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disease control and prevention
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Abstract

Humans need to obtain nutrients from foods for survival and health. Culture and belief play important roles in food
selection and intake. Throughout human history, dietary factor has been one of the important factors inducing and
causing outbreaks of infectious diseases. If unhealthy eating behavior, like eating raw/undercooked food or meat
and products from wild animals, are not abandoned, foodborne infectious diseases will remain an important risk
factor of outbreaks and epidemics. The misconception of dietary culture is one of the important factors that
triggers unhealthy eating behavior. Therefore, it is vital to change people’s conceptions and knowledge about what
is healthy to eat, in order to completely eliminate unhealthy eating behavior and prevent the recurrence of
foodborne infectious diseases. Meanwhile, many factors such as family, society, region, and religion should be
involved in.
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Background
Infectious diseases threaten the health of human beings
and bring a serious burden of disease as well [1]. Poten-
tial pathogens causing infectious diseases are various, in-
cluding prion, bacteria, viruses, fungi, rickettsia,
spirochete, and parasites [2, 3]. It is estimated that 17
million people die worldwide each year from infectious
diseases [4]. Collectively, AIDS, tuberculosis, malaria,
hepatitis, and neglected tropical diseases accounted for
an estimated 4.3 million deaths in 2016 [5]. Certainly,
the emergence and transmission of infections is usually
linked with a number of factors [6], such as age [7], gen-
der [8], occupation [9], education level [10], personal be-
havior [11], climate [12], geographical condition [13],
hygienic condition, economic condition [14], massive
urbanization, and cultural custom. Since the twenty-first
century, a total of seven public health emergencies have
been identified by the World Health Organization
(WHO) as Public Health Emergency of International

Concern (PHEIC), and five of them were associated with
eating factors. Thus, it can be seen that eating behavior
plays a significant part in the occurrence of infectious
diseases. It is meaningful to change people’s conceptions
and knowledge about dietary culture and eating
behavior.

Changes in dietary culture and eating behavior
Before human beings learned to use fire, they had spent
a long time in the dark. In the primitive life of picking
and hunting, everything they ate was raw and grasped
directly by hand, including birds and animals, clams and
fish, stems, leaves, and fruits. The use of fire opened the
door to civilization and gave birth to our human unique
culinary skills. Ancient humans ate food cooked by nat-
ural fire by accident and found that it was more deli-
cious than raw food, and since then, natural fire was
used. Finally, they knew how to create fires through
long-term attempts, and learned how to control fire and
cook with fire. At the very beginning, people put food
directly on the fire. Then, they learned to use a medium
to conduct heat in order that the food was evenly
heated, such as placing the food on a hot stone, or pack-
ing the food with grass or mud or animal skin before
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using the fire to burn it, or burying the raw materials in
the hot ashes or stones to make it cooked. Gradually,
cooking utensils emerged during the labor practices, and
various ways to preserve and store food were invented.

Backer has mountain, draft relying on water; there are
huge differences in dietary culture among different re-
gions around the world. More than 2400 years ago, the
Chinese medicine classics the Yellow Emperor’s Internal
Classics (Huang Di Nei Jing) proposed grain for raising,
fruits for help, meats for benefit, and vegetables for sup-
plement; various foods cannot conflict with each other,
so as to replenish vital energy, and grain, meat, and veg-
etables can provide nutrients, but they cannot be eaten
too much, so as not to damage the body. This may be
the earliest dietary guideline in the world. The ancient
Greek Hippocrates stated that health can only be en-
sured by proper diet and hygiene and to treat your food
like medicine, not your medicine like food. Each nation
has its own set of standardized eating etiquette in its
long-term practice. Likewise, different religions have also
formed their own set of dietary culture. For instance,
Taoism advocates vegetarianism and less food, and stop-
ping diet. Buddhism insists that when you get a diet, do
not choose it; as long as it can support your body and
you can practice the Tao, it is in line with the Buddha.
Islamic diet generally follows the standards of beauty
and ugliness, good and evil, and cleanliness and pollu-
tion. There are also corresponding eating activities and
specific food in specific festivals, emphasizing the pro-
motion of festival atmosphere and so on, for example,
turkey for Christmas in America, and dumplings for the
Spring Festival in China.

Nowadays, dietary culture has developed by leaps and
bounds. Modern science and technology are used to im-
prove, cultivate, and produce new varieties of cooking
raw materials, and promote and create new cooking
tools. A new system has formed for modern dietary cul-
ture. People are pursuing both color and taste while pay-
ing attention to nutrition. However, some unhealthy
eating behavior effected by dietary culture and beliefs
still exists, such as eating raw/underprepared food or
meat and products from wild animals, which could bring
risks to human health.

Eating behavior and infectious diseases
Reasonable eating behavior can provide adequate and
balanced nutrition to our body. However, unhealthy eat-
ing behavior is closely related to the occurrence of dis-
eases, not only chronic non-communicable diseases, but
also infectious diseases. A number of studies have shown
that unhealthy eating behavior has a certain impact on
the occurrence and development of infectious disease as
well as prevention and control, which is noteworthy. For

example, consumption of rare or underprepared food is
an important cause of infectious diseases.

With the improvement of living conditions, more
people no longer seek to eat full, but to eat healthy. For
example, it has become increasingly popular to eat raw
food, marinated food, and drunk food, including meat
products, aquatic products, and plant-based products,
seafood in particular, which make a great contribution
to foodborne infectious diseases.

To maintain the food’s quality, especially its delicious
taste, people in some places like to eat raw food. They
believe that fresh food has the richest nutrition and the
best taste, and the best consumption period of any food
is when its vitality is at its peak. Consumption of raw
and improperly cooked food is very common in South
and Southeast Asia [15]. For example, in Japan, where
seafood resources are abundant and raw food culture is
popular, more than 70% of foodborne illnesses have
been linked to seafood [16], and about 1000 cases of ani-
sakiasis are reported every year. In addition, some trad-
itional cuisine believes that food processing technology
should be minimized, and food should be eaten as close
to the nature state as possible so that food could main-
tain its highest nutritional value. Nevertheless, there are
huge health risks associated with raw or underprepared
food, such as bacteria, viruses, parasites, or toxin and al-
lergen. A number of varieties of parasites, including
nematodes, trematodes, cestodes, cestodes, and protozoa
[17], and viruses and bacteria, like human caliciviruses,
hepatitis A virus, vibrio species, andStreptococcus suis,
have been reported to cause infection outbreaks related
to consumption of raw food, which can be seen all
around the world. A case study in the lower Northern
Thailand [18] found that daily consumption of raw fish
averaged a 3.12–3.60 times higher risk of a liver fluke
Opisthorchis viverriniinfection compared to those with
no raw fish eating habit. A report of hepatitis E infection
in Jordan [19] showed that eating underprepared meat
was significantly associated with HEV seropositivity (OR
2.06; 95% CI 1.04, 4.06). Park et al. [20] concluded that
the habit of eating raw fish was the major factor for the
maintenance of clonorchiasis among residents of river-
side areas in Muju-gun, Jeollabuk-do, Korea; the odds
ratio of residents who had eaten raw fish was 3.2-fold
higher than that of those who had not.

Fish-borne zoonotic nematodes could infect human
beings when fish or other aquatic products are con-
sumed live, raw, smoked, or lightly cooked. In South
America, potentially zoonotic nematode species are very
common; infection with all kinds of nematodes was re-
ported. Most of these cases were from countries such as
Peru, Chile, and Ecuador where people have a tradition
of eating raw or inadequately cooked aquatic products
as in the form of the traditional dish called“ceviche.”
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Another important form was the raw fish prepared ac-
cording to traditional Japanese dishes, like“sushi” (Fig.1)
and“sashimi” (Fig.2) [21].

Clonorchiasis, also known as liver fluke disease, is en-
demic in China, Korea, Vietnam, and Japan. People at
any age can be infected. It was one of the most serious
foodborne parasitic diseases in China at the beginning of
the twenty-first century. It was estimated that 35 million
people worldwide were infected, of which about 15 mil-
lion people in China [22]. Totally, 62 counties and cities
have reported an epidemic of clonorchiasis in Guang-
dong province, China, and the most severe epidemic
areas were mainly distributed in the Pearl River Delta re-
gion, especially Jiangmen [23]. The infection rate was
21.77% in Jiangmen, and it could reach 78.8% in some
rural areas in 2007 [24]. Eating sashimi or raw or lightly
cooked shrimp was the main risk factor related to clo-
norchis infection. Infection rate was higher in males, the
reasons for which were indistinct but may be related to
more opportunities of outside eating for males. More-
over, sashimi was often used as a treat to entertain rela-
tives and friends, which further expanded the infection.
Likewise, liver fluke disease is highly prevalent in rural
southern Laos where raw food consumption had a deep
cultural root. Their misunderstandings about health
risks of raw food consumption were widespread. Raw
fish with a “sour juice” made from squeezed adult
weaver ants and spices like salt was considered to be
equal to cooked fish. It was a long-standing tradition to
use raw fish in various dishes, and the Laotians argued
that eating these raw fish dishes means to keep the
bonds of friendship and kinship [25]. Also, local people
claimed that these dishes can supply them with strength
and energy which were prerequisite for hard physical

work. In addition, these dishes were usually prepared
and served at many important social and cultural festiv-
ities or religious ceremonies where it was socially un-
acceptable to refuse to eat them [26].

Hepatitis A virus (HAV) is a single-stranded RNA
virus surrounded by a protein capsid. The outbreaks of
hepatitis A virus infection has happened worldwide [27],
like Sweden, the USA, Australia, Italy, and so on. The in-
fection was transmitted through contaminated water and
foods via the fecal-oral route [28], and the largest raw
seafood-related epidemic was reported from Shanghai,
China. During the first quarter of 1988, an unprece-
dented major epidemic of hepatitis A occurred in Shang-
hai, China. Over 300,000 cases were reported, of which
47 (0.015%) were fatal [29]. This outbreak was traced to
consumption of raw clams which was contaminated by
domestic sewage and excrement [30]. A species of clams
calledAnadara subcrenata lischkewas considered as the
source of infection, which was supplied and transported
from Qidong County, Jiangsu Province, where high inci-
dence of hepatitis A was reported [31]. It was believed
that the clams with some blood were more delicious.
Eaten immediately after it was dipped in hot water,
Shanghai’s blood clams reportedly had a raw, briny taste
that stands out in a dietary culture that was all about
freshness and mouth feel. However, this simple cooking
was obviously not enough to kill the germs, so the bac-
teria and hepatitis A virus adsorbed on the gills of the
clams invaded their digestive tract and liver easily.

Cysticercus is the larva of the tapewormTaenia solium
and can cause cysticercosis in humans through intake of
raw or underprepared pork contaminated with mature
cysts [32]. Cysticercosis has been classified as one of the
most important global foodborne parasites. Yunnan
province is a serious cysticercosis epidemic area in
China [33]. Local people have a habit of eating raw or
undercooked pork or liver, which plays a decisive role in
the spread of the disease. Some festival dishes in the

Fig. 1 “Sushi”. Sushi is a traditional Japanese dish, usually made by
cutting fresh sea urchin yellow, abalone, peony shrimp, scallops,
salmon roe, cod roe, tuna, salmon, and other seafood into slices and
placing them on the rice ball

Fig. 2 “Sashimi”. Sashimi is a fish dish in which fresh fish and
shellfish are sliced and eaten directly with a sauce
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minority areas of Yunnan province are made of raw
pork, such as the“shengpi”(生皮) (Fig. 3) of Bai nation-
ality, the “duosheng”(剁生) of Dai nationality, and the
“oru”(噢嚅) (Fig. 4) of Hani nationality. The Bai people
do not use boiling water but fire to kill pigs; they put the
whole pig with fur on the fire until the fur is charred
and scraped off, then cut the meat into thin slices and
eat with seasoning (Fig.5), which is called“Shengpi”(生
皮). “Duosheng”(剁生) is a raw meat paste with season-
ing. “Oru”(噢嚅) is cold vegetables with raw pork. In
2003, 4533 cysticercosis cases were found in Yunnan
from hospitals which were at or above the county level,
of which the Bai people accounted for 57.73% cases [34].
The previous studies found that 80.29% of the 1086 cys-
ticercosis cases had a history of eating uncooked meat
products [35], and 93.10% of the 1696 hospitalized cases
of cysticercosis had a history of eating“shengpi”(生皮)
[36]. According to survey, nearly 80% of the fresh pork
purchased was used to make“shengpi”(生皮) in their
daily life in a village of Dali, Yunnan province [37].

Streptococcus suisis a gram-positive strain of patho-
genic bacteria and a pathogenic zoonotic factor [38]. In
Vietnam, Streptococcus suisinfection was one of the
most common cause of acute bacterial meningitis in
adults [39]. There was a dish called“tiet canh” (raw
blood pudding) which was acclaimed wildly in Vietnam
[3]. The major ingredients of“tiet canh” were raw pig
blood and other animals’ blood mixed with minced pork
tissues.Streptococcus suiswas a common bacteria in“tiet

canh” [40]. A case-control study conducted between
May 2006 and June 2009 showed that risk factors identi-
fied for Streptococcus suisinfection included eating“high
risk” dishes such as undercooked pig blood (OR 2.22;
95% CI 1.15, 4.28) and pig intestine (OR 4.44; 95% CI
2.15, 9.15) [41]. In 2015, five swine streptococcus infec-
tions cases were reported, three of which were caused by
eating raw blood pudding.

It is shocking to know that 75% of emerging infectious
diseases originated from animals and no less than two-
thirds of these originated in wildlife [42]. In modern

Fig. 3 “Shengpi”(生皮). Shengpi from Dali, Yunnan Province, China.
Shengpi is a traditional dish of Bai nationality. The Bai people always
take it as their signature dish and specialty dish during the festival or
the daily gathering. There are two ways to eat Shengpi, one is that
meat and seasoning are not put together, and the other one is to
mix seasoning and meat directly

Fig. 4 “Oru”(噢嚅). Oru from Hani nationality of Yunnan Province,
China. It is cold vegetables with raw pork

Fig. 5 Seasoning. Seasoning is the soul of Yunan cuisine. The
ingredients in it are not fixed but can be added or removed
according to one’s taste. In general, seasoning includes pepper, star
anise powder, chili powder, sesame powder, coriander, chives,
and ginger
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