCOV causes mild diarrhoea and a carrier
state in Cats. CRCov is widely prevalent according to serological stu-
dies.[26] in Italy (31.9%), Greece(38.5%), Spain (63.5%), and France
(72.2%). [26]

The prevalence of antibodies to FCoV in the healthy field cats was
found to vary between 14.6% in Japan to greater than 70% in
Austria,50% in Switzerland[27]. Both viruses are thought to spread via
the faeco-oral route.

While there is no evidence of spread to humans, more recent re-
search points to a common ancestor between FCoV and CRCoV. An S
protein from a yet-unknown virus was passed into the ancestor and
gave rise to CCoV, whose S protein was again recombined into FCoV I to
form FCoV II. [28]

S and N protein antibody cross reactivity is SARS-Cov-2.

A preliminary study from the United States of human sera collected
prior to the SARS-CoV-2 pandemic demonstrates overall high IgG re-
activity to common human coronaviruses and low IgG cross reactivity
to epidemic coronaviruses including SARS-CoV-2. Cross-reactivity of
conserved antigenic domains including S2 domain of spike protein and
nucleocapsid N protein was noted. The S1 domain is strain specific and
had a low antibody response. [29] This re-enforces the concept that
while part of the virus was novel, other parts like S2 and N were not.

In another study by Amanat et al on human antibody response to
SARS-Cov-2 , the majority of control subjects had strong reactivity to
the spike protein of common human coronavirus NL63 and 229E, but
showed no cross-reactivity to SARS-CoV-2 RBD and spike.[30] Cross-
reactivity by SARS-CoV Receptor binding-specific antibodies with
SARS-CoV-2 RBD protein was also noted, but not to other coronaviruses
mainly due to its ability to bind with ACE 2 receptors.[31]. No

Fig. 5. Corona virus Evolution. Is the sandfly the missing link? (Adapted from Woo et al [24]).
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serological cross-reactivity was detected between the SARS-CoV-2 and
type I or II feline infectious peritonitis virus (FIPV) while it was noted
that SARS-CoV-2 infected the cat population in Wuhan during the
outbreak.[32]

Problems with the hypothesis

There is no published research showing that coronaviruses can be
isolated from sandflies. Furthermore neither has corona virus RNA, or
spike molecules or N proteins from any coronavirus been isolated from
sandflies. No arthropod vector has been predicted to date in corona
viruses by Babayan et al, [12].

SARS-CoV-2 attaches to the ACE-2 receptor which only occurs in
two Chinese bat viruses, SARS-CoV-1 and 2 and HCoV‐NL63 in humans
which causes bronchiolitis in children. [1] SARS-Cov-2 is presumably
spread by respiratory droplets and not by blood thus excluding ar-
thropod spread. However Young et al detected SARS-CoV-2 in the blood
of one out 18 patients,[33] while Huang at el detected Viral RNA in the
serum of 6 out of 41 SARS-CoV-2 patients [34]. 2 out of 10 civets in-
oculated intranasally with SARS-CoV-1 had virus isolated from their
serum. This would make arthropod spread theoretically possible.

Exposures to infected urine and aerosols generated during defeca-
tion have been suggested as possible routes of intraspecies and inter-
species transmission of viruses from bats. [35] Alphaviruses, flavi-
viruses, and bunyaviruses, may infect bats via arthropods, but it is not
clear whether bats are important reservoir hosts for these viruses [2].

Research to test hypothesis

Case control serological studies comparing antibody titres to local
phleboviruses, in patients with SARS-Cov-2, to individuals exposed to
SARS-Cov-2 who remained asymptomatic, and healthy controls could
give an indication of cross immunity, can be performed.

Research is necessary to establish the presence of coronaviruses,
coronavirus RNA, or functional proteins S and N, within sandflies and
to extend the use molecular techniques looking for arthropod genes
within coronavirus and vice versa, and widen the search performed by
Babayan et al.[12].

Immunological techniques focusing on the human immune response
in patients from different geographical areas, in particular looking for
antibody response to S and N proteins in SARS-Cov-2, looking for cross
immunity between other species of arthropod borne viruses and cor-
onaviruses [29].

A much wider view and consequent research in novel arthropod
borne diseases particularly those arising from bats may be necessary.

Conclusion

SARS-CoV, SARS-CoV-2 are a distant relative of the group alpha and
beta coronaviruses that infect rodents, cattle, dogs, pigs, and humans.
All coronaviruses affecting mammals have evolved in the last
10,000 years and carry common bat ancestory, probably coinciding
with the start of human civilization and farming [20,22]. The sandfly is
able to inoculate large numbers of individual mammals including bats,
cats, dogs, hares causing leishmaniasis [36]. The sandfly is also able to
transmit phlebovirus effectively amongst humans and possibly to bats
[10,37]. To date sandflies have not been shown to carry corona viruses,
however repeated exposure to novel arthropod borne viruses can lead
to a more reactive immune system by natural selection.

There seems to be cross reactivity to corona virus spike or N protein
present in the different species of coronavirus which may enhance
immunity to novel corona [30,31], however cross reactivity with other
arthropod borne viruses such as bunyaviruses or other arthropod borne
viruses has not been demonstrated.

Such a hypothesis can only be supported by research investigating
the possible biological relationship of arthropods and coronaviruses

where paradoxically they may be promoting immunity rather than
disease.
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