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ABSTRACT

Whether pathogens in the ingested blood meal can enter the salivary glands of mosquitoes is a
decisive factor in disease transmission. Unlike the known mosquito-borne pathogens (e.g. ZIKA,
dengue, etc.), most human pathogens cannot enter the salivary glands of mosquitoes, and their
survival time inside mosquito is usually short. Studies have reported that some mosquito species
infected with certain mosquito-borne pathogens developed lesions in organs (e.g. holes in the
midgut). Therefore, some of the pathogens which cannot enter the salivary glands of mosquitoes
on their own (PWCESGMTO) may quickly enter using the existing lesions in the organs. This highly
plausible issue has been neglected in research, and may involve the transmission of many
infectious diseases. Since PWCESGMTOes can usually survive inside mosquitoes for only short
period, successful transmission occurs only if mosquitoes bite a non-infected person before the
ingested pathogens die. Therefore, the infected people should usually be in close proximity. The
present paper discusses the neglected issue and the puzzling correlation between mosquitoes and
three example diseases, and calls for urgent research into the issue.
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1. INTRODUCTION

Mosquitoes can carry viruses, bacteria, and
parasites in their saliva, and can transmit the
pathogens between humans through their saliva
with subsequent bites. For this mode of
transmission (known as biological transmission),
the pathogens in an ingested blood meal must
enter the salivary glands of mosquitoes. Only a
small portion of pathogens can infect cells of
mosquitoes and enter the salivary glands, such
as, the mosquito-borne pathogen Zika, dengue,
chikungunya, etc. Studies have shown that some
mosquitoes infected with certain mosquito-borne
pathogens developed lesions (e.g., holes) in the
midgut. Therefore, for pathogens which cannot
enter the salivary glands of mosquitoes on their
own (PWCESGMTO), some may use these
lesions in mosquito’s organs as portals to enter
the salivary glands. In the present paper, we
discuss this neglected issue and the
puzzling correlation between mosquitoes and
three example diseases, and calls for further
research into the issue.

2. INFECTIOUS DISEASES AMONG GAY
AND BISEXUAL MEN

Gay and bisexual men have disproportionately
high prevalence of HIV, syphilis, mpox (the new
name for monkeypox), and some other infectious
diseases. For example, they accounted for 89%
of Mpox cases with sexual orientation reported
outside sub-Sahara Africa (SSA) in 2022 [1],
66% of new HIV infections in the United States in
2019 [2], 70-84% of HIV cases in Australia and
New Zealand between 1986 and 1994 [3], 83%
of primary and secondary syphilis cases in the
United States in 2014 [4], and 58% of total
syphilis cases in Western and Central European
countries [5]. These data suggest three
possibilities: they have immune problems, they
have unique behaviors that increase the risk, or
they possess a distinctive factor that attracts
certain insect vectors to transmit the diseases.

To date, no data have demonstrated the first
possibility. Sexual contact between gay and
bisexual men is recognized as a high risk factor
(the second possibility). However, the question is
that, the basic epidemiological characteristics of
the three diseases are difficult to explain. For
example, why do women and heterosexual men
in SSA also have a striking prevalence of the
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three diseases, and why is the incidence of the
three diseases several to more than ten times
higher in the warm south of the United States
than in the north [6-8].

Currently, mosquitoes and other insect vectors
are not considered to be risk factors for these
diseases (the third possibility). No data have
shown that the three pathogens can enter the
salivary glands of mosquitoes. However, as
shown below, the mosquito transmission theory
can easily explain the characteristics of the three
diseases.

3. GEOGRAPHIC FACTORS

The United States is an ideal location to study
infectious diseases, because of its large land
area, large population, and large amount of
research data. Figs. la-1c show that the
prevalence of HIV, syphilis, and Mpox in states
that border oceans or the Great Lakes was
consistently several to more than ten times
higher than that in the non-coastal regions
(Central, Midwestern, and some Northern states)
[6-8].

SSA accounts for 70% of global new HIV
infections [9]. The prevalence of syphilis in SSA
is almost 10 times higher than that in the rest of
the world [10]. Mpox has been endemic to
Western Africa for decades, with previous
outbreaks rarely occurring outside Africa.

Above observations in the United States and
SSA strongly suggest that certain geographic
factors may play critical roles in the transmission
of the three diseases.

4. WARM WEATHER

In the United States, HIV, mpox and syphilis
prevalence was much higher in the warm south
than in the north (Figs. la—1c). Correlating with
the disproportionately high prevalence of HIV
and syphilis in SSA, the weather in most parts of
SSA is warm throughout the year.

In regions that have both warm and cold seasons
over the year, syphilis is a seasonal disease, with
an incidence peaking in summer and early fall
[11]. To date, three mpox outbreaks involving a
group of cases outside Africa have all occurred
during warm season.
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Fig. 1. (a) Rates of diagnoses of HIV infection among adults and adolescents per 100,000 population, United States, 2018. Source: CDC[6].
(b) Rate of primary and secondary syphilis per 100,000 population, United States, 2011. Source: U.S. Department of Health and Human Services, et
al.[7]. (c) Mpox cases per 100,000 persons in the population at increased risk of mpox virus exposure, United States. Data as of October 21, 2022.
Source: CDC[8]. (d) Global trend: epidemic curve shown for 2022 mpox outbreak. Source: WHO [14]. (e) Estimated range of Aedes aegypti in the
United States, 2017. Source: CDC [15]. (f) Estimated range of Aedes Albopictus in the United States, 2017. Source: CDC [15]
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The first outbreak of 71 cases was reported in
the United States between May 15 and June 20,
2003 [12]. The second outbreak with several
cases occurred in the United Kingdom in
September 2018 [13]. The third was the 2022
outbreak, which ravaged Europe and America in
the summer of 2022 (Fig. 1d) [14].

5. CORRELATION BETWEEN DATA OF
MOSQUITOES AND THE DISEASES

In the United States, the estimated incidence of
mosquito Aedes aegypti (Fig. 1e) and Aedes
Albopictus (Fig. 1f) in regions that border oceans
or the Great Lakes were consistently much
higher than in non-coastal regions, in the warm
south than in the north [15]. These data
correlated the distribution of the three diseases in
the United States (Figs. 1la—c). In 2020, 95% of
global cases of malaria, a mosquito-transmitted
disease, occurred in SSA, indicating that
mosquitoes in SSA is very abundant and special.
These data were consistent with the
observations that women and heterosexual men
in SSA also have a high prevalence of the three
diseases, in contrast to the much lower rate
outside SSA.

Mosquitoes are abundant in warm conditions.
For example, the abundance of many mosquito
species in Canada peaked in July, followed by
August, September, and June [16]. These
observations were correlated with the data that
all the three mpox outbreaks outside Africa
occurred in the warm season, and global syphilis
infections peak in summer and early fall, and the
prevalence of the three diseases are much
higher in warmer than in colder regions.

The mosquito transmission theory can not only
explain the geographic distribution of the
diseases and their seasonal changes, but also
epidemiological characteristics in other aspects.
For example, homeless people are more likely to
be exposed to mosquitoes. This fact is consistent
with the observation that HIV and syphilis
prevalence in homeless people is much higher
than in the general population [17,18]. In SSA,
girls need to stay home to take care of infected
family members, and therefore, are exposed to
the abundant mosquitoes to transmit HIV from
the infected patients. This observation correlates
with the striking data that girls in SSA have a
much higher prevalence of HIV than boys.

6. NEGLECTED RESEARCH

For the biological transmission of diseases by
mosquitoes, the pathogens must be able to infect
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the cells of mosquitoes, overcome multiple
barriers (e.g. the midgut infection barrier, midgut
escape barrier, salivary gland infection barrier,
and salivary gland escape barrier) to enter the
salivary glands, and avoid destruction by
mosquito’s immune system [19,20]. Unlike the
mosquito-borne pathogens, the majority of
pathogens that can infect humans do not have
these abilities, and their survival time in
mosquitoes is usually short (e.g., HIV, 48 hours).

Studies found that some mosquitoes infected
with certain mosquito-borne pathogens in certain
stages developed various lesions in midguts,
such as holes in the midgut, loss of the brush
border of the midgut, and detachment of cells
from the epithelium [21-24]. Lesions may
similarly occur in other organs. Studies has
shown that apoptosis and other cytopathologic
changes occurred more frequently in the salivary
glands of mosquitoes infected with some
mosquito-borne  pathogens compared with
uninfected controls [25,26]. According to
common sense, a liquid can rapidly penetrate
small holes and fissures. Therefore, some
PWCESGMTOs in the ingested blood meal may
use these lesions in organs to quickly diffuse into
the salivary glands. Unfortunately, this issue has
been neglected in research.

Studies reported that some mosquito-borne
pathogens caused puncture holes in mosquito’
midgut, and enhanced dissemination of other
mosquito-borne pathogens through the puncture
holes [27]. Therefore, some PWCESGMTOSs in
the ingested blood meal may pass through the
holes in a similar manner. A recent study
reported that microfilariae enhanced the
transmission of other mosquito-borne pathogens
by adhering to or otherwise associating with
microfilariae [28]. This observation provides
another potential means by which some
PWCESGMTOs can enter the salivary glands.

For ingested pathogens that survive inside
mosquitoes for only short periods, successful
transmission occurs only if mosquitoes bite a
non-infected person before the pathogen dies.
Therefore, proximity between an infected and a
non-infected person is important. The shorter the
proximity (e.g., sleeping on a bed, or living in a
house), the easier is the transmission. Therefore,
people infected with this kinds of pathogens
transmitted by mosquitoes should usually be in
close contact.

People infected with HIV, mpox, or syphilis are
usually in close contact. In contrast, people
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infected with the known mosquito-borne diseases
(e.g., malaria, ZIKA, or dengue, etc.) are
anybody, regardless whether they are in close
contact. This difference is often claimed as a
reason for mosquitoes not being a risk factor for
HIV, mpox, syphilis, or some other diseases.
However, the mosquito-borne pathogens can
infect the mosquitoes and survive inside
mosquitoes for a longer period. Therefore, the
infected mosquitoes can bite a person at any
time to cause a transmission. In other words, the
infected individuals are anybody, no matter near
or far. Therefore, mosquitoes may transmit two
types of diseases, one between people in close
proximity, and the other between people
regardless the proximity.

Mosquitoes often prefer to bite some people over
others. Studies have reported that men are more
likely to be attacked by mosquitoes than women,
and mosquitoes prefer to bite certain people
because of their body odor [29,30]. No study has
been conducted on gay or bisexual men in this
context.

7. PREVENTION PRACTICES

The result of the practice is a direct test of a
theory. lIsolation of infected individuals is an
effective method for controlling mpoxes. This
supports the close contact theory. However, this
result also supports the mosquito transmission
theory on diseases which spread between
people in close proximity.

Progress in HIV prevention among adults has
been limited. Historical success was surprisingly
achieved in Uganda in the 1990s. Controversy
remains regarding how success was achieved.
Initial advice from the Uganda government was
“faithfulness to one partner” [31]. This
observation supported the sexual contact theory.
However, the observation also supports the
mosquito transmission theory; because people
with fewer sexual partners mean less sleeping
with others on a bed and less exposure to
mosquitoes to transmit HIV from infected
partners. After the incidence reduction, condom
use was later implemented [31]. If condom use
contributed to the further reduction in HIV
infections, the result would support the sexual
contact theory but not the mosquito transmission
theory.

8. DISCUSSION

Mosquito is not recognized as a vector for HIV,
mpox, syphilis, and many other diseases, largely
because, these pathogens cannot enter the
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salivary glands, and their survival time inside
mosquitoes is short. The present paper showed
a close correlation between a broad range of the
three diseases data and mosquitoes. Moreover,
an important relevant scenario has been
neglected in the research: there are existing
lesions in organs of mosquitoes sometime due to
pathological factors. These suggest that further
research is still required to determine whether
mosquitoes are a vector for HIV, mpox, syphilis,
and some other diseases.

Since a liquid can rapidly penetrate small holes
and fissures, and that, some mosquito-borne
pathogens do use the existing holes in organs of
mosquitoes to enhance their dissemination, it is
plausible to hypothesize that, some of
PWCESGMTOs in the ingested blood meal may
use the existing lesions in organs of mosquitoes
to enter the salivary glands. If so, mosquitoes
may transmit many more diseases than
previously recognized. A mistake in this issue
could be fatal, and focused research is urgently
needed to examine this issue. Here, | propose
two experiments for global researchers. Since
studies found that some mosquitoes infected with
certain mosquito-borne pathogens developed
lesions in organs, | propose allowing these
mosquito species infected with the respective
pathogens to be fed on blood containing
PWCESGMIOs, and examine whether certain
PWCESGMIOs appear in the salivary glands.

The second proposed experiment examines
whether gay and bisexual men attract more
certain species of mosquitoes than women and
heterosexual men.

It is often stated that no evidence indicates that
mosquito is a risk factor for HIV, mpox, or some
other diseases. However, what evidence
indicates that close or sexual contact is a risk
factor for the diseases? Let’s discuss mpox as an
example. Although the data that people infected
with mpox are usually in close contact is claimed
as the evidence supporting close or sexual
contact being the risk factor, the problem is, this
kind of data also supports mosquito is a risk
factor. Importantly, epidemiological data for mpox
is consistent with the mosquito transmission
theory, and the close/sexual contact theory is
difficult to explain why geographic distribution of
mosquitoes overlaps that of mpox, and why the
risk of close/sexual contact is much lower in cold
season than in warm season, among women and
heterosexual men than among gay and bisexual
men. In 2022 outbreak, the prevalence of mpox
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in US coastal regions with high prevalence of
mosquitoes was consistently several to more
than 10 times higher than in non-coastal regions
(Fig. 1c). Consistent with the observation in the
United States, all of the global top 10 infected
regions in 2022 outbreak (the United States, the
United Kingdom, Spain, France, Brazil, Germany,
Peru, Canada, Mexico, and Colombia) [1] have a
long boundary line surrounding oceans. Based
on the close/sexual contact theory, spring and
summer gatherings were claimed to be the
reason for the rapid increase in mpox cases
[32,33]. However, autumn is also a season for
gatherings. Along with decreasing temperature
from August to November during 2022, the daily
cases of mpox decreased rapidly in countries in
Europe and North America [34]. In contrast,
during the same period in countries in warm
Central/South America and Africa, the other
three most infected regions in 2022 outbreaks,
the daily cases did not decrease, or decreased
much slower than in Europe and North America
[34].

9. CONCLUSION

Some PWCESGMTOs may enter the salivary
glands of mosquitoes using the existing lesions
in organs, or via other means, and this potential
mechanism may involve many infectious
diseases. Mosquitoes may transmit two types of
diseases, one between people in close contact,
and the other between people regardless the
proximity. Gay and bisexual men may possess
certain distinctive factors (e.g. body odor) that
attract some species of mosquitoes. Further
research is warranted.
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