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Abstract

Background and Aim: Results from post-birth vaccination have indicated that the theory of perinatal transmission of
HBV is largely incorrect. Current prevention guidelines on some risk factors from different agencies still contradict each
other. One reason why these problems occur is that there are no animal and epidemiological research data that have
pin pointed whether infections occur through this route rather than another. The present study compares two existing
transmission theories based on common sense that a valid theory should be able to consistently explain the phenomena
in the given field.

Methods: The present study systematically analyze high-risk populations, progress in HBV preventive practices, and
HBV infection rates between regions with high and low mosquito abundance globally.

Results: A wide range of epidemiological data and progress in HBV prevention can be consistently explained by the
theory of mosquito transmission, but not by the current transmission theory.

Conclusion: These solid and consistent data strongly suggest that HBV mainly spreads through mosquitoes and
mistakes have occurred in our understanding of HBV transmission. Further research is urgently needed.
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1. Introduction

In Northwestern Europe, North America, and Australia, the rate of HBV infection is very low during young childhood
compared to adulthood (Fig. 1A-1C).13 In contrast, in Asia, Africa, and some countries in Southern Europe/Latin
America, high or the highest rates of infection occur during young childhood before widespread vaccination or among
children without vaccination (Fig. 1D-1H)?48 Guidelines explain that HBV infections mainly occur through perinatal
transmission and infections during early childhood in high-endemicity regions.>1® Why do these infections not often
occur in Northwestern Europe, North America, and Australia, despite the similarities in pregnancy and deliveries and
the similar contact with others in childhood between the two groups of regions?

Vaccination only prevents infections that occur after the vaccination has taken effect. HBV infections among young
children have been reduced by more than 80% after post-birth vaccination in many global regions,!! and infections are
expected to continue to drop with the increase in vaccination coverage. These data indicate that more than 80% of
infections among young children occur after vaccination has taken effect. In other words, the theory of perinatal
transmission is largely incorrect.
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The guideline from WHO states that, HBV is spread predominantly by percutaneous or mucosal exposure to infected
blood, saliva, and other body fluids.%12 However, the guideline from US CDC announce that HBV transmission cannot
occur through kissing, sneezing, or coughing.13 Clearly, kissing exposes others’ percutaneous or oral mucosa to saliva,
while sneezing and coughing spurt out countless saliva and other fluid particles into the air, exposing others’
percutaneous or respiratory tract mucosa.

One reason why the above problems occur with the prevention guidelines is that there is no animal and epidemiological
research data that have pin pointed whether infections occur through this route rather than another. What should we
do about this kind of problem? A valid theory should be able to consistently explain the phenomena in the given field.
Therefore, the present study tests two existing transmission theories with a wide range of global data.
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Figure 1 A) Incidence of acute hepatitis B, United States, 1990-2006. Source.! B) Acute HBV infection, Italy. Source.2 C)
Acute hepatitis B notification rates, Australia. Source.3 D) Age specific HBsAg prevalence, China, 1992-2020. Source.*
E) Notification rates for acute hepatitis B, Turkey, 1997-2012. Source.> F) Proportion of susceptible, Nigeria. Only
7.9% participants showed serologic evidence receiving vaccination. Source.® G) Prevalence of HBV carriers in different
age group, 1990-1991, Iran. Source.” H) Seroprevalence of hepatitis B in different age groups in countries of Latin
America, 1996-1997. Source.8
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2. Methods

2.1. Research strategy

The present study compares the current transmission theory and the theory of mosquito transmission to see if they can
consistently explain a wide range of epidemiological data.

The present study systematically analyzes high-risk populations based on lists stated in clinical guidelines,®11.13-15 HBV
infection rates between regions with high and low mosquito abundance based on a map of the global distribution of A.
aegypti mosquitoes (Fig. 2A), and the progress in HBV prevention by examining published systematic review or meta-
analysis studies.

3. Analysis

3.1 Geographic distribution of mosquitoes and HBV infection

The global distribution of A. aegypti mosquitoes (Fig. 2A)¢ is generally similar to that of HBV infections (Fig. 2B).11 In
the following, we compare the rates of HBV infection between regions with a high prevalence of A. aegypti mosquitoes
and their neighboring regions with a low prevalence of the mosquitoes based on the map shown in Fig. 2A.

In Argentina, the abundance of mosquitoes is higher in the northern boundary region (Fig. 2A). Consistently, the risk of
HBV infection was highest in the Northwest, followed by the Northeast.l” The Andes separate the South American
continent, with much higher rates of mosquitoes in the east than in the west (Fig. 2A). Consistently, Brazil and Paraguay
have higher rates of HBV infections than narrow coast Chile (Fig. 2B). In Bolivia, mosquitoes are higher in its eastern
region (Fig. 2A), where the prevalence of HBV seropositivity is 59.7%, several to more than 10 times higher compared
to other regions (Fig. 2C).18 In Peru, the abundance of mosquitoes is higher in east and central regions (Fig. 2A).
Consistently, HBV infections are higher in these regions compared to the west coast (Fig. 2D).1° We have not found HBV
data from Ecuador, a country with a similar mosquito distribution as Peru.

Exceptionally, in the northern end of South America bordering the Caribbean Sea, although the abundance of
mosquitoes is similarly high as in neighboring regions (Fig. 2A), the rate of HBV infections is low (Fig. 2B). Another map
provides an explanation - while this region has a similar prevalence of A. aegypti mosquitoes as neighboring regions
from July to November, it has a much lower prevalence of the mosquitoes from December to May.20

In Mexico and the United States, there is a high prevalence of mosquitoes along the coasts and in the Southeast,
respectively (Fig. 2A). Consistently, HBV infections are generally higher along the coasts in Mexico (Fig. 2E),2! and in the
Southeast in the United States (Fig. 2F).22

In Africa, red lines separate areas with high and low prevalence of mosquitoes (Fig. 2A). In North Africa, the prevalence
of HBV south of the red line is much higher than on the north side (Fig. 2B). In Southern Africa, the red line crosses the
northern boundary region of Namibia and the northeast of South Africa (Fig. 2A). Consistently, HBV prevalence is
highest in the northern region of Namibia (Fig. 2G),23 and the northeast region of South Africa.24

In Australia, A. aegypti mosquitoes are most prevalent in the northern region (Fig. 2A), where HBV infections are also
most common (Fig. 2H).25 In China, mosquitoes are most abundant on the southeast coast (Fig. 2A), where chronic HBV
infections were highest (Fig. 21).2¢

The prevalence of mosquitoes in India dramatically decreases in the North due to the Himalayas (Fig. 2A). In Pakistan,
the highest HBV prevalence occurs in a region of the southwestern province (Fig. 2]).27 As marked by the red arrow in
Fig. 24, this region has a high abundance of mosquitoes. However, why does the highest rate of HBV infections in
Pakistan not occur in the northern region where A. aegypti mosquitoes are most abundant (Fig. 2A)? This issue will be
discussed in the following sections.
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Figure 2 A) Predicted distribution of A. aegypti mosquitoes. Source.1¢ B) All-age HBsAg seroprevalence, 2019.
Source.!! C) Prevalence of HBV seropositivity, Bolivia. Source.18 D) Prevalence of HBsAg, Peru. Source.! E)
Accumulated HBV incidence, Mexico, 1995-2021. Source.?! F) Rates of reported acute hepatitis B, United States, 2018.
Source.?2 G) HBV infection rate, Namibia. Source.z3 H) Chronic hepatitis B prevalence, Australia, 2022. Source.?5 I)
Chronic HBV infection, China, 2010. Source.?¢ |) Prevelence of hepatitis B, Pakistan. Source.?”

3.2 Infections among children in different regions

One of the biggest puzzling observations is why rates of HBV infections are highest in Africa and Asia but low in
Northwestern Europe, North America, and Australia. The current theory of perinatal transmission is often used as an
explanation, but has been proven largely incorrect due to results from post-birth vaccination.

Mosquitoes are active at night. If mosquitoes transmit HBV, the disease should easily spread among people sleeping in
the same room. This is because sleeping in a room allows mosquitoes to bite two people within a short interval (e.g.
minutes). The fresh blood left on a mosquito’s mouthparts from one person will be immediately transferred to the
bloodstream of another person during subsequent bites. In Asia, Africa, and some countries in Southern Europe/Latin
America, it is common for infants and children to share a bed with their parents.2829 However, this practice is much less
common in Northwestern Europe, North America, and Australia. 2829 This helps explain why HBV infection rates are
high or highest among children in Easter countries but low among children in developed Western countries (Fig. 1).
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A common characteristic of mosquito-borne diseases is that high rates of infection occur among children in Africa and
Asia but are low among children in Western developed countries. For example, in a US national survey, among 1,132
people infected with West Nile virus, children aged 1 to 17 years accounted for only 2%.3° In contrast, in Nigeria and
India, the infection rates of West Nile among children aged 1 to 17 were 22.9% and 33%, respectively.31.32

Within the United States, bed-sharing also varies between different ethnic populations, with much less among white
populations (Fig. 3A).33 Consistently, HBV infections among white children are much lower compared to black children
before widespread vaccination (Fig. 3B).34
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Figure 3 A) Trends in Usual Bed-Sharing (3-year moving average), United States. Source.33 B) Rate of acute hepatitis B
(=19 years), United States, 1990-2002. Source.3*

3.3 High-risk populations

According to the guidelines,?11.13-15 the following populations are at high risk of infection: 1) People with other diseases
(e.g. HIV, renal diseases, chronic liver diseases, etc.); 2) Health care and public safety workers who are exposed to blood;
3) Travelers to countries endemic with HBV; 4) People who inject drugs or share syringes. 5) Persons born in regions
of high or intermediate HBV endemicity; 6) All pregnant women; 7) Homeless individuals; 8) People who have been in
prisons and other closed settings; 9) Infants born to HBsAg-positive mothers; 10) Sex partners of people who have
hepatitis B; 11) People who live with someone who has hepatitis B; 12) Sex workers; 13) Men who have sex with men.

The first 4 populations involve a different story. Therefore, we examine how the theory of mosquito transmission
explains high infections among the remaining 9 populations.

Population 5: These regions are either prevalent with mosquitoes and/or popular for bed-sharing between children and
parents. Population 6: It is well known that mosquitoes like to bite pregnant women.3> Population 7: Homeless people
are more often exposed to mosquitoes. Population 8: Sleeping in crowded spaces allows mosquitoes to easily bite two
people within a short interval.

Population 9: Infants are at risk of HBV transmission due to bed-sharing with mothers, which occurs more or less in
different regions. Explanations for Population 10, 11, and 12: sleeping in the same room exposes to risk of disease
transmission between sexual partners and familiar members by mosquitoes.

The characteristics of mosquito biting help explain high infections among MSM (Population 13): 1) Men are more likely
than women to attract mosquitoes.3¢ Two men staying together are more attractive to mosquitoes than a man and a
woman together, followed by two women together. 2) When two people sleep in a room, mosquitoes usually bite the
more attractive one. If a bite is interrupted, they either come back to bite or fly away, but are less likely to bite the other
one. However, if two people have similar attractiveness, the insect is likely to bite either one after an interrupted bite,
potentially leading to disease transmission. Two men are more likely to have similar attractiveness to mosquitoes than
a man and a woman.

Therefore, infection rates of HBV are much higher among men than women.?2 In fact, this is another characteristic of
mosquito-borne diseases. For example, in a US national survey on West Nile and other mosquito-borne diseases, rates

of infections are much higher in men than in women.3°

Fishing communities are also consistently reported to be a high-risk population,3” but are neglected in guidelines.
Fishing men live in humid environments where mosquitoes are abundant, thus exposing them to risk.
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3.4 Rapid decline in HBV prevalence after 2000

Fig. 4A-4D display global vaccine three-dose coverage,3® birth dose coverage,38HBsAg prevalence of all ages,!! and
HBsAg prevalence in children (< 5 years),!! respectively.

Although the coverage of HBV vaccination increased rapidly in the 1990s, HBV prevalence remained relatively stable
from 1990 to 2000 (Fig. 4C & 4D). However, HBV prevalence, both total and in young children, suddenly started to
decline rapidly after 2000 (Fig. 4C & 4D).
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Figure 4 A) Three-dose vaccine coverage, from 2000 to 2015. Source.38 B) HBV vaccine birth dose coverage, from
2000 to 2015. Source.?8 C) Global HBsAg prevalence for all ages, from 1990 to 2019. Source.!! D) Global HBsAg
prevalence in children (<5 years), from 1990 to 2019. Source.!! E) Pooled estimates of HBsAg seroprevalence by two-
year study intervals, China. Source.*! F) Trends in per capita housing area, China, from 1980 to 2020. Source.*? G)
Reported incidence of hepatitis B, 2005-2010, China. Source.*3

As of 2000, half of the countries in the world were endemic with malaria. Unprecedented efforts to prevent malaria
were launched in endemic regions after 2000.3° For example, in sub-Saharan Africa, more than half of the population
slept under insecticide-treated mosquito nets in 2015, compared to only 2% in 2000.4° Children are prioritized in the
distribution of mosquito nets because they accounted for 90% of deaths due to malaria.3? These facts help explain why
HBV infections suddenly started to decline after 2000, and why the decline among children was so striking.
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Let's provide a separate analysis for China, as it has 20% of the global population, and its progress is unique. A meta-
analysis study reported that HBV infections (all ages) started to decrease rapidly since 1980, 10 years earlier than
widespread vaccination (Fig. 4E).*! The seroprevalence of HBsAg in all age groups had reduced by nearly 80% by 2020
(Fig. 4E), three times larger compared to the global average (Fig. 4C).

In the 1960s and 1970s, sharing sleeping rooms in China was common due to high poverty. As one Chinese proverb
said: “One room with half being the bed, three generations are crowded there”. This situation has been changing quickly
since opening up to the outside world in the late 1970s. The per capita housing area has increased rapidly after 1980
(Fig. 4F).42 This means that the number of people sharing a room for sleeping is rapidly decreasing. This helps explain
the rapid decrease in HBV infection 10 years earlier before widespread vaccination.

To explore why the decline in HBV infections is much larger on the southeast coasts, we compare the national survey
data on chronic infection (Fig. 2I) with the data on national reported cases (Fig. 4G).43 There are several types of data:
chronic infection, HBsAg, acute infection, or reported cases. Chronic infection is more related to infections decades
before because these infections occurred over many decades leading up to the time of the survey and infections
occurring in childhood easily become chronic infections. On the other hand, “reported cases” represent the current
infection rate during the time of the survey.

Comparing Fig. 21 and Fig. 4G shows that, the southeast coasts experienced the largest decrease in HBV infections, going
from the highest prevalence of infection to common levels. Why did this occur? China first opened up to the outside
world in the southern coastal region in the late 1970s, followed by the southeastern and northeastern coastal regions
in the following 10 to 20 years. Economic reform in western regions started after 2000. This chronological order
corresponds to the timing and scale of economic growth and housing improvements in the relevant regions.

3.5 How does the current theory explain?

Obviously, it is difficult to use the current theory to explain the much higher rates of HBV infections that occur in regions
with a high abundance of mosquitoes compared to regions with a low abundance of mosquitoes and among children in
Eastern populations compared to children in Western populations, as well as the rapid decline in rates of HBV infection
that suddenly started after 2000. Here, we examine whether the current theory can explain high risk populations.

Let’s test with data from a specific country. According to the 2023 US national surveillance report on acute hepatitis B,
injection drug use and having multiple sexual partners are the two most important identified risk factors, accounting
for 32% and 18% of cases, respectively.** However, the rate of illicit drug use is usually higher in the West (Fig. 5A),%5
while the rate of having multiple sexual partners is generally similar nationwide (Fig. 5B).4¢ These contradict the fact
that HBV infections in the Southeast are several to 10 times higher than in other regions (Fig. 2F).

Figure 5 A) The percentage of illicit drug use among people aged 12 or older in the United States in 2021. Source.*> B)
The average number of sexual partners by state in the United States. Source.*®

Blacks have significantly lower rates of illicit drug use,*” and black women have a significantly higher rate of condom
use in preventing sexual diseases compared to white women.*8 Why do black people have several times higher rates of

HBV infections compared to white people?4°

Why are prisoners, who live in a strictly controlled environment and are less likely to come into contact with drug and
sex risk factors, at a high risk of HBV infection?

According to US national surveillance, approximately 89% of infections have no identified risk.#* Investigations typically
adhere to guidelines, such as examining whether consume drugs, whether have sex with a positive partner, etc. If the
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partner is HBV positive, the risk factor is assumed to be sex. This practice greatly overestimates risk factors as asserted
by guidelines. Despite that, the risk factor cannot be identified for 89% of infections. Why?

According to the 2023 US national survey data, among cases with identified risk factors, 17.1% of transmissions occur
due to surgery, transfusion, and dialysis.#* This is very surprising. How is it possible that, in the United States, one of the
most advanced countries, 17.1% of HBV infections with identified risk factors are from medical accidents?

Therefore, based on the current transmission theory, there are many contradictions and questions. However, the theory
of mosquito transmission can consistently explain the data in the United States without contradictions. The much higher
prevalence of mosquitoes in the Southeast explains the highest infections in the region. The reason why risk factors
cannot be identified in most infections (89%) is that mosquitoes, the key risk factor, are not included in investigations.
Mosquitoes prefer to bite men more than women, explaining why men have higher rates of HBV infections. The
explanation for why the rates of infection in the United States increases rapidly after entering adulthood is that people
begin to share a bed or sleeping room with sexual partners, which exposes them to the risk of disease transmission by
mosquitoes. The more partners one has, the higher the risk of contracting HBV. Black people are more likely to share a
bed and have a higher rate of homelessness (another risk factor), which helps to explain the higher rate of HBV
infections among them. Explanations for prisoners, pregnant women and other populations in the United States are
similar to the explanations above.

During 2008-2019, there were 24 healthcare-associated hepatitis B outbreaks in the United States.5° These outbreaks
occurred in the states of PA, CA, VA, NC, TX, FL, IL, WV, SC, and NJ.50 After investigation, the proposed risk factors include:
blood glucose monitoring, personal hygiene, and unsafe clinical practices, among others.50 Clearly, A. aegypti
mosquitoes are prevalent in these states (Fig. 2A). Why have all 24 of these outbreaks not occurred in other states? Our
explanation is simple: mosquitoes.

3.6 Research on mosquito transmission

There are a limited number of studies reported on the vector transmission of HBV. The existing data have shown
conflicting results.

Khaleel conducted a mini-review and suggested that more research needs to be done due to conflicting results.5! When
T. belangeri mosquitoes were fed blood infected with HBV and then allowed to bite monkeys, some monkeys became
infected. However, inoculation of susceptible chimpanzees with macerated pools of mosquitoes after digestion of blood
meal did not produce hepatitis or serologic evidence of infection.

HBV cannot enter mosquito salivary glands, and therefore cannot be transmitted through a biological mechanism. HBV
can only be detected in mosquitoes for a limited period, and the viability and infectivity of the virus in the mosquitoes’
mouthparts or digestive ducts should be lost even sooner due to the presence of many digestive enzymes. Therefore, a
limiting factor for the mechanical transmission of HBV on mosquitoes’ mouthparts is the interval period between two
mosquito bites. The sooner the higher infectivity of the transferred virus. If a mosquito’s feeding is interrupted, it can
quickly move to feed on others in the same room within minutes. The fresh blood on its mouthparts is mechanically
transferred almost immediately into the bloodstream of other people in the room. No literature has addressed this issue.

Therefore, animal research exploring the mechanical transmission of HBV should mimic a scenario where mosquitoes
bite two people within minutes. Moreover, research should try different types of mosquitoes because each type of
mosquito may be capable of transmitting specific pathogens. Existing problems in research may be the reason why
results are conflicting.

Rukunuzzaman et al. reported that children who consistently use mosquito nets have a lower prevalence of HBV
infection.52 Children from the jungle zone (more prevalent with mosquitoes) had infection rates of HBV several times
higher compared to other regions.>3 Papaevangelou et al. also reported that mosquitoes may transmit HBV.54

Hawkes et al. compared HBV prevalence between four regions in New Guinea.55 The Sepik River region has the highest
prevalence of mosquitoes among the four regions, and also the highest prevalence of HBV. This data supports the theory
of mosquito transmission. Contradictingly, the Foothills region has the lowest prevalence of mosquitoes among the four
regions, yet the second highest prevalence of HBV. Therefore, the authors suggested that mosquitoes do not transmit
HBV. Unfortunately, they ignored a fact: many people do not use mosquito nets when there are a small number of
mosquitoes. They should examine this issue in the Foothills region.
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A group of authors in India hypothesized that, if mosquitoes transmit HBV, the incidences of malaria and acute HBV
infection should show a linkage.5¢ They found that malaria was a seasonal disease but no distinct peak for acute hepatitis
B was observed. Therefore, they suggested that mosquitoes do not transmit HBV. However, the authors neglected a fact:
symptoms for acute hepatitis B usually appear within a range of 60-150 days after infection,5” whereas malaria
symptoms typically start within 10-15 days after infection.58

4 Discussion

One may argue that animal research on mosquito transmission of HBV is conflicting, therefore the mosquito
transmission mode cannot be confirmed. However, is there any animal research data reporting that HBV is transmitted
through sex or other modes asserted in the current guidelines? No, according to the best of our knowledge.

A valid theory should be able to explain the phenomena in a given field. As discussed above, a wide range of data can be
consistently explained by the theory of mosquito transmission, but not by the current theory. Moreover, there is no
animal research data supporting the current theory. How can we be sure that HBV is transmitted through the current
theory, but not mosquitoes?

Finally, let’s explain another important observation - why Central Asia, Mongolia, some Middle Eastern countries, and
some Eastern European countries have a quite high rate of HBV infections (Fig. 2B), despite the low abundance of
mosquitoes in these regions (Fig. 2A). In these regions, sleeping in a yurt, a tent-like home, is an old tradition.>® This
practice has been transitioning to living in houses more or less due to economic and other factors. Sleeping in a yurt is
akin to sleeping in a room. This sleeping practice helps explain the high rates of HBV infection in these regions. Sleeping
in a yurt is much more common in the southwestern province of Pakistan than in other provinces. Sleeping in a yurt and
the high abundance of mosquitoes in the region work together to explain the highest HBV infections at sites as shown
in Fig. 2].

It may be easy to control HBV, just by controlling mosquito bites. As shown above, all global data consistently support
this point. Mistakes in our understanding of HBV transmission may have occurred.

To test the theory of mosquito transmission, the present study suggests two simple experiments for global researchers:
1) comparing HBV transmission rates among children who sleep in the same room as their parents, versus those who
sleep alone; and 2) comparing HBV prevalence between people who consistently use mosquito nets and those who do
not.

5 Conclusion

The present study demonstrates that HBV mainly spreads through mosquitoes and calls for urgent research into this
issue.
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