he “age of discovery”, beginning already in the 15th century, describes an era where
explorers started to discover new exotic countries which marked the start of the centurieslong period of colonization. With colonization came the discovery and contact with new
diseases, forcing the imperial leaders to tackle, what was for them, new healthcare issues. The new
healthcare challenges that came with colonial medicine was solemnly based on external interest
and had little to no concern for the native population. Colonial medicine might have contributed to
operational healthcare systems, but often at unequal and unjust terms, which is why the inclusive
approach of Global Health marks the path forward.
Global Health is a multidisciplinary field involving agencies both within and outside
medicine, aspiring to attain equity in health for all individuals worldwide as well as improving the
physical, economical, and social health. In modern times, the concept of Global Health has been
revised several times in order to suit the current needs of the global population.
In order to gain more extensive insight into how to handle healthcare issues in resource-poor
settings, we, students from Uppsala University, had the privilege to attend the course “Field
Training in Infectious Disease” at the International Centre for Diarrheal Disease Research,
Bangladesh (ICDDR,B) in Dhaka. This journal comprises articles that engage in important health
care related issues from a Bangladesh perspective, such as malnutrition and infectious disease.
This course opens an excellent possibility for learning and reciprocal exchange of ideas and
collaborations expanding over international borders, which is necessary to continue the evolvement
of Global Health. We thank everyone working at the Technical Training Unit at ICDDR,B, for the
exceptional learning experience and for taking so good care of us during our stay.
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The Role of Gut Microbiota in Health and Disease: How
Intestinal Dysbiosis Contributes to Pathogenesis in
Undernutrition and How It Can Be Treated
Tiziana Racca
The gut microbiota plays an essential role in the maintenance of health and its disruption is
associated with many diseases. Malnutrition and perturbations in the immune response are the two
major factors responsible for dysbiosis, as diet, microbiome and immune system are involved in a
complex crosstalk which makes them mutually related. In undernourished children persistent
insufficient nutrient intake results in accumulation of pathological changes in the intestine, which
foster the existing vicious cycle between malnutrition and infections and hamper recovery upon
treatment. Among these changes there is the alteration of gut microbiota, which has negative effects
on immune defense and nutrient metabolism. This article briefly describes the structure, the
composition and the functions of a healthy microbiota and summarizes the factors that contribute
to its shaping. Furthermore, it analyzes the causes and the features of the intestinal dysbiosis in
undernourished children and assesses the promising microbiome-targeting therapies that are being
considered for the treatment of undernutrition.

INTRODUCTION
Malnutrition is one of the major global health
issues, with almost 1.9 billion overweight or
obese adults and 462 million people that are
underweight. Among children, 52 million
under-five are suffering from wasting,
signifying that they have a low weight for
height. Around one in ten children are born
with low birth weight (in South Asia this is one
in four), and approximately 45% of deaths
among children under five are linked to
undernutrition [1].
If we move to Bangladesh, the
situation is alarming. According to the
International Centre of Diarrheal Disease
Research, Bangladesh (Icddr,b), more than half
the population suffers from malnutrition [2];
severe acute malnutrition (SAM) affects
450,000 children, while close to 2 million
children have moderate acute malnutrition
(MAM). Of the under five years old
population, 41% are stunted, 16% are wasted
and 36% are underweight. Moreover, a quarter
of women are underweight and around 15%

have short stature, increasing the risk of
difficulty in childbirth and low-birth-weight
infants.
Nowadays,
undernutrition
in
Bangladesh is managed through the application
of national guidelines that provide for three
phases [3], [4]:
I.

Acute phase: conditions that endanger
life, such as hypoglycemia, infection or
dehydration are identified and treated
during this phase. Feeding and
correction of micronutrient deficiencies
are initiated. This phase takes on
average one week in the hospital.

II.

Nutritional rehabilitation phase: the aim
of this phase is to recover lost weight by
intensive feeding. Khichuri and halwa
are foods based on lentils and rice that
are usually part of the diet because they
are protein-rich and relatively cheap.
The child is stimulated both
2
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emotionally and physically, while the
mother is trained to continue care at
home. This phase lasts 2-3 weeks, until
the child shows adequate improvement
in their condition.
III.

Follow-up: the aim of this phase is to
prevent relapse of severe malnutrition,
to ensure proper physical growth and
mental development of the child.

Treatment with therapeutic foods has
drastically reduced mortality in children
suffering from SAM, however it still doesn’t
solve the problem of incomplete restoration of
healthy growth [5]. Recent studies have
demonstrated the contribution of the
microbiome in the pathogenesis of malnutrition
[6]–[8]; gut microbiota immaturity has been
shown to be a likely cause for the failure of the
dietary intervention. A study conducted by the
Icddr,b in 2014, in fact, showed that, upon
administration of ready-to-use therapeutic food
(RUFT), anthropometric measures for
undernutrition are just transiently improved,
and that the regression during follow-up is
associated with regression in relative
microbiota maturity that actually ameliorates
during treatment [5].
This article gives an overview of the
intestinal microbiota and its role in the
maintenance of health, ranging from the factors
that shape the microbiome to the alterations
that are found in undernourished children.
Finally,
possible
microbiome-targeting
therapies in management of undernutrition are
considered.

The gut microbiota: an organ in its own
right
The intestinal microbiota is a complex and
dynamic ecosystem made up of 1014 microbial
cells, which include Bacteria, Eukarya and
Archaea. Firmicutes and Bacteroidetes

represent almost 90% of all Bacteria found in
the gut and they are found in high density
mainly in the caecum and in the proximal colon
[9]. Colonization of the intestine starts already
in utero and continues during the first two or
three years of life; soon after birth, facultative
anaerobes belonging to Staphilococcus,
Enterobacteriaceae, Streptocococcus and
Lactobacillus are predominant. By consuming
oxygen, they create the optimal environment
for subsequent colonization of obligate
anaerobes
such
as
Bifidobacterium,
Bacteroides and Clostridium [10]. Healthy
development of the microbiota is very much
related to the evolution of the immune system.
The gut, in fact, harbours both detrimental and
beneficial microorganisms, and the immune
system is responsible for maintaining their
correct balance, through the appropriate
density, composition and overall configuration
of the gut microbiota. On its side, the gut
microbiota contributes to modulation of the
developing innate and adaptive immune
system. Metabolite sensing seems to be the
most likely mode of interaction between the gut
microbiota and the immune system [8].
The gut microbiota promotes health
by intervening in several biological pathways
involved in the gut-brain axis, in the nutrient
metabolism and in the immune response [9],
[11]. It regulates food intake by affecting
hormones that influence metabolic functions
and areas in the brain associated with eating
behaviour [9]. It is involved in nutrient
processing by the host (including the
expression of host genes which control nutrient
metabolism and transport [7]), and nutrient and
energy harvest from diet [12] as well as
fermentation of non-digestible carbohydrates
[13], [14], and short chain fatty acids (SCFA)
[9]. It trains the immune system [15] and
protects against opportunistic pathogens [16].
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Factors that influence the microbiota
structure and composition
During the first three years of life the gut
microbiota of a child is in continuous evolution
and the characteristics of its shifts are
dependent on many factors. Starting from the
very beginning, transfer of microbiota from
mother to offspring occurs even before
delivery. Thus, maternal nutrition and
inflammation
can
impact
microbial
transmission. In particular, early microbiome
aberrations have been associated to propensity
to adiposity and obesity development,
improper patterning of both innate and adaptive
immune
response
(development
of
inflammatory related disorders) and social
deficits in the newborn babies. These findings
are in agreement with the developmental
origins of health and disease (DOHaD)
hypothesis, which states that adverse in utero
conditions can influence developmental
pathways in early life that result in long term
changes to offspring disease susceptibility [17].
According to the microbes the neonates are
exposed to, their microbiota will have a
characteristic initial composition: mode of
delivery and feeding are the key determinants.
Vaginally delivered neonates usually present a
gut microbiota which resembles that of their
mothers’ vaginas, while neonates born via
cesarean section usually harbour microbes that
are found in the mothers’ skin. Breast milk is a
unique source of nutrients and maternal
antibodies. Furthermore, it contains some
bacterial species such as Bifidobacterium and
Lactobacillus, which are probably transferred
from the mother through the entero-mammary
pathways. Compared to children fed with
formula-milk, children fed with breast milk
present lower levels of Atopobium and higher
levels of Bifidobacterium [11].
Diet is another fundamental factor
that shapes the gut microbiota. It is well known

that diets vary across the world; westernized
diets are characterized by a high content of
animal protein, fat, sugar, starch, and low fibre
content whereas the diets of inhabitants of
unindustrialized rural communities in African
countries provide up to seven times more fibre
due to increased intake of fibrous plants. Some
studies have been done to investigate
differences in the microbiota, and it has been
observed that gut microbiota of children in a
rural African village in Burkina Faso present an
increase in Bacteroidetes and a decrease in
Firmicutes compared to European children
[11], [13]. This pattern was also found in a
broader cross-cultural comparison of the gut
microbiota of people living in the Venezuelan
Amazon, rural Malawi and the USA
[8],[11][18],[19].
Finally, the environment also plays an
important role in establishing and modifying
the gut microbiota. For example, the close
physical contact between humans and
companion animals facilitates the acquisition
and exchange of microbes. This kind of
exposure has been demonstrated to be even
beneficial: pet ownership in the early, but not
later, years of life has been associated with a
significant decrease in the risk of allergic
disease [11].

The microbiome
children

in

undernourished

Undernutrition has several implications that go
beyond the insufficient daily nutrient intake. In
undernourished children, a vicious cycle
between malnutrition and infections is
established and perpetuated by pathogenic
alterations in the immune system, in the gut and
in the intestinal microbiota that influence one
another and hamper the recovery upon
treatment (Fig. 1) [7], [20]. Undernutrition is
associated with several defects in the innate
and adaptive immune systems, which, in turn,
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persistent infections and perturbations of the
immune system thus have negative effects on
gut microbiota, whose integrity is disrupted. In
particular three major changes in the gut
microbiota have been associated to
undernutrition [23]:
•

decreased fecal microbial community
richness (fewer unique taxa). In one study
of preschool-aged Bangladeshi children,
stool from undernourished children
contained just 57% of the richness found in
healthy subjects [24]. Lack of microbial
diversity makes the microbiome less
resistant to enteropathogens.

•

The proportional representations of specific
bacterial
groups
are
altered.
Undernourished children have an increased
proportion of pathogenic taxa within
proteobacteria, followed by a decrease in
the abundance of bacterial genes involved
in
nutrient
metabolism
and
an
overabundance of genes that mediate
virulence and pathogenesis [24].

•

The gut microbiota maturity is delayed.
Maturation of the microbiota comes with
the acquisition of important microbial
functions, which in undernourished
children are lacking.

Fig. 1. Andrew L. Kau, Philip P. Ahern, et al.
Human nutrition, the gut microbiome and the
immune system, Nature, Jun 2011

are associated with an increased predisposition
to diarrheal illnesses. Diarrheal illnesses are
associated with nutrient losses (micronutrients
mainly) and, when recurrent, with impairment
of the intestinal mucosal barrier; this has
consequences both on nutrient absorption and
defense against pathogens’ infection. The gut is
thus chronically inflamed because of
continuous recruitment of immune cells, which
leads to the development of environmental
enteric dysfunction (EED), a generalized
disturbance of the small intestine structure and
function with blunting or atrophy of intestinal
villi, inflammatory cells infiltrates and
hyperplasia of small intestinal crypts [21]. This
condition usually originates in children that
live in poor sanitary conditions with limited
public health resources and parasitic
contamination of food and water. In this
scenario, children are likely to be exposed
continuously to low levels of a range of
pathogens that keep the immune system
constantly under stress and affect the integrity
of the small intestine [22].
Within this clinical picture the microbiome
must be mentioned. The gut microbiota, the
immune system and the diet are all part of a
bigger biological network that determine the
health status of individuals. Malnutrition,

Intestinal dysbiosis, in turn, contributes to the
risk and pathogenesis of undernutrition through
effects on immune function and nutrient
metabolism. Absence of a healthy microbiota
increases the risk of more frequent and more
severe enteric infections, with the consequence
of enhancing both EED and inflammation;
nutrient absorption and processing are
impaired, which affects the nutrient and
energetic value of the diet; dietary energy
harvest (carbohydrate fermentation, TCA
5
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cycle, etc.), de novo micronutrient synthesis
and bile acid homeostasis are impaired as well;
some derangements have also been observed in
brain metabolism [25]. Finally, it is noteworthy
that clinical trials testing the efficacy of oral
vaccines against polio, rotavirus, and cholera
have shown lower immunogenicity in
individuals from developing countries when
compared to individuals from the developed
world [26],[27].

Microbiome-targeting therapies
By definition, a prebiotic is a nondigestible
compound that, through its metabolization by
microorganisms in the gut, modulates
composition and/or activity of the gut
microbiota, thus conferring a beneficial
physiological effect on the host’. Probiotics
instead are live microorganisms which, when
consumed in adequate amounts, confer a health
benefit to the host [10]. Beneficial effects
deriving from the administration of prebiotics,
probiotics or synbiotics (combination of
prebiotics and probiotics) have been shown in
many
studies
[10].
Human
milk
oligosaccharides (HMOs) are found in breast
milk and serve as the primary substrate for the
growth of Bifidobacterium and other bacteria
[28], [29];
it has been observed that
supplementation of prebiotics like HMOs or
compounds that share some of their attributes
to the formula milk increases the number of
beneficial bacteria, decreases the amount of
opportunistic pathogens and modulates the
SCFA
content,
thus
narrowing
the
compositional gap between breast milk and
infant formula (SCFA are a source of
metabolizable energy and are involved in antiinflammatory response and enteroendocrine
hormone regulation; SCFA profile is closely
related to the composition of the gut
microbiota) [30], [31]. Probiotics instead have
been shown to improve child health by
shortening the duration of rotavirus diarrhea,

preventing antibiotic-associated diarrhea,
reducing incidence of eczema in high risk
children and in many other ways. Moreover,
there is clinical evidence that administration of
probiotics to pregnant women and nursing
mothers can influence the establishment and
composition of the infant fecal microbiota [10].
Although the exact mechanism by which
probiotics exert their beneficial effects is not
known, it could be related to their direct
interaction with the host or indirect interaction
through their modulation of the gut microbiota.
Conversely, clinical evidence about efficiency
of prebiotics or probiotics in management of
undernutrition is lacking. Likewise antibiotic
treatment seems not to be beneficial in clinical
trials [23], [32]. However, there are several
preclinical models, especially with gnotobiotic
mice, that suggest that microbiome remodeling
could actually help in the treatment of
childhood malnutrition[33]–[35].

DISCUSSION
The gut microbiota is a complex ecosystem that
plays an essential role in the maintenance of
health. The first three years of life in a child are
critical for its development, and diverse factors
contribute to shape it, starting from nutritional
and immunological status of the mother during
pregnancy and lactation, continuing with
delivery and feeding mode, diet and
environmental factors.
Perturbations in the composition or the
structure of the microbiota have long term
effects on the health of the child, which are
currently irreversible with any treatment.
Malnutrition is a condition in which dysbiosis
occurs and it is responsible for the uncomplete
restoration of healthy growth following
treatment with RUTFs. In order to properly
treat malnutrition and all the other pathological
conditions in which the gut microbiota plays an
active part, the pathogenesis is thus important
6
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Fig. 2. Helene Velly, Robert A. Britton and Geoffrey A. Preidis, Mechanisms of cross talk between
the diet, the intestinal microbiome, and the undernourished host, Gut Microbes, Dec 2016

to promote research on therapies whose target
is the microbiota itself.
Regarding undernutrition, antibiotics,
prebiotics and probiotics are currently being
studied as adjuvant treatments for nutritional
rehabilitation [23] (Fig. 2). Antibiotics can
eliminate pathogenic bacteria, however, side
effects such as antimicrobial resistance or drug
reactions must be weighed carefully. Prebiotics
can enhance beneficial bacteria and functions,
but it must be taken into consideration that
some of the commensal targets could be
missing in the undernourished gut. Probiotics
can promote restoration of healthy gut
microbiota, possibly by performing functions
insufficiently represented in the microbial
community of undernourished children.
However, the mechanism by which probiotics
act is still not clear and further research is
needed. Furthermore, well-controlled clinical
trials are needed to assess factors such as (1)
the timing of initiation, (2) the duration of
administration, and (3) the route of
administration (e.g., directly to the child,
through the mother, or a combination of both)

of existing or next-generation RUTFs and of
probiotics effect repair of the microbiota and
restore normal metabolic functions and healthy
growth in a durable manner [25] .
Given the range of dietary, environmental, and
host factors that may contribute to growth
impairment it is unlikely that a single
therapeutic agent will fully restore a healthy
balance of microbial functions, systemic
metabolites, and micro- and macronutrients in
all cases of child undernutrition [23]. Rather,
development of low-cost biomarkers from
easily accessible body fluids will enable
personalized therapies to address an
individual’s specific functional deficiencies
with the appropriate combination of
microbiome-targeting agents. Delivering these
therapies will present new challenges,
including ensuring the safety of live bacteria
ingested
by
undernourished
and
immunocompromised children, lowering the
cost of large-scale production of prebiotics,
and navigating the challenges associated with
distribution in resource-constrained settings
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(e.g., lack of refrigeration, cultural
acceptability, sustainable local production).
In conclusion, there is still a lot to be explored
in relation to the gut microbiota. The role and
the therapeutic potential of the non-bacterial
component of the microbiome must be
investigated, and further research is needed for
a more complete insight of the network
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Malaria from a Bangladesh Perspective
Nick Willford, Lex Roelofs & Ludvig Leifman
Malaria is a significant health issue around the world, with over three billion people living at risk of
contracting the disease. Many of these people are living in developing countries where resources are
scarce and where healthcare is suboptimal. These factors, combined with a low standard of living,
contributes to over 200 million annual malaria cases and over 400 thousand deaths globally. The
addition of resistance to antimalarial drugs emerging in the parasitic population is exacerbating an
already critically complicated situation. Trends linking malaria seasonality with global warming and
monsoon rains, which annually affect many countries in South-East Asia, have revealed to be of an
increased length due to global warming. One of these affected countries is Bangladesh. Being situated
east of India and sharing borders with Myanmar (Burma) - is one of the countries where endemic
malaria in some districts. The situation has fluctuated over the years and is now turning for the
better; this is due to international investment and improvement of diagnostics along with a greater
understanding of the disease and its effects within a population. The future of malaria is uncertain,
but with proper control, intervention, and support, Bangladesh could one day be declared malariafree.

INTRODUCTION
The global importance of infectious diseases
such as malaria in developing countries cannot
be understated. Malaria is a devastating
disease, with an estimated 219 million cases
per year and 3.3 billion people at risk of getting
infected. Furthermore, malaria reportedly kills
a child every 30 seconds and approx. 3 million
people a year. It is often referred to as the
epidemic of the poor1. However, the disease in
part is mainly determined by climate and
ecology and not by poverty, although malaria
takes its toll on the poorest. Malaria has a
significant impact not only in terms of human
suffering and death but also in terms of high
economic cost and burden. It is estimated to
cost $4.3 billion per year globally, but is still
considered to be far short of the annual funding
target needed to control the disease efficiently2.
In this report, we will look at malaria in the
setting of Bangladesh, how the country has
attempted to combat the infectious disease with
its limited resources and future challenges.
In 2018, the World Health
Organisation (WHO) stated that there were 87
countries and areas that had ongoing malaria

transmission, with nearly half of the world’s
population (estimated at 3.3 billion)
categorized as at risk of malaria infection3.
There were 219 million cases of malaria in
2017, an increase compared to the 217 million
cases reported in 2016. Although the increase
in cases, the rate of mortality remained constant
at around 435,000 deaths during both years.
The South-East Asia region accounts for 5% of
malaria cases, and within this region, 13
countries are considered endemic with malaria,
with Bangladesh being one of these countries.
The country of Bangladesh is made up of 64
districts, 13 of which are considered to have
endemic malaria within its areas, which all
border India or Myanmar. Approximately 26.9
million people are living in these districts
where malaria is endemic. Almost 80% of
cases are reported from three districts:
Bandarban, Khagrachari and Rangmati,
collectively known as the Chittagong Hill
Tracts (CHT)4.
These thirteen districts are often
difficult to reach due to the hilly terrain and
therefore have inadequate passive surveillance
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and information systems resulting in poor
reporting of malaria cases by the Ministry of
Health.
Malaria is caused by a eukaryotic
protozoan belonging to several species of
Plasmodium parasites. Four main species can
cause human infections; P. falciparum, P.
vivax. P. ovale and P. malariae. The parasite
can be transmitted by approx. 70 species of
female Anopheles mosquitoes during feeding.
The predominant species within Bangladesh is
Plasmodium falciparum, whereas Plasmodium
vivax occurs to a lesser extent5.

Figure 1: Prevalence of Malaria Endemic Areas of
Bangladesh4.

The parasite requires a vector in Anopheles
mosquitoes and an intermediate host, for
instance, mammals such as humans, birds, and
reptiles. During a blood meal, infective malaria
sporozoites are injected from the salivary
glands of the mosquito into the human host.

These, sporozoites are carried through the
circulatory system to the liver. The hepatocyte
cells are the primary site of infection, where the
parasite multiplies, both asexually and
asymptomatically, to produce thousands of
merozoites within each infected hepatocyte6. In
P. falciparum and P. malariae species, infected
hepatocytes rupture between 6-16 days; each
cell then releases tens of thousands of the
parasitic merozoites into the bloodstream of the
host.
The entry of merozoites into
erythrocytes occurs through a process that
involves the apical complex of the parasite,
which makes the initial contact, creating a
small depression in the membrane followed by
the formation of a junction between the
merozoite and red blood cell (RBC).
Subsequently, the attachment between the RBC
and the merozoite results in an invagination of
the RBC, enabling merozoite entry into the
cell7. Inside the cell, merozoites undergo
structural changes, in that they assume a ring
form morphology before enlarging to become
mature trophozoites. This is followed by the
trophozoites undergoing asexual division,
resulting in the development of schizonts.
Subsequent schizogony in RBC’s occurs 48hrs
post-infection, resulting in the release of 16-32
merozoites
into
the
bloodstream.
Simultaneously, the contents of the ruptured
erythrocytes are released into circulation, and
as the trophozoites are highly metabolic, they
consume the host’s plasma and erythrocyte
content. Following release, production of
cytokines is triggered, which in turn
contributes to the clinical manifestations of
Malaria.
Some of the merozoites produced
differentiate into sexual forms known as
microgametocytes and macrogametocytes. No
further multiplication occurs for these
gametocytes, and they can persist in the
peripheral blood for weeks, thus increasing the
11
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Figure 2: Global Malaria8. M: malaria risk; h: present in the country, areas of risk are specified; 2: refers to detailed
description of malarious areas in this country; I-XII: Identifies months during which the risk of contracting malaria is high
(I= January to XII: Identifies months during which the risk of contracting malaria is high (I= January to XII = December);
A1: A. albimanus; A13: A. minimus; A22: A. sundaicus; R3: Malaria parasite resistant to antimalarial drug (chloroquine
and sulfadoxine-pyrimerthamine); S2: high incidences of chloroquine-resistant and/or multidrug-resistant P. falciparum
malaria occur in this country.

opportunity for further onward transmission of
malaria.
The female Anopheles mosquito can
ingest the erythrocytes containing gametocytes
while taking a blood meal. Subsequently, in the
midgut of the mosquito, micro- and
macrogametocytes are released and undergo
cross-fertilization to form zygotes. The
development of zygotes involves a mobile
ookinete phase, during which oocytes are
formed containing numerous sporozoites; these
then proceed to migrate via the lymphatic
system to the salivary glands of the mosquito,
so that they can be injected again and the new
host can perpetuate the malaria cycle6.

The Situation in Bangladesh: Past
The malaria situation in Bangladesh has
fluctuated over the years due to global
warming, the ban of DDT, and the lack of
funding 9. Bangladesh declared independence

in 1971, and the prevalence of malaria
remained relatively stable between 1982-1991
before a peak was observed in 199210. DDT
was banned in 1985, and no control efforts or
funding were in place to control the spread of
malaria11.
Around
70,000
laboratoryconfirmed cases were reported in the late
1990s, along with 500 deaths and 900,000
clinical cases of malaria11. The situation
changed as the Global Fund to Fight AIDS,
Tuberculosis, and Malaria (GFATM) awarded
Bangladesh $39,6 million in 200611. In the
following years, a decrease in malaria cases
could be observed (figure 3). The introduction
of the rapid diagnosis test (RDT), combination
therapy and the distribution of InsecticideTreated Nets (ITN) were a few of the outcomes
of the award11. These actions resulted in an
annual decrease of all malaria, severe malaria,
and malaria-associated cases nationwide
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(figure 3). In 2008, BRAC, an international
development
organization
based
in
Bangladesh, established a goal to reduce the
overall burden of malaria (mortality and
morbidity) in the 13 highly endemic districts by
60 %, by the year of 201512. Malaria caused
deaths were reduced by 90 % as of 2013 when
compared to 200812.

time, where there is a potential that climate
change could have a more substantial impact
on the distribution and mortality of Malaria in
the region of South-East Asia9,11. The number
of malaria cases in Bangladesh was reduced by
74% from 2015-2018, while malaria-related
deaths dropped by 22% during the same
period13. As of 2018, 10,525 cases were
identified (figure 4)13.

Antimicrobial resistance

Figure 3:Prevalence of total malaria, severe malaria, and
malaria mortality in Bangladesh (2008–12)9.

The Situation in Bangladesh: Present
As of June 2015, Bangladesh has received a
total of $64,81 million for malaria control and
prevention and is mostly donor-dependent9.

Figure 4:Distribution of malaria cases in affected districts. -:
no cases13

The National Malaria Control Program
(NMCP) in Bangladesh is currently
underfunded. We are approaching a point in

One of the biggest threats for Malaria treatment
in Bangladesh as of now is the spread of
antimalarial resistant Plasmodium falciparum.
Chloroquine-resistant P. falciparum has been
on the rise in Bangladesh since 2004, with an
estimated prevalence between 82-100%. A
recent molecular analysis performed in the
Chittagong Hill Tract regions showed a
prevalence of 81.5% Chloroquine resistance in
clinical isolates in Bangladesh14. For the
moment, there has been no resistance found
against Artemisinin-based therapies in
Bangladesh14. With that said, multidrugresistant P. falciparum strains against
chloroquine,
sulphadoxine-pyrimethamine,
mefloquine, and additional artisans have
already been observed in Laos, Cambodia,
North-East Thailand, and Vietnam as well as in
neighbouring countries Myanmar and
India15,16. It has been shown that resistance to
artemisinin-based drugs is acquired through
simple point mutations or gene amplification in
P. falciparum cft genes17. The KEL1/PLA1
multidrug-resistant P. falciparum co-lineage
seems to be one of the biggest threats for
malaria treatment in south-east Asia, and it was
found in 63% of all resistant strains in western
Cambodia in 201318. A recent study has shown
that the prevalence of this co-lineage has
reached over 50% in the whole parasite
population of all countries named earlier except
Laos today15. In North-East Thailand and
Vietnam, prevalence rates are already observed
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to be above 80%15. The KLE1/PLA1 colineage has yet to be observed in Bangladesh.
However, considering the extremely fast
emergence of resistant parasites and the
proximity to other South-East Asian countries,
this should be a major concern to healthcare
providers and the malaria elimination program
in Bangladesh.

Figure 5:Relationship between temperature and humidity with
malaria cases. Period: January 2015 - July 2019. Provided by
Dr Wasif. A. Khan, icddr,b, Dhaka, Bangladesh.

Climate effect on Malaria
One of the principal factors associated with
Malaria prevalence and transmission not only
globally but also in Bangladesh is the influence
of climate. In Ghana, an increase in the
maximum temperature has already been linked
to an increase in Malaria prevalence19.
Furthermore, evidence has been presented that
anticipates a significant increase in
environmental suitability, which may result in
higher vector survival. Couple that with an
increase in global population at risk, climate
change should be a major concerning factor in
fighting Malaria prevalence across the globe20.
In Bangladesh, similar trends are
found. The relationship between climate and
Malarial prevalence in Bangladesh has been
shown to have a stable and direct correlation
between the level of humidity, rainfall, and the
number of cases, as is visualized by Dr. Wasif
Ali Khan (Figures 5 & 6). Because of these
results combined with the growing population
of Bangladesh the effect of climate change
should be a major factor in the attempt to
eliminate Malaria.

Figure 6:Relation between rainfall and malaria cases. Period
January 2015 - July 2019. Provided by Dr Wasif. A. Khan,
icddr,b, Dhaka, Bangladesh.

The Situation in Bangladesh: Future
The future is uncertain, as it is unknown to
what extent the climate change will affect the
transmission and mortality of malaria, this
along with the impact of resistance to
antimalarial drugs has been discussed above.
The best way to prevent a disease is
by taking preventative actions. In this case,
preventative actions could be the distribution
and use of ITNs, indoor residual spraying, and
larval source management. Alternative ways of
controlling mosquitoes are under development,
such as the use of genetically modified
mosquitoes and swarm sprays21. Since
mosquitoes are considered the most dangerous
animal on earth, focusing efforts on vector
control could result in prominent health
benefits in areas where mosquito-borne
diseases are a vital concern22. Improved
diagnostics, such as the implementation of
RDT in mainly highly endemic areas, is one
way of ensuring a more effective method of
treatment and reporting23.

CONCLUSION
Like other South-East Asian countries,
Bangladesh, over the past decade, has reported
a decrease in the prevalence of malaria and
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malaria-associated mortality. This can be
directly aligned to the delivery of vector
control interventions, indoor residual spraying,
and effective anti-malarial treatment with
artemisinin combination therapy. Alongside
with to the high number of health workers and
health-care facilities, which are utilized to
protect more than 60% of the population at
high risk3. Since the establishment of GFATMsupport control initiatives, there has been
considerable progress in malaria control, with
a noticeable reduction in the prevalence,
combined with an increase in the knowledge of
malaria and control measures in the endemic
population of Bangladesh11.
Nevertheless, while this shows a
positive impact on the control of malaria within
the country, there are lurking threats such as
resistance and climate change, that could undo
the current effective control programmes in
place.
The increasing emergence of
artemisinin resistance in P. falciparum reported
in South East Asian countries, especially in the
neighbouring states of Myanmar and India, is
one threat that could spread artemisinin
resistance to Bangladesh through malaria
vectors in remote border regions24,25.
Regarding climate change, several
studies have shown that the highest number of
malaria cases occur during the rainy season and
that there is a strong correlation between the
amount of rainfall, the level of humidity and the
number of cases of Malaria. The high relative
humidity lengthens the life of the mosquito
allowing it disperse further, which in turn helps
the parasite to complete the necessary life cycle
and be transmitted among humans, thus
favouring the spread of the disease19,26,27.
Increased rainfall creates additional sites for
mosquito
replication
and
egg-laying.
Bangladesh has extensive wetlands that
constitute 50% of the land surface, where the
majority of wetlands are situated on the

Brahmaputra River Delta. These extensive
wetlands make the country prone to flooding.
Flooding, in turn, increases the number of
available potential mosquito mating sites in
proximity to human population centres, which
in the case of increased rainfall, further adds to
the vicious cycle of increased mosquitobreeding.
The current rate of increase of the
annual minimum temperature by 0.1oC is
higher than that of the annual maximum
temperature by 0.09oC in Bangladesh, while
the average rainfall is increasing by 10.6 mm
per decade26,28. The raising of both global and
local temperatures and rainfall in combination
with resistance mechanisms could result in a
resurgence of malaria cases and the reversal of
Bangladesh into an epidemic country before
the introduction of effective control methods.
Unless rapid, extensive steps are taken, then
there could be increased costs to deal with both
on an economic level as well as that of human
life.
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Rotavirus in Children > Five Years of Age in Bangladesh
Maryam Abdi Mohamed & Aisha Mohyadin Mahamed
Rotavirus is a virus found all over the world; it causes severe gastroenteritis and significant mortality
in low-income countries, especially in children. It is estimated that over 500,000 children under the
age of five die because of this viral infection every year. The latest data collected from Dhaka,
Bangladesh, from 2012 to 2017 suggests that the viral outbreaks increase during the winter season,
with most hospitalizations occurring in infants under the age of two (1). The infection can be
prevented effectively by vaccination, which has significantly reduced the morbidity and mortality of
the disease in high-income countries. Unfortunately, vaccination has been shown to have moderate
to low efficacy in lower-income countries such as Bangladesh. Nutrition deficiencies such as vitamin
A zinc and protein have been implicated as factors that exacerbate rotavirus infection. Treatment of
the infection is through the replacement of fluids and electrolytes. The virus is primarily transmitted
through the faecal-oral route; therefore, proper good hygiene, clean water, and sanitation are
imperative, reducing the incidence of the infection.

BACKGROUND & HISTORY
Rotavirus is the leading cause of acute
gastroenteritis in the whole world. The virus
has historically been a significant global
burden, and in 2009, the virus was responsible
for the deaths of 500,000 children. By several
interventions the number of deaths has declined
to 250 000 deaths in 2013. However, a smaller
number of deaths was detected in 2016 (1). The
estimated population of Bangladesh in 2005
was 142 million persons, and the crude birth
rate was 26.4/1000. Thus, an estimated 3.7
million infants were born in Bangladesh in
2005. The mortality rate for children <5 years
old estimated by the Bangladesh Demographic
and Health Survey is 88 deaths per 1000
children per year (2), and so it was estimated
that the total number of children <5 years of age
in 2005 was 17,100,000. The Bangladesh
Demographic and Health Survey used a new
method to classify the reason for death in 2004.
The objective of the reclassification
was to reduce the number of children assigned
an unknown cause of death; using this new
method, 5.1% of deaths of children <5 years
old were attributed to diarrhoea, and 6.8% were
attributed to a combination of acute respiratory

tract infection, diarrhoea and possible serious
infection (3). It was assumed that the fraction
of rotavirus gastroenteritis among the diarrhoea
deaths in Bangladesh was similar to the
fraction of rotavirus gastroenteritis cases
among diarrhoea patients at the ICDDR, B
hospitals in Matlab, and Dhaka between 2000
and
2004(4).
Since
Rotavirus
disproportionately causes severe diarrhoea, this
is a conservative assumption.
However, in severe cases, it can
cause death because of dehydration in children
under two years of age in developing countries.
The virus is also present in high-income
countries but has high morbidity and low
mortality rate relative to low-income countries.

Figure 1: by Dr. K Zaman, dots represent death.

17

Infection Biology in a Global Perspective – Uppsala University & International Centre Diarrhoeal Research, Bangladesh
Infection Biology’s Global Health Journal 2019

Moreover, 64% (4,832 out of 7562)

Transmission & Surveillance of Rotavirus
Rotavirus is a seasonal virus that circulates
from five to eight rounds a year, and usually it
occurs during winter, the period when children,
most commonly, get admitted to the hospitals
(5). The transmission of this virus is through
the faecal-oral route, this is facilitated by
overcrowding, lousy hygiene, and use of
unclean water.
The chance of rotavirus spreading is
high in hospitals, due to the high number of
patients. This also increases the likelihood of
transmission from bed to bed especially when
patients with no diarrheal infection are
admitted to the same room as patients who have
no diarrhoea.
Furthermore, rotavirus is highly
contagious, with a small infectious dose of <
100 virus particles, according to the World
Health Organization (6). Rotavirus causes
death to children under 5 years of age in
developing countries; however, in developed
countries, it is common but does not cause
death since children are vaccinated against this
infection. The disease usually lasts three to
eight days; however, children may develop
rotavirus more than once because the vaccine
does not provide full immunity against reinfection (7).
In
Dhaka,
infants
constitute
approximately half of all rotavirus infected
patients who are admitted to the hospitals, and
recent data indicates that the virus is
responsible for 2¬/3 of all diarrhoea-related
hospitalizations under five of age (8).
A total of 250,133 children who are less
than five years were admitted to the sentinel
sites from July 2012-June 2017. Children who
were tested positive for rotavirus in the
surveillance system were 7562(25%), while
hospitalized children with acute gastroenteritis
were 29,991(12%).

Figure 2: data collected from children who are positive and
negative for rotavirus from 2012 to 2017 during July to
March. Source Dr. K Zaman

were tested positive for rotavirus. Also, due to
seasonal changes in May 2013, 17% referred to
the hospital for rotavirus, and in January 2017,
86% were referred to the hospital, which is a
significant increase.
Rotavirus, including other factors, can
contribute to the development of malnutrition.
These factors are low immunity, poverty, lowsocioeconomic, and overcrowding in the
hospital settings, in addition to the cost when
the treatment which contributed to the
development of malnutrition (9).

Rotavirus vaccines
Two vaccines are globally available for
rotavirus infection. They are live attenuated
RotaTeq and Rotarix vaccines. Both were
licensed in 2006 and are highly recommended
by WHO. Disease burden posed by rotavirus
has significantly reduced in developed
countries thanks to these vaccines. However,
when introduced into the developing countries,
the vaccines have shown lower efficacy; this is
not unique to rotavirus vaccines, liveattenuated cholera vaccine and poliovirus
vaccine has also shown a similar effect (10).
Many articles were written about the
topic, and among the reasons for lower vaccine
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efficacy in low-income settings are
breastfeeding practices, stomach acidity, and
micronutrient malnutrition (9). Other studies
have also shown that some populations have
particular mutation in the histo-blood group
family, making them resistant to symptomatic
infection caused by rotavirus. Those persons
expressing the mutation represent 20% of the
white population (11).
Several studies were conducted in
rural Matlab in Bangladesh to test the efficacy
of the vaccines. In one of the studies, Rotarix’s
effectiveness was measured. The incidence of
acute rotavirus diarrhoea was compared among
infected children in villages where the vaccine
was provided to the children in villages where
the vaccine was not introduced. The vaccine
had a moderate effect on the vaccinated
children as the infection was reduced by 41%.
It was concluded that in order to achieve a
significant reduction of the infection, more
extensive vaccine coverage in a broader range
of the population may be needed (12).
A similar study that tested the
efficacy of RotaTeq has shown a significant
reduction in severe diarrhoea among infants but
still had a lower effect than that reported in
high-income settings. These two vaccines have
shown to be effective in reducing the burden of
diarrheal disease, and the studies support the
recommendation from WHO to implement
rotavirus vaccines into the standard vaccination
programmes. Many developing countries are
deciding to include the vaccine into their
immunization programmes following WHO
recommendation (13).
The government of Bangladesh is
planning to implement rotavirus vaccines into
the expanded immunization programme (EPI)
due to the high disease burden in the country. It
might be challenging as the vaccine could be
costly, and it should be kept in a cold, dry place.

RotaTeq® manufactured by Merck & Co. in USA.
Pentavalent
3 doses
85% efficacy
Rotarix® manufactured by GlaxoSmithKline in Belgium.
Monovalent
2 doses
95 efficacy
Both vaccines are orally administered.

Treatment & control
No specific antiviral is available for rotavirus;
instead the symptoms are treated. Severe
diarrhoea caused by the virus leads to
dehydration, especially in children, and it can
easily be treated by replacement of lost water
and electrolytes through oral rehydration
solution (ORS). Usually, zinc supplements are
given with the solution as it has proven to
reduce the duration of acute diarrhoea (14).
Rehydration and sanitation are the most critical
measures to control the infection, as is the case
in all diarrheal diseases (15). According to
WHO, the water system has improved in
Bangladesh, but extensive work needs to be
done as 5 million people lack access to safe
water and 85 million to needs improved
sanitation.
Other control measures included are;
improvement of children’s nutrition and
exclusive breastfeeding, which improves the
children’s immunity making them less prone to
acquiring infections. Also, good hygiene
practices and elimination of overcrowding in
the healthcare institutions can significantly
reduce the transmission of the virus. Another
indirect way to control diarrheal infections is
through the improvement of social
determinants such as poverty; this includes
rotavirus vaccination and all the factors
mentioned above that have shown to have a
good impact on reducing mortality in children
under five years (16).
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CONCLUSION
Rotavirus is the most common cause of viral
diarrhea, and it causes acute gastroenteritis in
children under five. The transmission route is
fecal-oral, but the water system and children’s
behavior play a significant role in the spread of
the infection. The number of deaths has
decreased in Bangladesh in the last decade;
however, the morbidity is still remarkably high.
Infection by Rota can be significantly reduced
through vaccines and other control measures
such as hygienic practices and usage of clean
water.
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Nosocomial Transmission of Nipah Virus in Bangladesh
Ardea Beverskog, Erik Danielsson & Lauren Davies
Introduction
Nipah henipavirus (NiV) was originally
misidentified as Japanese encephalitis virus
and previously identified as a Hendra-like
paramyxovirus, but is now known to be a
highly pathogenic, zoonotic paramyxovirus.
The virus belongs to the genus henipavirus, is
enveloped, and has a positive sense ssRNA
genome built of helical nucleocapsids
(Banerjee et al. 2019). It was initially isolated
in 1998 within Malaysia but has also been
found in Singapore, the Philippines, India, and
Bangladesh. The strain found in Malaysia has a
93-99% sequence similarity to the strain in
Bangladesh (known as NiV-B, which is more
pathogenic than Malaysian strain NiV-M).
Strains localized to a region have a unique
clinical presentation and transmission
dynamics, such as pig to human transmission
and nosocomial transmission. However, no
human-to-human transmission has been
detected by the Malaysian strain.

The first reliable evidence of nosocomial
infections was identified in Siliguri India
during 2001, in which 45 of 60 (75%) were
confirmed as nosocomial infections.
The natural host are fruit bats of the
Pteropus genus, but has a broad host range
including humans, horses, dogs, cats, cows,
and pigs. The primary route of transmission for
NiV in Bangladesh is through consuming raw
date palm sap (DPS aka kancha khejurer rosh)
or direct/indirect contact with infected patients.
The infective virus has also been isolated in bat
urine, feces, and partially eaten fruits in
Malaysia (Luby, 2006), leading to intensive
surveillance of bats in endemic areas. There is
evidence of bats having symptomatic NiV
infection with behavioral changes. The human
symptoms include respiratory involvement,
vomiting, fever, encephalitis, as well as altered
mental status (Banerjee et al. 2019).

Luby, et al. (2006). Foodborne Transmission of Nipah Virus,
Bangladesh. Emerging Infectious Diseases, 12(12), 1888–
1894.

World health organisation. Nipah virus infection.
https://www.who.int/csr/disease/nipah/en/. [2019-11-24]

Person to person transmission and
high case fatality rates over 70% make Nipah
virus a formidable threat as an emerging
zoonotic disease. The temporality of outbreaks
is connected to the generational tradition to
consume raw DPS during the winter months of
December through March. During this time,
Pteropus bats will be pregnant and undergo
biological changes such as eating more and
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excreting more, which will lead to an increased
risk of contaminating the DPS (Luby, 2009).

Nipah Surveillance
Surveillance of NiV infections in Bangladesh
began in 2001, with the agent identified in 2003
and surveillance identifying 122 cases over 23
NiV outbreaks documented before 2007. After
2007, systematic investigations of NiV cases
with contact tracing have been performed. In
2006, an icddr,b field infrared camera captured
footage of a bat defecating onto a date palm,
since then considered to be the smoking gun of
NiV zoonosis in Bangladesh. A massive NiV
outbreak occurred in 2009, and the World
Health Organization subsequently categorized
NiV as an emerging infectious disease posing a
large risk of causing a significant epidemic.
There are two forms of NiV surveillance in
Bangladesh, the first being active surveillance
in the Nipah Surveillance hospitals of Rajbari,
Faridpur, & Rajshahi. Passive surveillance was
conducted in tertiary district hospitals in
Meherpur, Noagoan, Tangail, Thakurgaon,
Kushtia, Manikgonj, and Lalmonirhat that is
referred to as the “Nipah Belt”. Additionally,
there is 24/7 electronic and paper media
surveillance. Confirmed cases are defined as a
person with detectable anti-NiV IgM
antibodies or anti-NiV IgG for retrospectively
identified cases. Suspected cases are those with
strong epidemiological links lacking a
biological sample.

Social Behavior and Recurrent Outbreaks
The recurrence of outbreaks is unique to
Bangladesh, with cases reported almost every
year between 2001 to 2015. However, more
sporadic cases are seen in other parts of South
East Asia, such as in Malaysia, Singapore, and
The Philippines, with some regular outbreaks
occurring in Eastern parts of India. In many
regions in Bangladesh, raw date palm sap is a
delicacy, and its consumption has been a

tradition for hundreds of years. This has
brought difficulties to medical professionals
trying to discourage the population from
consuming it as many still believe the sap is
unrelated to Nipah infection and continue to
consume it annually, which may contribute to
the consistency of outbreaks observed in
Bangladesh annually. Furthermore, it is a social
norm in Bangladesh that when a member of a
family becomes ill, they are to be cared for by
other members and so the family becomes the
primary caregivers. In the case of Nipah, an
incredibly contagious disease that can spread
through
respiratory
droplets,
primary
caregivers are at increased risk of infection as
they are directly exposed to these secretions for
long periods. Furthermore, as Nipah is a
debilitating infection, those infected will
require more assistance from their family
caregiver as many nurses and doctors are often
hesitant to treat the patient directly. This means
that multiple members of a family could be
harboring and shedding the virus unknowingly
to a population; coupled with the continuous
ingestion of raw date palm sap, these factors
could account for the continuity of this
emerging disease in Bangladesh.

Direct nosocomial transmission (human
to human)
Investigations into nosocomial infections
intensified after a recent outbreak during 20102011 that claimed the lives of one physician
and one cleaner who washed an infected
corpse. There was strong epidemiological
evidence during the first decade of NiV
outbreaks suggesting that human to human
transmission was involved, and multiple
investigations confirmed the presence of NiV
in patient urine, saliva, and particularly
respiratory secretions. The severity of the
disease has been suggested to be directly
related to the amount of viral shedding,
likewise higher degrees of the significance of
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nosocomial infection. The effect shown in
survey analysis is that the risk of infection is
highest among individuals who had intense and
longer exposures to infected patients; with
highest risk factors including having the
relationship of spouse, contacting a patients
bodily fluids, touching the infected patients
face, contacting items touched by infected
patients, and cleaning the mouth of infected
patients (odds ratio 14.3, 2.1, 1.3, 1.3, 1.3,
respectively).

Identifying and isolating a Nipah
virus patient in a timely manner is extremely
difficult and has lethal consequences. Firstly, it
takes approximately one week to confirm a
suspected Nipah case, and of roughly 300
encephalitis cases suspected every year, only
3.5% of those are confirmed as Nipah.
The average time between a primary infected
patient and disease onset for a patient infected
by human to human transmission from the
primary patient is known as the median serial
interval and was determined to be 13 days.
As seen in figure A, 19 transmission
tress represent human to human transmission
observed over a 14 year period, highlighting
the enhanced risk of nosocomial infection with
higher age and symptoms of respiratory
distress. 95% of patients develop symptoms

within 13 days of infection, and the median
time from symptomatic infection to death was
6 days (interquartile range 4 to 8). NiV patients
were hospitalized within a median of 4 days
(interquartile range 3 to 6, NEJM, 2019), with
death occurring an average of two days after
hospitalization (interquartile range 1-3).
Interestingly, it has been shown that male
patients were 8.4 times more infectious than
female patients and that 5% (12/248) of
infected patients were responsible for 86% of
infections. Confirming a case by molecular
methods or serology takes roughly one week,
with patient exposure history playing an
important role in identifying cases. There are
still significant hurdles such as lack of space for
patient isolation, the willingness of health
workers to treat a NiV infected patient, and that
a patient is infective during the diagnostic
delay. Even though the diagnostics, in theory,
would be able to take a shorter amount of time,
it is often delayed due to lack of resources,
whereas most diagnoses take longer time in
countries such as Bangladesh.

Indirect fomite
transmission

borne

nosocomial

The role of fomite mediated transmission in
healthcare settings has been scrutinized over a
variety of investigations in Bangladesh. For
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example, one study identified NiV RNA on
multipurpose towels, bedsheets, and bed rails
via RT-qPCR (Hassan et al. 2018). NiV RNA
in oral secretions has been confirmed across
multiple studies, and patients with such
secretions are significantly more likely to have
fatal outcomes.

Current Status in Bangladesh
As of October 2019, there are 313 recognized
cases of NiV infection over 37 outbreak events.
Case fatality rates in Bangladesh hover around
70%, but case fatality rates in neighboring
India have been recorded at 91% (Spiropoulou,
2019). Nikolay et al. 2019 (NEJM) is an
excellent article which elegantly summarized
14 years of NiV transmissions in Bangladesh,
with 82/268 cases having human to human
transmission (R0 = 0.33) NiV was shown to
have a broad incubation range of 2-22 days, and
Bangladesh is particularly vulnerable to NiV as
it is the only country with recurring NiV
outbreaks in the last 18 years (with the
exception of no outbreaks in 2015-16). The
typical clinical presentation of NiV-B patients
in Bangladesh comprises of a patient
presenting with respiratory syndrome, altered
mental status, and fever (NiV-M typically
presents with encephalitis). The etiology of
most meningoencephalitis patients is often
unknown, and long-term sequelae following
NiV infection have been observed, including
convulsions and changes of personality.

Challenges and Future Perspectives
There are a plethora of challenges in addressing
nosocomial infections in Bangladesh, such as
the cultural tendency of intimate hands-on care
provided by relatives and healthcare workers in
hospitals, behavioral challenges, hospital
crowding to the tune of hospital wards having
a median of four patients per 10m2, and studies
showing a median five uncovered coughs per
hour in Dhaka have been observed (Hassan,

2018). Physicians in Dhaka can see an excess
of 60 patients per hour, and
critical
shortcomings in personal protective measures
such as hand washing, disinfectant gelling, and
the use of gloves or masks increases the risk of
patient to patient, patient to caregiver, corpse to
human, and other forms of nosocomial human
to human transmission.
NiV is a biosafety level (BSL) 4
pathogen, but many laboratory facilities
classify modified, inactivated samples as BSL2 for routine diagnosis (Banerjee, 2019). An
entity known as the Coalition for Epidemic
Preparedness Innovations (CEPI) has a phase II
clinical trial for a potential NiV vaccine. It is a
recombinant vesicular stomatitis virus (rVSV)
that expresses a type of Nipah-virus protein
known as glycoprotein G on the surface of viral
particle (rVSV-Nipah). There are also
investigations into a post-exposure IV-IgG
treatment, but currently, no clinical trials are
being conducted. Exposure based screening has
been proposed to be a cost-effective means of
diagnosis and has shown promise with one
study suggesting screening questionnaires had
high sensitivity (93%), high specificity (82%),
a positive predictive value of 37%, and
excellent negative predictive value of 99%
(Sazzad et al. 2015). Slow and expensive
diagnostics pose real hurdles to such
interventions.
Perhaps the greatest concern is that a
highly mutagenic RNA virus such as NiV may
transition from a stage III zoonotic pathogen to
a stage IV zoonosis. A stage IV pathogen
means the average number of cases infected by
an index case changes from <1 to >1, meaning
that such a virus has the potential to spread in a
population. A variant of NiV with a R0 greater
than 1 combined with its incubation period
poses a formidable threat. The lack of strong
treatment options, vaccines, and the potential to
change into a stage IV zoonotic pathogen
rightfully place NiV high on the list of
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emerging infectious diseases to keep on the
radar within Bangladesh and other affected
areas.
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Hepatitis E Virus in Bangladesh: its Relevance in Pregnant
Women and the Introduction of Vaccination
Ioanna Broumou, Lisa Chiggiato & Daniel Herrera Rodríguez
Hepatitis E virus is a small, non-enveloped ssRNA virus belonging to the family Hepeviridae. It has
7 known serotypes, with 1-4 and 7 showing human tropism. It is a leading cause of hepatitis and acute
liver failure in developing countries such as Bangladesh, where the lack of clean drinking water, the
bad sanitation and sewerage system increase the risk of infection associated with genotypes 1 and 2.
Pregnant women are considered as a high-risk group for fulminant hepatitis, especially if they get
infected during the third trimester of the pregnancy. The risk of infection can be reduced by water
disinfection, but with its spread in low-income areas, where safe water is uncommon, and poverty
limits boiling and chlorination, another prevention method is needed, like vaccination. The only
available vaccine, Hecolin©, has been developed and tested in China, and since the vaccine had
encouraging results, Icddr,b started a field trial in Matlab Bazar, Bangladesh. We are looking
forward to reading the results and hope that the vaccine is as effective as in China.

INTRODUCTION
HEV was initially identified in the late 1970s
as an epidemic non-A non-B hepatitis1 and
named ET-NANB hepatitis virus2. It is a
leading cause of hepatitis and acute liver failure
in the developing world, manifesting big
epidemics related to poor sanitation associated
with genotypes 1 and 23. Pregnant women are
more susceptible to the infection, with
aggressive clinical manifestations4. Genotype 3
is more recognized as an autochthonous
infection in Western countries5, and chronic
infections have also been recognized in
transplant recipients leading to cirrhosis and
organ failure6.
HEV is a small ssRNA virus (27-34nm)7,
7.2kb in length with 7 genotypes8. It is nonenveloped in bile and faeces and enveloped
with a lipid membrane when it is presented in

Figure 7.- HEV genome.

the blood 3. Its genome consists of a 5’ short
NCR, ORF1 (non-structural proteins: MT,
PCP, Hel,), ORF3 (small functional protein,
facilitate replication, viral assembly and
egress), ORF2 (capsid protein) and 3’NCR
followed by a polyA tail. An ORF4 has been
discovered within the ORF1 region encoding a
protein during ER stress to control the RNA-dRNA-polymerase activity, being exclusive for
genotype 1 (Figure 1)3. Negative sense
intermediate replicates have been found during
replication, and receptors have been detected9.
HEV belongs to the family Hepeviridae
containing 2 genera: pischepevirus has one
genus, piscihepevirus A, where all the cutthroat
trout strains are. ortphepevirus, the other genus,
contains four species, orthohepevirus A
(human and pigs, deer, rabbits, mongooses,
rats), B (avian species), C (ferrets, rats) and D
(bats)3. It has 7 known serotypes, with 1-4 and
7 showing human tropism10: 1 and 2 only infect
humans, 3 and 4 have been isolated from
various animals and 7 from camels. Genotypes
1 and 2 are endemic in developing countries,
producing water-borne outbreaks. They are
obligate human pathogens transmittable via the
faecal-oral route and have a clinical
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presentation identical to any acute viral
hepatitis3. Genotypes 3 and 5 are normally
transmitted in developed countries as foodborne zoonoses11. They were first isolated in
pigs and had many different animal reservoirs,
being transmitted through undercooked or raw
pork, shellfish and soft fruits. They can also be
transmitted by blood transfusion and
transplantation3. Genotype 7 has only infected
humans once, a liver transplant recipient who
regularly consumed camel milk and meat12.
The virus presents two different clinical
conditions: large epidemics in endemic areas
and isolated cases amongst asymptomatic
individuals in developed countries13.
Genotypes 1 and 2 HEV infections
produce waterborne epidemic hepatitis
transmitted through the faecal-oral route. In
genotype 1, stool derived HEV is more
infective than virions derived from serum13.
Both are endemic in developing countries:
genotype 1 is a common cause of acute
hepatitis in Asia; meanwhile, genotype 2 is
prevalent in Central America, Mexico, and
Africa. They are exclusive to humans3. There
are 20 million infections worldwide, with 3.3
million of symptomatic cases4 and 56600
deaths14. It is believed that the true burden is
much higher. Imported cases are also observed
in developed countries3. The majority of the
infected are asymptomatic, with 20%
presenting generally nonspecific symptoms4
like nausea, fatigue, jaundice, anorexia, and
myalgia. Laboratory tests show high serum
bilirubin and risen liver enzymes. The average
incubation period is 40 days, and the majority
of the acute infections resolve spontaneously
within 4-6 weeks. If it doesn’t resolve, it can
cause acute liver failure, most common in
pregnant women3. These genotypes have also
been related to the development of acute-onchronic liver failure/decompensated liver
disease (4-75% occurrence, 34% short-term
mortality)15.

HEV can also replicate in non-liver
cells , generating neurological manifestations
(GB syndrome, neuralgic amyotrophy,
transverse myelitis, cranial nerve palsies), renal
impairment, and severe kidney disease
(cryoglobulinaemia,
pancreatitis,
3
haematological abnormalities) . Diagnosis is
made through serology, detecting anti-HEV
antibodies (IgG), or through a qRT-PCR
searching for RNA. HEV infections are likely
to be under-diagnosed due to their mimicry
with other causes of acute hepatitis. The
treatment consists of liver transplantation for
fulminant hepatitis (rare) and medical therapy,
consisting of ribavirin and/or pegylated
interferon. The two main preventive actions are
water sanitation and vaccination (in
development). In the future, standardisation of
diagnostic assays, studies of optimal doses and
development of new treatments (against the
virus polymerase), deep sequencing for
detecting resistance against treatment and
education should be the key3.
16

HEV in a global perspective
HEV is globally distributed and is considered
the leading cause of acute sporadic hepatitis10,
32,
. The infection with the Hepatitis E virus
shows two distinct patterns based on the
geographic region where the infection takes
place. Specifically, in the developing (lowincome) countries, HEV has associated with
sporadic cases as well as outbreaks, whereas in
the middle- and high-income countries
(developed world), the virus is more common
to cause sporadic disease3, 17.
In low-income countries, HEV
genotypes 1 and 2 are responsible for causing
both outbreaks and sporadic cases. In these
countries, the incidence of HEV infection is the
highest. The lack of access to clean water, the
bad sanitation and sewerage system are the
most important reasons for HEV infections in
these hyperendemic areas; a seasonality of the
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HEV outbreaks has been observed, especially
after the rainy season when the water exceeds
the normal level and thus the risk of
contamination from drinking of sewage water
is significantly high2. 18.
In developed countries, HEV
genotype 3 and 4 are responsible for zoonotic
acute sporadic hepatitis, mainly through the
consumption of undercooked pork meat. In
Europe, genotype 3 is the predominant
genotype causing few reported self-limiting
infections in France, Germany, UK, Spain, and
the Netherlands every year. In general,
infections with the Hepatitis E virus genotype
1 and 2 are more dangerous, with a higher
possibility of complications and mortality rates
(0,5%-4%) compared to the infections with
genotype 3 or 4, which are less severe but able
to
cause
chronic
hepatitis
in
3. 19
immunosuppressed individuals .

HEV seroprevalence
As the diagnosis of HEV infection is based on
serology, IgM anti-HEV detection is an
indicator of the HEV prevalence in the region.
In areas with high HEV incidence, the
seroprevalence is expected to be remarkably
high20. Consequently, Asia and Africa show the
highest HEV seroprevalence worldwide, while
in Europe, an increasing trend in the zoonotic
acute hepatitis cases has been observed the last
decade21, 32. The seroprevalence seems to be
different between the urban and the rural areas,
with the last showing higher levels of IgM antiHEV as the population in rural areas is more
vulnerable to HEV infection due to difficult
access to clean drinking water and the presence
of domestic animals near the human habitation,
especially in the low-income countries22.
Interestingly, the detection of IgGantibodies against the hepatitis E virus is
different between children and adults, with few
published studies to prove that the HEV
seroprevalence is age-dependent and tends to

rise with the age18, 23. The reason behind it is
still unclear, but a possible explanation could
be the hormonal changes during the transition
from child to adult, which could influence the
immune response and reactivity to the virus.
Furthermore, the adult’s risky behaviour,
including
interactions
with
animals,
consumption of undercooked swine meat, or
bad personal hygiene, could also be risk factors
that result in higher IgG anti-HEV
seroprevalence in adolescence and adults
compared to young children22,24.

Bangladesh
Bangladesh, as part of South Asia, is a
hyperendemic country for hepatitis E virus
infection with numerous sporadic cases as well
as outbreaks every year. The HEV genotype 1
is the dominant genotype, whereas genotypes 3
and 4 are completely absent. Various studies
have confirmed that HEV outbreaks show a
seasonal pattern exactly after flooding,
especially in rural areas where the risk of HEV
outbreak is higher in comparison to the urban
areas22, 25, 26.
Numerous acute viral hepatitis E
outbreaks have been reported in Bangladesh
the last decades, resulting in high morbidity
and even mortality in specific cases. In 2010, in
the urban areas of Bangladesh, 4751 people got
infected with HEV through contaminated
drinking water, and 17 of them died, indicating
a high mortality rate among pregnant women
and their infants27. The last year’s HEV
outbreak in Chittagong city accounted for 300
individual cases, mainly between 21-40 years
old and 5 deaths, of which 4 were pregnant
women. As the majority of the HEV infection
in the country, this outbreak was most likely to
be caused by the contaminated municipal
drinking water system28. Unfortunately, there
is no data for HEV surveillance in Bangladesh.
However, few studies have demonstrated that
HEV is the leading cause of acute viral
28
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hepatitis and acute liver failure in the country29,
30
.
In 2009, Labrique et al., conducted a
population-based cohort study in Bangladesh,
showing that among 1,136 participants, the
highest HEV seroprevalence was detected in
the age group 36-40 years (43,5 %) whereas, in
children and young people (1-15 years), the
seroprevalence was significantly lower24. In
2015, the anti-HEV seroprevalence in the age
group 16-40 years was 22,5%. Since then, the
improvement in the sewerage system, better
sanitation, and easier access to clean drinking
water have remarkably reduced this proportion,
which becomes smaller and smaller for every
year.

Pregnancy & HEV infection
Hepatitis E virus infection could cause, under
specific circumstances, severe manifestations,
especially in pregnant women31,32. In general,
HEV infection leads to a self-limiting disease
with a total duration of approximately 40 days.
In rare cases, the virus could lead to
complicated manifestations and cause severe
acute liver failure, known as fulminant
hepatitis. Pregnant women are considered a
high-risk group for fulminant hepatitis if they
get the infection during the second or third
trimester of pregnancy 10. Miscarriage,
stillbirth, preterm delivery, and even maternal
and neonatal mortality are the most critical
complications of this infection. According to
WHO, the fatality rate due to hepatitis E
infection during the three first trimesters of the
pregnancy can reach an extreme proportion of
20%32. It is important to clarify that the
probability for pregnant women to get infected
with Hepatitis E is the same as for the general
population. However, it is the severity of the
clinical manifestations and the increased risk
for acute liver failure during the pregnancy and
the third trimester that is linked to the high
levels of mortality 33, 34.

Several studies have documented that
infection with Hepatitis E virus genotype 1
during the third trimester of pregnancy is
highly associated with maternal and neonatal
death 35. The mechanism behind the dramatic
consequences of this genotype in pregnant
women is not well understood yet, but it is
believed that the immunologic and hormonal
changes during these 9 months are possibly
involved31. Numerous studies have proved that
during pregnancy, the maternal immune
responses need to be altered to allow the
normal development of the foetus to avoid the
immune rejection of it. Increased production of
IL-10 and Treg cells activation are associated
with decreased proinflammatory cytokine
responses resulting in the overall repression of
the T cell-mediated immunity36, 37. In addition,
the hormonal alterations and the augmented
levels of steroid hormones, such as
progesterone and oestrogen, which have been
shown to affect the hepatic cells, are probably
involved in the moderated maternal immunity
and the adverse complications of the HEV
infection, favouring the viral replication38, 39, 40,
41
.
The transplacental transmission of
hepatitis E virus is another important aspect of
the infection linked to perinatal morbidity and
mortality. In 1995, a study from Khuroo et al.,
found that 5 out of 8 examined infants got HEV
infection through their mothers, revealing the
importance of a mother-to-foetus transmission
route42. A few years later, another study of the
same research team detected IgG anti-HEV in
15 out of the 19 newborn babies from infected
mothers while IgM anti-HEV have been
detected in 5/9 neonates in the study of Zaki et
al., reaching occasionally 100% transmission
from the infected mother with acute HEV
infection to their infants. In most the cases,
vertical transmission to neonates is associated
with clinical symptoms such as increased levels
of liver enzymes, jaundice and even fatal acute
29
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hepatic failure syndrome with hypothermia and
hypoglycaemia and neonatal death within the
first days43, 44, 45. On the other hand, infected
pregnant women with asymptomatic infection
can still transmit the virus to their foetus but in
this case the disease is self-limiting and not
life-threatening for the babies34.
In Bangladesh, Hepatitis E infection
during pregnancy is associated with high levels
of morbidity and mortality both for the mothers
and the neonates24, 26. In 2009, Mahtab et al
estimated that infection with the virus during
the third trimester of pregnancy was associated
with 80% of maternal mortality26. In 2015,
20% of the total miscarriages and stillbirths in
Bangladesh was due to Hepatitis E virus
infection. The general improvement of the
living conditions, personal hygiene and
sewerage system the last years results in a
decreasing HEV infection during pregnancy,
with the previous 20% to show a continuous
reduction. However, in the systematic review
of Sultana et al the socioeconomic status and
the educational level seem to be closely related
with HEV infection among the pregnant
women, highlighting once again the emergent
need for better education and awareness of
women about the risk factors and prevention of
HEV during pregnancy46.

Prevention
Since HEV is a waterborne virus, the risk of
infection can be reduced by water disinfection
e.g., by boiling or chlorination of water.
Unfortunately, this virus is spread mainly in
rural and low-income settings where safe water
is uncommon, and poverty limits boiling and
chlorination of the water that is later used for
drinking47. Sanitation of water is an effective
but challenging intervention to apply in these
areas, consequently leading scientists to
emphasize the need to find a vaccine against
HEV.

Vaccination
The only available HEV vaccine, HEV239
(Hecolin©), has been developed by Xiamen
University and Innovax Biotech in China48.
Pakistan, India, Thailand, the USA, Indonesia,
and Bangladesh have started its registration.
However, the vaccine has not been approved in
countries other than China49.
The active agent of Hecolin©
(HEV239) is a 239 aa HEV peptide of the
capsid protein of HEV, which is produced
recombinantly from a genotype 1 Chinese
strain in Escherichia coli32. The phase III field
trial of this vaccine has been performed in
Jiangsu province in China in healthy adults
from 16 to 65 years of age. The enrolled adults
received 3 doses of Hecolin© intramuscularly
at 0, 1, and 6 months50. The promising results
of the study showed that the vaccine has an
efficacy of 86.8%, and 87% of the adults who
received three doses maintained HEV
antibodies for at least 4.5 years. Moreover, no
concerns about the safety of the vaccine have
been reported yet51.

Vaccination trial in Bangladesh
Since the vaccine had encouraging results in
China, Icddr,b started a field trial in Matlab
Bazar, a rural part of the Chittagong division
with a high-density population. In this area,
hepatitis E is endemic and is a major concern
for children and mother health28. The Chinese
trial inspired the study’s design, however, only
women in their fertile period have been
enrolled since it is the population with the
worst outcomes during infection. 20 000 nonpregnant women between 16-39 years old have
been enrolled for the study. They received 3
doses of Hecolin© (0,1month,6month), and
their seroprevalence was checked before and
after the trial. The women were followed
during the trial to detect signs of side effects
orany infections.
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The vaccination in Matlab Bazar has
been completed on this day, but the population
has to be followed up for 2 years to ensure the
long-term efficacy of the vaccine. We are
looking forward to reading the results and hope
that the vaccine is as effective as in China. As
Doctor K. Zaman said: “If the hepatitis E
vaccine is proven effective, it will open a new
era to further reduce maternal deaths and
prevent complications during pregnancy,
particularly in developing countries.” 48.
CONCLUSIONS
HEV was initially identified in the late 1970s,
and it has become a leading cause of acute
Hepatitis around the world, being recognized
as a virus with particular characteristics and
even classified within its own family.
Genotypes 1 and 2, endemic in developing
countries
and
producing
water-borne
outbreaks, are the most important within all the
genotypes, transmitted through the faecal-oral
route and producing generally asymptomatic
infections. However, some patients develop a
potentially deadly form of infection: an acute
liver failure.
Hepatitis E virus has a worldwide
distribution. It can cause both outbreaks and
sporadic cases, and the highest HEV
seroprevalence is detected in Africa and Asia.
In developing countries such as Bangladesh,
the lack of clean drinking water, bad sanitation,
and sewerage system increase the risk of
infection. Pregnant women are considered a
high-risk group for fulminant hepatitis,
especially if they get infected during the third
trimester of the pregnancy, resulting in high
maternal morbidity and mortality. Stillbirth,
miscarriage and preterm delivery are the most
common clinical complications of the infection
for pregnant women. In neonates, the vertical
transmission of the virus can cause jaundice,
increased liver enzyme levels, and acute

hepatic failure syndrome, which is, in most
cases, fatal.
Since the disease can lead to death,
prevention of infection has to be established in
the affected areas. One of the most effective
actions is the sanitation in water and the
increase of hygiene. However, boiling and
chlorination of water can be challenging in
low-income areas because of the financial
limitations. Scientists have been working on
the development of a vaccine that would
protect the population. China developed a
vaccine: Hecolin© that has been tested in
Chinese rural areas. The results were positive,
and the antibodies were maintained in the
vaccinated population for at least 4.5 years.
Icddr,b, inspired by the Chinese study, started
a trial in Matlab Bazaar, in which they
vaccinated women in their fertile period. The
results
will
be
published
shortly.

ACKNOWLEDGMENT
We would like to thank K. Zaman and P. Saha
for their time and the useful discussion.

REFERENCES
1. Khuroo MS. Study of an epidemic of non-A, non-B
hepatitis. Possibility of another human hepatitis
virus distinct from post-transfusion non-A, non-B
type. Am J Med. 1980 Jun;68(6):818–24.
2. Wang Y, Zhao C, Qi Y, Geng Y. Hepatitis E Virus.
In: Wang Y, editor. Hepatitis E Virus [Internet].
Dordrecht: Springer Netherlands; 2016. p. 1–16.
(Advances in Experimental Medicine and
Biology).
Available
from:
https://doi.org/10.1007/978-94-024-0942-0_1.
3. Donnelly MC, Scobie L, Crossan CL, Dalton H,
Hayes PC, Simpson KJ. Review article: hepatitis
E—a concise review of virology, epidemiology,
clinical presentation and therapy. Alimentary
Pharmacology & Therapeutics. 2017;46(2):126–
41.
4. Rein DB, Stevens GA, Theaker J, Wittenborn JS,
Wiersma ST. The global burden of hepatitis E
virus genotypes 1 and 2 in 2005. Hepatology.
2012 Apr;55(4):988–97.

31

Infection Biology in a Global Perspective – Uppsala University & International Centre Diarrhoeal Research, Bangladesh
Infection Biology’s Global Health Journal 2019

5. Hoofnagle JH, Nelson KE, Purcell RH. Hepatitis E.
New England Journal of Medicine. 2012 Sep
27;367(13):1237–44.

17. Kamar, N., Dalton, H.R., Abravanel, F., Izopet, J.,
2014. Hepatitis E Virus Infection. Clin.
Microbiol. Rev. 27, 116–138.

6. Kamar N, Selves J, Mansuy J-M, Ouezzani L, Péron
J-M, Guitard J, et al. Hepatitis E virus and
chronic hepatitis in organ-transplant recipients. N
Engl J Med. 2008 Feb 21;358(8):811–7.

18. Izopet, J., Labrique, A.B., Basnyat, B., Dalton,
H.R., Kmush, B., Heaney, C.D., Nelson, K.E.,
Ahmed, Z.B., Zaman, K., Mansuy, J.-M.,
Bendall, R., Sauné, K., Kamar, N., Arjyal, A.,
Karkey, A., Dongol, S., Prajapati, K.G.,
Adhikary, D., 2015. Hepatitis E virus
seroprevalence in three hyperendemic areas:
Nepal, Bangladesh and southwest France. J. Clin.
Virol. 70, 39–42.

7. Holla RP, Ahmad I, Ahmad Z, Jameel S. Molecular
virology of hepatitis E virus. Semin Liver Dis.
2013 Feb;33(1):3–14.
8. Suneetha PV, Pischke S, Schlaphoff V, Grabowski J,
Fytili P, Gronert A, et al. Hepatitis E virus
(HEV)-specific T-cell responses are associated
with control of HEV infection. Hepatology. 2012
Mar;55(3):695–708.
9. Nanda SK, Panda SK, Durgapal H, Jameel S.
Detection of the negative strand of hepatitis E
virus RNA in the livers of experimentally
infected rhesus monkeys: evidence for viral
replication. J Med Virol. 1994 Mar;42(3):237–
40.
10. Emerson SU, Purcell RH. Hepatitis E virus. Rev
Med Virol. 2003 Jun;13(3):145–54.
11. Scobie L, Dalton HR. Hepatitis E: source and route
of infection, clinical manifestations and new
developments. J Viral Hepat. 2013 Jan;20(1):1–
11.
12. Lee G-H, Tan B-H, Teo EC-Y, Lim S-G, Dan Y-Y,
Wee A, et al. Chronic Infection With Camelid
Hepatitis E Virus in a Liver Transplant Recipient
Who Regularly Consumes Camel Meat
and Milk.
Gastroenterology.
2016
Feb;150(2):355–357.e3.
13. Allweiss L, Gass S, Giersch K, Groth A, Kah J,
Volz T, et al. Human liver chimeric mice as a
new model of chronic hepatitis E virus infection
and preclinical drug evaluation. J Hepatol. 2016
May;64(5):1033–40.
14. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya
K, Aboyans V, et al. Global and regional
mortality from 235 causes of death for 20 age
groups in 1990 and 2010: a systematic analysis
for the Global Burden of Disease Study 2010.
The Lancet. 2012 Dec 15;380(9859):2095–128.

19. Hartl, J., Wehmeyer, M.H., Pischke, S., 2016.
Acute Hepatitis E: Two Sides of the Same Coin.
Viruses 8.
20. Murrison, L.B., Sherman, K.E., 2017. The Enigma
of Hepatitis E Virus. Gastroenterol. Hepatol. 13,
484–491.
21. Ankcorn, M.J., Tedder, R.S., 2017. Hepatitis E: the
current state of play. Transfus. Med. 27, 84–95.
22. Kmush, B., Wierzba, T., Krain, L., Nelson, K.,
Labrique, A.B., 2013. Epidemiology of Hepatitis
E in Low- and Middle-Income Countries of Asia
and Africa. Semin. Liver Dis. 33, 015–029.
23. Goto, K., Ito, K., Sugiura, T., Ando, T., Mizutani,
F., Miyake, Y., Kawabe, Y., Sugiyama, K.,
Togari, H., 2006. Prevalence of Hepatitis E Virus
Infection in Japanese Children. J. Pediatr.
Gastroenterol. Nutr. 42, 89–92.
24. Labrique, A.B., Zaman, K., Hossain, Z., Saha, P.,
Yunus, M., Hossain, A., Ticehurst, J.R., Nelson,
K.E., 2010. Epidemiology and Risk Factors of
Incident Hepatitis E Virus Infections in Rural
Bangladesh. Am. J. Epidemiol. 172, 952–961.
25. Labrique, A.B., Zaman, K., Hossain, Z., Saha, P.,
Yunus, M., Hossain, A., Ticehurst, J., Nelson,
K.E., 2009. Population Seroprevalence of
Hepatitis E Virus Antibodies in Rural
Bangladesh. Am. J. Trop. Med. Hyg. 81, 875–
881.

15. Kumar A, Saraswat VA. Hepatitis E and Acute-onChronic Liver Failure. J Clin Exp Hepatol. 2013
Sep;3(3):225–30.

26. Mahtab, M.-A., 2015. Epidemiology of Viral
Hepatitis and Liver Diseases in Bangladesh.
Euroasian J. Hepato-Gastroenterol. 5, 26–29.
Mamun-Al-Mahtab, Rahman, S., Khan, M.,
Karim, F., 2009. HEV Infection as an Aetiologic
Factor for Acute Hepatitis: Experience from a
Tertiary Hospital in Bangladesh. J. Health Popul.
Nutr. 27, 14–19.

16. Emerson SU, Nguyen H, Graff J, Stephany DA,
Brockington A, Purcell RH. In vitro replication
of hepatitis E virus (HEV) genomes and of an
HEV replicon expressing green fluorescent
protein. J Virol. 2004 May;78(9):4838–46.

27. Gurley, E.S., Hossain, M.J., Paul, R.C., Sazzad,
H.M.S., Islam, M.S., Parveen, S., Faruque, L.I.,
Husain, M., Ara, K., Jahan, Y., Rahman, M.,
Luby, S.P., 2014. Outbreak of Hepatitis E in
Urban Bangladesh Resulting in Maternal and

32

Infection Biology in a Global Perspective – Uppsala University & International Centre Diarrhoeal Research, Bangladesh
Infection Biology’s Global Health Journal 2019

Perinatal Mortality. Clin. Infect. Dis. Off. Publ.
Infect. Dis. Soc. Am. 59, 658–665.
28. Biswas, R.S.R., Hasan, F.U., Sultana, A., Uddin,
M.K., Chowdhury, D., Rosy, S.N., Mamun,
S.M.H., 2019. A Documentation of Hepatitis
Outbreak in Chittagong. Chattagram Maa-OShishu Hosp. Med. Coll. J. 17, 2–5.

39. Morel, Y., Roucher, F., Plotton, I., Goursaud, C.,
Tardy, V., Mallet, D., 2016. Evolution of steroids
during pregnancy: Maternal, placental and fetal
synthesis. Ann. Endocrinol., 59e Journées
Internationales d’Endocrinologie, Clinique
Henri-Pierre Klotz (09/06-10/06/16, Paris)
Hormones et grossesse / Hormones and
Pregnancy 77, 82–89.

29. Khuroo, Mohammad S, Khuroo, Mehnaaz S,
Khuroo, N.S., 2016. Hepatitis E: Discovery,
global impact, control and cure. World J.
Gastroenterol. 22, 7030.

40. Navaneethan, U., Mohajer, M.A., Shata, M.T.,
2008. Hepatitis E and Pregnancy- Understanding
the pathogenesis. Liver Int. Off. J. Int. Assoc.
Study Liver 28, 1190–1199.

30. Sheikh, A., Sugitani, M., Kinukawa, N., Moriyama,
M., Arakawa, Y., Komiyama, K., Li, T.-C.,
Takeda, N., Ishaque, S.M., Hasan, M., Suzuki,
K., 2002. Hepatitis e virus infection in fulminant
hepatitis patients and an apparently healthy
population in Bangladesh. Am. J. Trop. Med.
Hyg. 66, 721–724.

41. Thiele, K., Diao, L., Arck, P.C., 2018.
Immunometabolism, pregnancy, and nutrition.
Semin. Immunopathol. 40, 157–174.

31. El Sayed Zaki, M., El Razek, M.M.A., El Razek,
H.M.A., 2014. Maternal-Fetal Hepatitis E
Transmission: Is It Underestimated? J. Clin.
Transl. Hepatol. 2, 117–123.

43. Khuroo, M.S., Kamili,
Clinical course and
vertically transmitted
infection in babies
mothers. J. Viral
2893.2009.01101.x

32. WHO, Hepatitis E. https://www.who.int/newsroom/fact-sheets/detail/hepatitis-e
(accessed
11.12.19).
33. Boccia, D., Guthmann, J.-P., Klovstad, H., Hamid,
N., Tatay, M., Ciglenecki, I., Nizou, J.-Y.,
Nicand, E., Guerin, P.J., 2006. High Mortality
Associated with an Outbreak of Hepatitis E
among Displaced Persons in Darfur, Sudan. Clin.
Infect. Dis. 42, 1679–1684.
34. Kumar, A., Beniwal, M., Kar, P., Sharma, J.B.,
Murthy, N.S., 2004. Hepatitis E in pregnancy.
Int. J. Gynecol. Obstet. 85, 240–244.
35. Bergløv, A., Hallager, S., Weis, N., 2019. Hepatitis
E during pregnancy: Maternal and foetal casefatality rates and adverse outcomes—A
systematic review. J. Viral Hepat. 26, 1240–
1248.
36. Denney, J.M., Nelson, E.L., Wadhwa, P.D., Waters,
T.P., Mathew, L., Chung, E.K., Goldenberg,
R.L., Culhane, J.F., 2011. Longitudinal
modulation of immune system cytokine profile
during pregnancy. Cytokine 53, 170–177.

42. Khuroo, M.S., Kamali, S., Jameel, S., 1995.
Vertical transmission of hepatitis E virus. The
Lancet 345, 1025–1026.
S., Khuroo, M.S., 2009.
duration of viremia in
hepatitis E virus (HEV)
born to HEV-infected
Hepat. 16, 519–523.

44. Kumar, R.M., Uduman, S., Rana, S., Kochiyil, J.K.,
Usmani, A., Thomas, L., 2001. Sero-prevalence
and mother-to-infant transmission of hepatitis E
virus among pregnant women in the United Arab
Emirates. Eur. J. Obstet. Gynecol. Reprod. Biol.
100, 9–15.
45. Zaki, M.E.S., Aal, A.A.E., Badawy, A., El- Deeb,
D.R., El-Kheir, N.Y.A., 2013. Clinicolaboratory
Study of Mother-to-Neonate Transmission of
Hepatitis E Virus in Egypt. Am. J. Clin. Pathol.
140, 721–726.
46. Sultana, G.Z., Moniruzzaman, M., Mannan, T.,
Sultana, R., 2018. Seroprevalence of Subclinical
HEV Infection in Healthy Pregnant Urban
Dwellers of Bangladesh: Identification of
Possible Risk Factors. J. Enam Med. Coll. 8, 85–
89.
47. Melgaço JG, Gardinali NR, Mello V da M de, Leal
M, Lewis-Ximenez LL, Pinto MA. Hepatitis E:
Update on Prevention and Control. BioMed Res
Int. 2018;2018:1–9.

37. Shah, N.M., Edey, L.F., Imami, N., Johnson, M.R.,
2019. Human labour is associated with altered
regulatory T cell function and maternal immune
activation. Clin. Exp. Immunol. cei.13384.

48. icddr,b - News [Internet]. [cited 2019 Nov 24].
Available from: https://www.icddrb.org/newsand-events/news?id=769&task=view

38. Chaudhry, S.A., Verma, N., Koren, G., 2015.
Hepatitis E infection during pregnancy. Can.
Fam. Physician 61, 607–608.

49. Kuo Shih JW. Advancements in Novel Vaccines
against Hepatitis E & Cervical Cancer at Innovax
[Internet]. Xiamen Innovax Biotech Co. Ltd;
2018.
Available
from:

33

Infection Biology in a Global Perspective – Uppsala University & International Centre Diarrhoeal Research, Bangladesh
Infection Biology’s Global Health Journal 2019

https://www.dcvmn.org/IMG/pdf/oct_31_2018_
-_james_shih.pdf.
50. Zhu F-C, Zhang J, Zhang X-F, Zhou C, Wang Z-Z,
Huang S-J, et al. Efficacy and safety of a
recombinant hepatitis E vaccine in healthy
adults: a large-scale, randomised, double-blind
placebo-controlled, phase 3 trial. The Lancet.
2010 Sep 11;376(9744):895–902.
51. Zhang J, Zhang X-F, Huang S-J, Wu T, Hu Y-M,
Wang Z-Z, et al. Long-Term Efficacy of a
Hepatitis E Vaccine. N Engl J Med. 2015 Mar
4;372(10):914–22.

34

Infection Biology in a Global Perspective – Uppsala University & International Centre Diarrhoeal Research, Bangladesh
Infection Biology’s Global Health Journal 2019

Dengue Fever Outbreak 2019 in Bangladesh: an Analysis of
Probable Causes and Development of Public Awareness
Carolina Persson, Linda Niemetz, Anishia Wasberg & Philip Karlsson
Dengue fever has become a major global health issue in recent years. Among other factors, global
warming, rapid urbanisation and increased vector occurrence contributed to the rise of dengue virus
infections worldwide. In 2019, a dengue fever outbreak hit the country of Bangladesh with almost
100,000 confirmed cases centred in the city of Dhaka. The outbreak was characterised by increased
severity and unusual symptoms. With an attempt to elucidate the impact of the 2019 dengue outbreak
in Bangladesh, we carried out a small-scale survey including two interviews with knowledgeable
people from both clinical and research backgrounds, and a questionnaire investigating the general
knowledge of dengue among the populations in urban and rural areas. The interviewed professionals,
Dr. Mohammad Shaiful Alam and Dr. Md. Abul Hasnat Sujon, both agreed that climate change and
rapid urbanization are key factors contributing to the extensive dengue outbreak. However, these
long-term factors can not solely explain the rapid increase of Dengue cases this year. Mutations in
the viral genome, antibody dependent enhancement and co-infections are possible mechanisms
contributing to increased severity and unusual symptoms. Dr. Alam stated the importance of vectorcontrol and vaccine research in order to quench the rapid global emergence of dengue, while Dr. Md.
Abul emphasized on the problems occurring due to limited doctor-patient time. In general, awareness
of dengue within the population seems to be growing in urban and rural areas. In conclusion, several
factors with long- and short-term impact contributed to the dengue fever outbreak 2019, and further
investigation of single factors will reveal deeper knowledge, important to combat recent and future
outbreaks.

Figure 1. Geographical distribution of dengue cases reported worldwide, August to October 2019. 5
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INTRODUCTION
Dengue fever has evolved towards a major
global health problem. The incidence of the
disease has increased dramatically around the
globe over the last decades with estimated 390
million dengue virus infections per year of
which 96 million manifest clinically.1
However, the risk of infection exists in 128
countries, comprising 3,9 billion people.2 70%
of the global burden is represented by Asia.3 As
the disease spreads to new areas, explosive
outbreaks have been occurring worldwide in
recent years (figure 1). 500,000 severe dengue
cases require hospitalization annually with a
case fatality rate of 2.5%. Yet, significant
improvement in case management through
capacity building at country level has led to a
decline in case fatality to less than 1% in many
countries, but the burden of disability-adjusted
life years (DALYs) remains high.3,4

Epidemiology
In the early 70s, only nine countries had
experienced dengue epidemics, and during the
last 50 years, the incidence of dengue has
increased 30-fold, undergone rapid expansion
becoming endemic in over 100 tropical
countries. Hence, dengue has advanced from
being a sporadic disease to a disease causing a
significant health burden on a global scale.1,6
Dengue is mainly transmitted via daytime
water container-breeding mosquitoes from the
genus Aedes: Aedes aegypti and Aedes
albopictus. Non-vector transmission can occur
in cases of blood transfusion, organ
transplantation, and other events involving
blood from an infected individual entering a
healthy person.7 The primary vector, Aedes
aegypti, is associated with urban areas and is
capable of blood-feeding from several people
within a brief timeframe. A. aegypti mainly
breeds in human-made artificial containers that
collect water. The less efficient vector, Aedes

albopictus, is more commonly found in rural
areas; however, the increase of the A.
albopictus mosquito population has expanded
its spatial distribution to urban areas as well.7
The vector proliferation cycles have high
adaptability to the human environment. The
vectors can quickly adapt to human-caused
environmental changes such as urbanization,
which bear a significant impact on the
expansion of the vector population.8
Since there is no intermediate host, and
principal viral circulation occurs between
humans and the vectors, the spatial distribution
of the mosquitoes greatly affects the Dengue
epidemiology. Thus, climate change is another
critical factor in the expansion of dengue,
facilitating the geographic expansion of the
vectors to more temperate regions.7,8

Symptoms & Manifestations
There are many hypotheses for how the name
“dengue” came to be. One theory is that the
word dengue originated from the Swahili
phrase “Ka dinga pepo” which was used in
religious terms to describe a person having
seizures due to possession of an evil spirit.
When the disease crossed East Africa to Cuba
in the late 19th century, “Ka dinga pepo” was
associated with the Spanish word dengue,
which means “careful” or “fastidious,” which
one can assume, describes the bearing of a
dengue patient with severe bone pain.9
Infection with any of the four serotypes
of dengue virus can cause a broad spectrum of
illnesses, from asymptomatic infections to
severe haemorrhagic fevers. The majority of
cases result in self-limiting infections, and a
smaller proportion of the severe cases usually
have clinical manifestations such as high fever,
excruciating bone pain, rashes, and vascular
dysfunction with or without bleeding.7,10
Depending on the clinical manifestations,
dengue can be classified into two different
2
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entities, Dengue Fever (DF) and Dengue
Haemorrhagic Fever (DHF). Patients that have
developed the more severe form (DHF) are also
at-risk of developing Dengue Shock Syndrome
due to plasma leakage, causing hypovolemic
shock.7
The clinical course of dengue fever is
divided into three phases: febrile, critical, and
recovery, which occurs after an incubation
period that ranges between 4 to 8 days. The
febrile phase traditionally has an abrupt onset,
including symptoms such as high fever, chills,
and malaise. The majority of these patients can
fully recover once the fever subsides without
experiencing the critical phase. The critical
phase occurs after another 4 to 6 days if there
is detectable plasma leakage. Respiratory
distress is a common symptom of the critical
phase due to fluid overload burdening the
lungs. Severe plasma leakage is associated with
the development of Dengue Shock Syndrome.
With good supportive care, most importantly
involving intravenous fluids, patients enter the
recovery phase and recover within 1-2
weeks.7,10

Outbreak of 2019
In 2019, a large outbreak of dengue fever
occurred in Bangladesh where almost 100,000
confirmed cases were reported within the year
(figure 2). In 2018, the number of confirmed
cases reached 10 000, which, compared to this
year 100,000 cases, already was considered an
unusually high amount. Along with the
increased number of cases, the number of
deaths exceeded the amount observed during
the first dengue outbreak of 2000 (93 cases) for
the first time, with a current death count of 112
in November 2019.11,12 The geography of
reported cases in Bangladesh has furthermore
been shown to expand this year, where patients
have been reported from all 64 districts of the
country for the first time.12
Following the first outbreak in the year
2000, dengue cases were limited to monsoon
season (May-August) and post-monsoon
season (September-December). However,
since 2014 dengue cases were observed and
reported already early in the pre-monsoon
season (January-April), leading to a seven
times increase in the number of dengue cases in
the following 2015-2017 compared to the

Figure 2. Year-wise dengue cases and in Bangladesh as of October 2019. 12
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previous 14 years combined.13 Apart from the
early reports of dengue cases, there is an
apparent semi-annual variation of all four
dengue serotypes that have been detected in
Bangladesh over the last few years. DENV3
was predominant from 2000 to 2002, but in the
following years no cases with DENV3 were
reported. DENV1 and DENV2 were found
responsible for the majority of cases between
2013 and 2016, but in 2017 the re-emergence
of DENV3 was once again confirmed.14

Research Purpose
In the last 50 years dengue has been considered
an increasing threat, causing over 800,000
disability adjusted life years (DALY) and
putting billions of people at risk. The increase
in awareness has nevertheless improved case
management at hospitals and vector control in
cities, which has led to a decline in case fatality.
However, this year Bangladesh suffered from
more cases than the last two decades combined,
with more case fatalities than ever before. The
outbreak statistics goes against the assumed
trends of the virus, and it is still not known why
the outbreak occurred, or why so many people
succumbed to the disease.
With the purpose to investigate how and why
the 2019 outbreak of dengue befell
Bangladesh, we shaped open-style questions
for discussion with local expertise (one medical
doctor and one researcher) at the International
Centre for Diarrhoeal Disease Research,
Bangladesh (ICDDR, B) along with one visit at
the Dhaka Medical College and Hospital where
dengue patients were treated. In addition to this
primary research focus, we moreover wanted to
investigate how the outbreak affected the
awareness and understanding of dengue among
local citizens in both urban (central Dhaka) and
rural (Matlab Bazar) areas of Bangladesh,
using translated self-assessing questionnaires.
The results from this study can hopefully

contribute in the understanding of how the
2019 outbreak of dengue in Bangladesh
occurred, and how it affected its citizens.

RESULTS
Interview with a Researcher
The interview with Dr. Mohammad Shafiul
Alam, who is working on vector borne diseases
with past and current projects on dengue virus
at the ICDDR,B, gave us a profound insight
into the dengue fever outbreak of 2019 from a
medical research perspective. Our questions
scrutinized socio-political status of vector
control, dengue serotype variations as well as
potential co-infections.
Dr. Alam started his elucidation with
some historical aspects. A first outbreak of
dengue fever in Bangladesh occurred in the
1960s, which was known as Dhaka fever.
Retrospective analysis identified dengue virus
type 3 (DENV3) as the causative agent.
However, dengue fever was not recognized in
Bangladesh until an outbreak occurred in year
2000, also caused by DENV3. 2016 and 2017
showed an increase in dengue cases caused by
dengue virus type 2 (DENV2). The outbreak of
2019 was again dominated by DENV3.
According to Dr. Mohammad Shafiul
Alam, many people may have been infected
with DENV2 in recent years and an infection
with DENV3 in 2019 may therefore led to
increased severity and unusual symptoms due
to
antibody
dependent
enhancement.
Antibodies from the first infection against
DENV2 may have supported viral virulence in
a second infection with DENV3. However,
mutations in virulence genes of DENV3 may
have also contributed to the disease pattern.
Another explanation is a possible coinfection with persistent Chikungunya
infections. Chikungunya, another virus causing
febrile illness, showed increased numbers of
cases in 2018 and can cause persistent
4
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infections. Secondary dengue infections in
2019 may, therefore, possibly led to increased
severity and unusual symptoms compared to
normal dengue infections. However, this
hypothesis requires further investigation.
Certain factors promoted further
spreading of dengue fever in recent years.
Dengue has lost its seasonality and occurs now
the whole year round with a peak during wet
season. A prolonged wet season in 2019, as a
result of climate change, increased the breeding
and occurrence of mosquitoes. Poor mosquito
control measures and vector resistance against
used insecticides corroborated to enhance the
number of mosquito. However, research of
mosquito surveillance in Bangladesh is not
very well implemented, which makes it
difficult to draw conclusions about the vector,
as Dr. Mohammad Shafiul Alam confirmed.
Newly developed vector control measures are
planned to be implemented in Bangladesh in
the near future including Wolbachia infection
of mosquitoes and sterile insect techniques.
Worldwide researchers are also working on
improved dengue vaccines to combat the
increasing threat.

Interview with a Medical Doctor
An interview with Dr. Md. Abul Hasnat Sujon,
working at the International Centre for
Diarrhoeal Disease Research, Bangladesh
(ICDDR, B) as a clinical trainer, was
conducted to give an insight of dengue fever in
a clinical perspective of Bangladesh. Several
questions concerning information on patient
hospitalization and the situation in Bangladesh
during the outbreak, as well as available
resources and the cost of treatment, were
discussed.
Dr. Md. Abul Hasnat Sujon clarified
the situation of patient hospitalization in
Bangladesh during the outbreak. According to
the interviewee, patients suspected with dengue

are categorized into three groups; 1) patients
with no warning signs 2) patients with warning
signs 3) severe cases. Patients in the first
category were normally sent back home with a
suggestion on drinking a lot of fluids, but if
they develop warning signs listed by the WHO,
such as a fever, the patient in question was told
to revisit the hospital for further treatment. In
contrary to the first category, patients from the
second and third categories required immediate
admission with close and frequent monitoring
for further signs of transition to the critical
phase after 2-7 days of fever. Thus, patients in
these stages are the most crucial to treat as they
are at risk of developing shock syndrome, for
which there is no proper medical care and
hence potentially fatal.
The hospital provided patients with
treatment such as fluid replacement and
Paracetamol. Dengue patients are known to
suffer from excruciating skeletal pain, often
referred to as “breakbone fever”, which usually
requires opioid treatment. As the symptom of
pain was not as prominent during the outbreak
of this year, Paracetamol was deemed
sufficient for pain suppression. Moreover,
hospitalized dengue patients were also
provided with bed nets, for both daytime and
night-time, to prevent spreading of dengue to
other hospitalized patients. Even though the
hospital cost per hospitalized dengue patient
was around 5,000 – 8,000 Bangladeshi Taka
per 5 days, the treatment was still free of charge
for the individual patient in the governmental
hospital.
During the 2019 outbreak, Dr. Md.
Abul Hasnat Sujon stated that the large load of
patients in combination with an inability of
governmental hospitals to deny patients
admission, led to an unbalanced doctor patient
ratio. According to the interviewee, most cases
can be treated at home, and for these patients
the doctors mainly gave council regarding selftreatment and protection against the infamous
5
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dengue vectors, Ae. Aegypti and Ae.
Albopictus, before sending them home. Prior to
the outbreak, dengue patients were usually
given the amount of time for consultation that
they required, but due to the restraints during
the outbreak, each patient was given
approximately one minute along with a written
information pamphlet. Less educated patients
with no ability of understanding/reading the
pamphlet were given extra time of consultation
before being sent home, if the patients
themselves asked for it.
In addition to the dengue information
provided by the hospital, the government also
delivered advertisement through e.g. standard
and electronic media. However, even though
this led to an increased awareness in the
population, and probably more true cases, the
advertisement also contributed to increased
self-diagnoses, leading to an overwhelming
number of concerned people visiting the
hospital to get treatment. According to Dr. Md.
Abul Hasnat Sujon, self-diagnosis could be one
of the factors contributing to the outbreak as an
increased number of people in the hospital give
less time for the doctors per patient, leading to
insufficient and misinterpreted information to
spread among relatives and friends of the
patients, which also increased community fear
and further self-diagnoses. As a consequence,
some self-diagnosed, less educated patients
obtained drugs against body ache, such as
potent NSAIDs (e.g. Ibuprofen) through the
local pharmacy. Intake of drugs such as
Ibuprofen increases the risk of bleeding which
led to several patients coming late to the
hospital with severe symptoms.
Reflecting on the differences in
dengue between last year and this year, the
interviewee mentioned two points; dengue
serotypes and change of clinical symptoms.
Circulation of DENV2 had been predominant
prior to this year while DENV3 was most
frequently found among the patients of this

current year. The distinct change of symptoms
for this outbreak included less skeletal pain,
diarrhoea, abdominal pain, cardiac issues,
encephalopathy, blood in vomit and stool, as
well as increased muscle pain.

Survey
investigation
with
population of Bangladesh

the

Surveys were performed in two geographically
and socio-economically different areas, Banani
street of central Dhaka and rural villages of
Matlab Bazar. The survey was designed in a
question with a tick-box setup, first in English
and later translated to Bangla by a native
speaker. The questionnaire contained nine
questions designed to capture data on age,
gender, living area and knowledge of dengue
before and after the outbreak). Due to the socioeconomic standards of Banani street, random
participants of this area were assumed to be
able to read and understand Bangla, and to
provide tick-box answers to questions. Due to
limitations in literacy in rural areas of Matlab,
a
communicator/interpreter
participated
throughout the survey visits.
To estimate how the participants
assumed their knowledge about dengue to
increase during the outbreak, questionnaire
questions six and seven were used. To reduce
the effect of memory bias towards knowledge
from the previous year, the question about
current dengue knowledge was asked first. In
central Dhaka, about 53.3% of the participants
estimated that their knowledge had increased
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Figure 3. Data based on questionnaire questions six and seven, asking about self-assumed knowledge on a scale 1-5,
about dengue before and after the dengue outbreak of 2019. Dark orange represents change in assumed knowledge,
lighter orange indicates no change in assumed knowledge. Answers with the same origin and endpoint has been slightly
offset for data clarification. A. Answers collected from rural villages in Matlab Bazar. B. Answers collected from the
Banani street in Central Dhaka.

during the outbreak, in Matlab this assumed
increase was 69.2%. No one answered that
their knowledge had decreased, but instead the
remaining answers were that no change in
knowledge had occurred (figure 3). When
looking at answers to question nine, the
majority of people managed to correctly
identify open water sources, but factors waste,
tires and lack of nets on doors and windows
were only occasionally identified. Even insect
bites were neglected in almost 50% of the cases
in both Matlab and Dhaka (data not shown).
In pursuance to elucidate how
information about dengue is spread to and
among the general population, survey question
8 asked where the participant received
information about dengue. Information sources
received from authorities were more common
in central Dhaka were 64% of participants
received
information
from
healthcare
professionals, and 36% of the participants
received knowledge from the news (figure 4).
In rural areas of Matlab, spreading information
via person to person occurred more frequently
with 50% of the participants answered that they

received information from friends and
relatives. However, in Matlab, the majority of
participants received their information from
different news platforms. Social media
platforms could be used to spread information
from both authorities and civilians.
The second question of the survey
asked for the gender of the participants. Figure
5 illustrates the gender distribution of the
participants in central Dhaka and Matlab. Men
were overrepresented among the participants in
central Dhaka with 71%. In Matlab, however,
the gender distribution shifted to the opposite,
overrepresenting women who counted for 75%
of the participants.
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Figure 4. Data illustrating the dengue information source of survey participants from Dhaka and rural areas
of Matlab.

Figure 5. Data illustrating the gender distribution of survey participants from Dhaka and the rural areas of
Matlab bazar. The gender option “other” has been excluded from the graph since all participants identified
themselves as either “Male” or “Female.”
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DISCUSSION
Within the last decades Bangladesh
experienced a rise in dengue fever cases and
thereby reflects the global trend of increasing
health burden of the dengue virus. The
increased incidence mounts in this year’s
dengue fever outbreak with rocketing patient
numbers. Globally, as well as in Bangladesh as
an example, several factors contribute to the
rise of dengue. Global warming is changing the
climate in all parts of the world and also affects
the monsoon season in tropical and subtropical
regions. Prolonged wet seasons promote
mosquito breeding and occurrence and increase
the spread of infectious diseases transmitted by
these and other vectors. This contributes to the
loss of seasonality of dengue fever in
Bangladesh. Another global trend affecting the
spread of dengue virus is the rapid
urbanisation. People are moving from the
countryside to the cities which become more
and more crowded and require a developed
infrastructure and waste management.
Especially lower income countries like
Bangladesh cannot keep up with the rapid
growth of urban areas. Furthermore,
urbanisation promotes the spread of certain
vectors. Aedes aegypti, also known as a city
mosquito, is indigenous in urban areas. It has
the ability to breed in very small water
containers which can be found in concerning
numbers in cities with poor waste management
like Dhaka. Certain construction issues, like
narrow gaps between houses where people tend
to dump waste, corroborate this aspect.
Implementing
research
on
mosquito
surveillance would generally give a deeper
insight into the importance of vector
occurrence and would give way for
implementation and serious performance of
vector control measures.
Summarized, climate change and rapid
urbanisation clear a way for Ae. aegypti and

Dengue virus in the long term. However, the
dengue fever outbreak in Bangladesh appeared
very sudden this year and can not only be
explained by the above-named factors.
Furthermore, the outbreak was accompanied by
increased severity and unusual symptoms. Up
until now, only assumptions can be made about
the reasons behind this unusual clinical picture.
Mutations in the genome of the virus is a
probable explanation, as RNA viruses are
known to be able to change rapidly.
Sequencing of the outbreak causing virus strain
will give answers to this question but has not
yet been performed. Antibody dependent
enhancement due to repetitive infections with
different dengue serotypes, may explain the
severity of the outbreak cases and is supported
by the increased number of dengue cases in
recent years globally. Closer insights into
patient histories could give answers if this has
contributed to the increased severity, but is
hard to perform in countries like Bangladesh,
where the healthcare system and surveillance is
in need of further development. Same
conclusions can be drawn about other coinfections as explanations for increased
severity and unusual symptoms. Further
research on co-infections of Dengue virus and
Chikungunya and possible other tropical
infections will give a clearer view on that in the
future and should not be neglected.
The rapid increase of Dengue cases
this year led to several issues in hospital
settings. As this year is the first year of having
reported dengue cases in all 64 districts in
Bangladesh, several districts have been
interacting with dengue patients for the first
time. Thus, inexperienced doctors in
combination with multiple novel symptoms,
could have contributed to an increase in
difficulty of clinically diagnosing patients. In
consequence, the probable inability of, for
instance, judging the amount and time of fluid
replacement, most likely led to inappropriate
9
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treatment of dengue patients and more severe
outcomes. Furthermore, the increased number
of cases also contributed to a hectic
environment and insufficient information most
likely reached the patient. The preventive
measures, supposedly explained by the doctors,
ended up being no more than a few suggestions
together with the information pamphlets.
Although Dhaka working class citizens might
be able to interpret pamphlets, women or
certain group minorities which are not given
the opportunity, as well as citizens in rural
areas, are often provided less education which
consequently results in increased illiteracy. In
groups where illiteracy is a problem there will
be a gap in understanding the pamphlets,
leading to insufficient information received on
treatment or protective measures against
vectors. More focus could be directed towards
properly identifying these minorities in the
future, so that proper information is delivered
to all, no matter the level of education. In
scenarios where misinformed patients obtain
medication through the local pharmacy, an
increase in number of severe cases had to visit
the hospital. Local pharmacists could also
make out a future target for intervention, by e.g.
educating pharmacists about the danger of
providing drugs such as Ibuprofen for patients
suffering from dengue. This would also
empower their role in decreasing the risk of
severe cases. Areas that are accustomed to
diagnosing and treating dengue patients did not
encounter the same problem as new areas, but
the problem of having less time per patient
remained.
To assess the awareness of dengue
fever in the population, surveys were
performed in Dhaka and Matlab. As previously
illustrated in the questionnaire results, the
assumed knowledge about dengue after the
outbreak increased with between 50-70%,
depending on whether the questions were given
in central Dhaka or rural Matlab. The assumed

knowledge increase in Matlab surpassed Dhaka
by approx. 20%, which perhaps should not be
unexpected. Dhaka city has been the major
location for recurrent infections with the
dengue virus in the past, and the rural areas has
been relatively spared, so this year’s
introduction of rural dengue cases could be the
first encounter for many of the Matlab citizens.
A worryingly large share of the Dhaka
participants did however answer that they knew
very little about dengue both before and after
the outbreak, and surprisingly few selected
insect bites as a risk factor for disease
transmission (data not shown). Taken along
with that nearly no participants identified the
lack of door and window nets as a risk factor
seems to indicate that it is not widely
understood how the disease is actually
transmitted, i.e. with mosquitoes. The majority
of participants did correctly choose open water
sources however, demonstrating that the
fundamental reason for the existence of dengue
might be partly understood, but then again
many missed to identify waste and car tires. A
potential limitation of the questionnaire in this
regard would be a possible misinterpretation of
mosquitoes as a group of pests other than
insects, hence leading to an active choice not
ticking insect bites as a risk factor.
Besides assessing the awareness of
dengue fever in the population, the surveys
performed in urban and rural regions, also
evaluated how the knowledge about dengue
was received. It is prominent from the surveys
that there is a difference in information sources
depending on the habitational region. The fact
that only 25% of Matlab participants received
information from healthcare personnel reflects
the injustice that people living in rural areas do
not have the same capability of visiting
hospitals and primary healthcare facilities.
Additionally, people living in a rural area more
frequently received information from friends
and relatives, which could result in
10
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misinformation
and
contribute
to
misconceptions regarding dengue clinical
features and transmission. Since dengue
emergence and spread are strongly associated
with behaviour, erroneous information is a
threat to the ongoing work in suppressing
dengue emergence and spread. Social media,
news, and governmental advertisement were
those information sources that reached the most
people in both Dhaka and Matlab, which
suggests that these information platforms are
good sources to use in the future to preserve an
adequate foundation of knowledge in the
general population.
The gender distribution of the survey
evinces the conservative believes that permeate
Bangladesh. Commonly women are the ones to
stay home and take care of the family and
household while men are the primary, and often

the sole income of the family. Matlab
participants were approached in their homes
while Dhaka participants were randomly
approached on the streets in Banani district and
not surprisingly, the majority of Matlab
participants were female and vice versa for the
Dhaka participants.

CONCLUSION
To conclude this preliminary study, it is safe to
say that an array of environmental,
construction based, behavioural and sociopolitical factors contributed to the large dengue
outbreak of 2019 (figure 6). Lack of vector
management, increased breeding possibilities
and non-favourable city planning all
contributed to a rapid rise in the disease
carrying Aedes vector. The rapid spread of the
vector contributed to a multitude of cases and

Figure 6. The vicious system of factors contributing to the 2019 dengue outbreak
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demanded governmental action in the shape of
dengue
disease
advertisement.
The
advertisement and spread of word contributed
to a public fear of disease, and a large amount
of self-diagnosing citizens searched aid at
larger governmental hospitals. Along with the
already large set of cases, the increased burden
from self-diagnosing citizens reduced the time
doctors spent with each patient, leading to
reduced information about protection against
disease. A combination of misinformation and
fear contributed to self-treatment with drugs
increasing the risk of severe dengue. The selfassumed awareness of dengue fever generally
increased in Bangladesh, and especially so in
rural areas where the disease was previously
absent. A lack of trustworthy sources might
however have contributed to an absence of
proper knowledge about what vector carries the
disease, and how to best protect against it.
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Social Factors in Infectious Disease Transmission
Gustav Tällberg & Amanda Ahlström
Behaviour
Spread of infectious diseases is a complex
process. All the way from the symptoms, to
how people spread the diseases by how they
act. Depending on the different settings and
cultures around the world, the spread of disease
looks very different even though the diseases
might have the same basic characteristics all
around the world. But what are the different
factors that makes the diseases behave
differently around the world and what can be
done to prevent the spread of disease in
different settings? (1)
The culture and income level in the
different parts of the world is very different
between countries. Low- and middle-income
countries often face greater challenges with
infections than high income countries. People
in low- and middle-income countries are often
not able to afford the measures used in high
income countries used to prevent disease. This
instead means that they must face the burden of
the diseases directly. (2)
One of these low- and middle-income
countries is Bangladesh. Bangladesh is a
country in South Asia of about 160 million
people. The GNI per capita is about
$1,750/year and about one fifth of the
population lives under the national poverty
level. The majority of the population is
religiously Muslim, but the country is
constitutionally secular. (3)(5)

Food safety
Diarrhoeal diseases are one of the major causes
of illness in Bangladesh. One of the major risk
groups are children under 5 years of age, due to
factors such as undeveloped immune system,
malnutrition, or lack of breastfeeding.

Diarrhoeal diseases are generally caused by
contaminated food or water. Some of the most
common agents are viruses such as wintervomiting disease, parasites and bacteria such as
E. coli. The severity of the disease may vary
depending on which agent the person is
infected by. Indeed, the diarrhoea may cause
severe and life-threatening dehydration, if the
patient does not receive fluids and electrolytes
shortly. (4)

Routines and attitudes at home
Every year, 525 000 children under
the age of 5 are killed by diarrhoea, mostly due
to contaminated food or water (4). Bacteria,
virus and other infectious agents exists in
nature, and one will likely get infected by more
than one infectious agent during a lifetime.
However, transmission of food and waterrelated infectious diseases can be dramatically
decreased if the food is handled in a careful
way. The standard for handling food in the
kitchen includes hand-wash with soap and
water before cooking and eating, to rinse,
separate and cook raw foods and to store
leftovers in cold temperatures. (11) In an
interview with Shahana Parveen, assistant
scientist at Icddrb, she explained that the
majority of the people in Bangladesh have been
made aware of these standards in order to
prevent infectious diseases. (10) In fact, some
of the basic procedures regarding food hygiene
is taught in primary school. However, the use
of food hygiene practices in normal day life
usually reveals another side of the coin. Family
members usually wash their hands after dinner,
but not before dinner or after visiting the
bathroom. Moreover, in a study performed by
13
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the Bangladesh livestock research institute, the
researchers investigated the knowledge and
attitude regarding food hygiene. (6). It turns
out, a majority of the people in Dhaka and rural
areas of Bangladesh are aware of the
importance of proper food handling and storage
in order to keep food safe. In addition, a
majority of the population also believed that
they could smell or taste their way to knowing
if the food was safe to eat or not. It is true that
moulds can be seen by the naked eye, yet the
presence bacterial growth and their toxins in
food my not be seen or smelled. This means
that there is always a risk of the food being
contaminated with infectious agents if not
handled carefully. Indeed, food can easily get
contaminated with bacteria or virus by a simple
touch, and some could in turn survive even in
cold temperatures. Certainly, this will induce
the risk of receiving food poisoning if food
safety and hygiene are not taken seriously.
Taken together, it is clear that the
basic knowledge regarding food safety exists in
the population. Still, its practice has not
become second nature to a majority of the
population. According to CDC (Centre for
Disease Control and Prevention), proper
handwashing could save approximately a third
of all children that receives diarrhoeal
infections from food poisoning. (7). According
to Parveen, there has been an increased focus
on teaching children about hygiene in regard to
food safety in school. In turn the children
responded with big excitement and eagerness
to forward their knowledge to their parents. It
is clear that increased education amongst
children and adolescents will be one step in the
right direction, even though routines are hard to
change when it has persisted in the family for
years.

Chemicals as the biggest concern in
Bangladesh
Another interesting point was made
by the Bangladesh livestock research institute,
regarding the attitude of the people in
Bangladesh regarding food safety. A study was
performed to investigate which form of
contamination people were most afraid of.
Surprisingly, the study showed that the
majority were mostly concerned about
chemicals such as chromium in the food, due to
newspaper articles. According to Lindahl, the
articles most often state the harm but do not
discuss the low risks associated with the
chemicals. Certainly, chemicals could be a
danger to the human health, yet in some cases
such as iron, chemicals could actually be
necessary. Furthermore, their studies on
different types of food such as fish and chicken
showed low levels of heavy metals. In contrast,
the prevalence of bacteria in food was much
higher. It was believed by the study that a factor
driving the concern towards chemicals
originated from commercials. Unfortunately, in
areas with lower levels of education, it is
common that the people would rather put their
trust into commercials instead of the
recommendations provided in order to reduce
foodborne infections.
In conclusion, increased educations
among the population in Bangladesh may be
the first step to increase the understanding
regarding food safety.

Vector borne disease
Another major cause of concern is the spread
of disease via vectors, such as mosquitoes or
ticks. Diseases such as dengue, chikungunya
and malaria are some of the diseases which are
spread by mosquitoes in Bangladesh.
This year saw a record of the number of people
infected with dengue. (12) Close to 100 000
people have become diagnosed with dengue as
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of the beginning of November. (13) As these
diseases are spread by vectors, the rate of
transmission is very much affected by the
number of vectors. More vectors mean a higher
rate of transmission. The Aedes mosquitoes
responsible for transmitting dengue breeds in
water in subtropical urban and semi-urban
settings. The capital Dhaka is a mix of both
urban and semi-urban spaces, with many
building sites. Because of this, the capital is an
excellent breeding ground for the mosquitoes,
especially after the monsoon season. (12)

Changed land use
The demography of Bangladesh is
quickly changing. The previously young and
rural population is quickly changing into an
older and more urban population. This has very
big implications in how the transmission of
vector borne diseases spread. When many
people move into the cities, the cities need to
grow very rapidly. Many construction projects
need to be undertaken. These sites are often
filled with small puddles of rain, and other
small collections of water, which are excellent
breeding grounds for many vectors.
When the cities grow, the surrounding
land needs to be used for housing. The
surrounding land is often made up of forests
and wetlands, and when these are cleared for
human use it often disturbs the wildlife that is
living there. When the wildlife is disturbed, the
vectors associated with it follows. The more
active vectors are more likely to bite humans
and therefore transmit disease.
Another important aspect is climate
change. A changed climate could displace
millions of people into more and more crowded
spaces. This at the same time as there being
more floods and more violent monsoons. When
more areas get flooded, there will be more
places for mosquitoes to breed, and as a result
more mosquitoes able to transmit disease.

Hospital acquired infections
It is not uncommon to have many patients
carrying disease causing agents at the same
time in a hospital setting. Hence, a hospital
setting will serve as a greenhouse for bacteria
to grow and reproduce in, especially if the
hygiene standards are not followed properly.
Therefore, it is always a possibility that a
patient will receive another infection that was
not present in the patient from the beginning.
According to the WHO (World Health
Organisation), a majority of these cases occur
in the process of health care. (8) In a study
performed by Shahana Parveen, it was shown
that out of the 4500 patients who stayed at
Icddrb, 30% were due to hospital acquired
infections, in comparison to 9% in Sweden.
(10)(15) Indeed, if the caregiver does not
follow the standard hygiene practices such as
proper handwashing, the use of uniforms and
sterilization of equipment, infectious agents
will be easily transmitted from patient to
patient. (9)

Caring for a large amount of patients in
Bangladesh
In low and middle income countries
such as Bangladesh, it is not unusual that the
patients will be forced to stay in a very crowded
area. According to Parveen, the care workers
are forced to handle around 15 patients at the
same time (10). Parveen further explains that
help from visitors, such as family members,
many times are a given in the health-care
system. Because of the over-crowdedness in
hospitals, the caretakers will expect help from
the family with basic caring, as the care
workers do not have the time. In turn, the
visitors usually lack knowledge and education
about the transmission of disease and how to
protect themselves and the patient from getting
infected. This will not only increase the risk of
transmitting infectious diseases from patient to
15
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patient, it will also increase the risk of
transmitting infectious diseases between the
visitor and the patient.
An intervention was made by
Parveen, where Icddrb was provided with a kit
including diluted soap in water, and another
with
70%-alcohol
hand
disinfectant
respectively. These were applied to two
stations, to encourage the hospital personal to
wash their hands before working with patients.
The result showed that the use of handdisinfectant and soap-in-water respectively was
increased from almost 0% to 5% during this
time. For a low to middle income country this
meant a great success for the health care
system.

Hospital beds as a source of disease
transmission
Another interesting observation was made
from the study done by Parveen. An additional
source of transmission seemed to be linked to
the bedsheets on the hospital-beds. The bed is
usually composed of a rubber-mattress, in
some cases a bedsheet and a pillow with a
pillowcase. In order to prevent the transmission
of disease, the mattress should be properly
cleaned, and the sheets should be washed and
changed between the patients. Apparently, the
pillow was the major source of transmitting
infectious diseases between patients. Parveen
reasoned that it could be due to the patient
coughing, sometimes vomiting, salivating and
more in close proximity to the pillow. Yet, due
to lack of time and the amount of patients that
is in need of care, the standard hygiene routines
regarding hospital beds are unfortunately
overlooked. The mattress is usually just wiped
off instead of being properly cleaned, and then
the same one is used for the next patient. In
turn, the sheets will be asked to be brought by
the family of the patient. In many cases, the
family will only bring bed sheets but for some

reason not the pillowcase. As a result, the
pillowcase will not be changed between the
patients. This could therefore be the reason to
why to why the pillowcase serves as the major
source of transmitting infections in regard to
the hospital bed.

Figure 1. Cleaned rubber mattresses drying
outside Dhaka hospital, Matlab.

The use of protective
Bangladesh hospitals

clothing

in

According to Parveen, the lack of
protective barriers such as wearing gloves and
mouth-protection, are due to financial reasons.
It is too expensive for some low to middle
income countries to use disposable gloves and
nose masks when moving from one patient to
the next. In fact, when nose masks were needed
for the care of a patient, the family members
were asked to provide it for the hospital
themselves. Understandably, not all families
can afford nose mask, and as a result they are
not always used.
During an intervention done by
Parveen, a kit including gloves was provided to
the care workers to use when caring for
patients. Indeed, the gloves were used and
often changed between the patients with great
success. However, the reason behind the use of
gloves turned out to be due to self-protection,
and not so much for reducing transmission of
infection between the patients. On the contrary,
nose masks were only used by the doctors and
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care workers when performing invasive or
other serious form of care. The reason behind
this was because the nose mask was too
uncomfortable to wear and was therefore left
out by the care workers. Shahana reasoned that
more education to the healthcare workers about
why protective clothing’s are essential in order
to prevent hospital acquired infections.

One disease where there is a gender difference
is tuberculosis. Men are diagnosed with
tuberculosis to a greater extent than women.
This is both because men are more exposed to
the disease and because their tuberculosis gets
diagnosed. In short, there are both the
socioeconomic factors and the barriers to
access healthcare that affects the spread of
disease. (14)

Human rights
Not all aspects of the transmission of diseases
are straightforward and direct. There are many
different aspects regarding how people interact
with one another in a complex interplay that
affects how disease spreads. Many of these
factors involve how people treat one another.
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Evaluation of Challenges and Solutions Towards the End of
the Global Tuberculosis Epidemic
Jonas Gockel, Dimah Al Shehnah, Justina Zigmantaviciute & Hilda Ohene-Asa
Tuberculosis is one of the most prevalent infectious diseases, causing 1.5 million deaths per
year worldwide. The increasing number of immunocompromised individuals and the rise of
multiresistant tuberculosis are the main challenges to tackle in order to eliminate this global
problem and to lower the high numbers of fatalities. In this article, prevalence of tuberculosis
as well as diagnostics, treatment and prevention are analysed in a global health perspective,
shedding light on the importance of new technologies and vaccines to resolve the global issue
of tuberculosis.

BACKGROUND
Tuberculosis (TB) is a very ancient disease,
with reported cases ranging up to 9000 years
back [1]. It is caused by the bacterium
Mycobacterium tuberculosis and is responsible
for approximately 1.5 Million deaths per year.
This means it belongs to the top ten causes of
deaths worldwide, exceeded only by lower
respiratory infections and diarrheal diseases
when it comes to infectious diseases. On a
global scale, more than one in four people are
infected with TB, however symptoms occur
only in about 10 % of infected individuals [2].
TB can be divided into two different categories,
pulmonary and extrapulmonary. In pulmonary
tuberculosis, the infection persists in the lungs,
while in extrapulmonary tuberculosis, the
disease has spread outside of the lungs. The
extrapulmonary form of tuberculosis most
commonly occurs in individuals with a
weakened immune system, such as patients
also infected with HIV [2].
Furthermore, TB is also linked to
overcrowding and malnutrition, rendering it
very prevalent in low-income countries [2].
Contrary to common misconceptions of TB
being
transmitted by sharing food,
toothbrushes or shaking hands, the actual
infection route is small droplets containing the
bacteria from the lung, called aerosols. It is
spread by individuals with active tuberculosis,

mainly by speaking, coughing or other
activities involving the creation of aerosols.
When the bacterium infiltrates the host by airdroplet infection, it first enters the lungs. In the
lungs there is a specific cell type called
macrophages, which ingest the bacteria to
destroy them. However, those cells are not able
to kill mycobacteria efficiently and the
bacterium can multiply in the infected
macrophage. Due to cell signalling, protective
shells are formed around the infected cells,
which are important for both regulating
immune response and minimising tissue
damage. Therefore, the bacterium can persist
without causing symptoms. However, certain
factors may lead to bacterial escape and spread,
for example immunocompromisation or
smoking [3].
The bacteria themselves need to
infect another individual, because they are very
sensitive to environmental factors like UVlight which makes them unable to persist long
in the environment [4].
TB can be cured by extensive
antibiotic treatment. However, resistance
against several antibiotics has begun emerging
in Mycobacterium tuberculosis. Multidrugresistant
tuberculosis
(MDR-TB)
is
characterised by resistance against the two
most effective frontline antibiotics, whereas
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extensively drug-resistant TB (XDR-TB) also
carries resistance against three or more classes
of second-line drugs [5]. Resistance can also
develop during the treatment, which makes the
purity of the drug and continuous drug use
indispensable.

Diagnosis
M. tuberculosis can survive in the lungs by
hiding in alveolar macrophages and utilising
the host supplies of iron, oxygen and lipids.
This way, the bacteria can maintain itself for
many years, giving rise to many asymptomatic
carriers. Reactivation of latent infection can
occur sporadically and go undiagnosed until
the symptoms worsen or other illnesses are
ruled out. Therefore, it could take several
weeks after TB onset until the appropriate
treatment is administered.
Early diagnosis is beneficial. One of
the fastest and easiest tests for TB screening is
the Mantoux test, which is performed by
injecting a purified protein derivative (PPD)
from M. tuberculosis into the skin (Figure 1).
After 48 hours the skin reaction is evaluated
and individuals exposed to the bacteria will
show an elevated immune response. This
technique has been used in a plethora of

countries for TB screening in children and
people
in
risk
groups,
such
as
immunosuppressed or recently exposed
individuals. The test is useful for diagnostic
purposes when the disease is suspected but
cannot distinguish between latent and active
infections or when the person has been infected
[20].
Therefore, confirmatory tests, like
sputum culture or chest X-ray, are needed.
Sputum is the thick and cloudy mucus that is
coughed up deep from the inside of the lungs
and may contain mycobacteria. Multiple
samples are needed to get accurate results
which can be analysed using two different
methods: Microscopical analysis of the sputum
will reveal M. tuberculosis by differential
staining. Alternatively, the samples can be
grown and the bacterium isolated. However,
these methods are quite time intensive and not
suitable for a swift diagnosis. Monitoring of
drug resistance in TB is important to ensure
proper treatment and is impossible to do with
those methods. Whole genome sequencing via
techniques such as next generation sequencing
has been shown to be an efficient way to
monitor antimicrobial resistance development
[6], ensuring proper treatment.

Epidemiology

Figure 1: Mantoux-test for TB using purified protein
derivative (PPD) Purified protein derivative (PPD) from M.
tuberculosis is injected intradermally. Size of skin lesion is
assessed and evaluated individually depending on the persons
category around 48 h after injection. Category 1 includes eg.
immunosuppressed individuals and people in recent contact
with infected. Category 2 consists out of IV-drug abusers and
people out of high-risk areas. Category 3 are individuals with a
normal healthy immune system. Modified from
https://www.medicinenet.com/tuberculosis_skin_test_ppd_ski
n_test/article.htm

Tuberculosis is prevalent in a multitude of
countries and globally distributed (Figure 2)
Globally, the largest absolute number of cases
of TB and the highest incidence density in 2016
was found in the South-East Asia region and
the Africa region respectively. The estimated
number of incident cases were in the WHO
South-East Asia Region 45%, the WHO
African Region 25% and the WHO Western
Pacific Region 17%. Smaller proportions of
cases occurred in the WHO Eastern
Mediterranean Region 7%, the WHO European
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Figure 2: Estimated TB incidence rates, 2016 Estimated TB incidence rates globally are displayed and coded by different
shades of green. Hotspots can be seen in Southern Africa and Asia. Data and figure from Global Tuberculosis Report 2017,
WHO, 2017.

Region (3%) and the WHO Region of the
Americas 3% [7].
In 2018, most of the incident cases
were reported in the same WHO regions as in
the previous year but there were variations in
the total number of cases.India (27%), China
(9%), Indonesia (8%), the Philippines (6%),
Pakistan (6%), Nigeria (4%), Bangladesh (4%)
and South Africa (3%) accounted for two thirds
of the world’s total cases of TB. In all, 30
countries including those previously listed
accounted for 87% of the world’s cases and
make up the WHO’s list of 30 high TB burden
countries [2].
Bangladesh and Nigeria are both
densely populated countries and two of the
countries that contributed significantly to TB
incidence in the past year. The estimated total
TB incidence in Bangladesh in 2018 was
357000 cases, corresponding to 221 cases per
100,000 individuals (Table 1).

Table 1. Estimates of TB burden in
Bangladesh (2018) WHO

The total estimated TB incidence was the sum of
notified new and relapse TB cases and TB
incidence due to HIV.
Table 2. Estimates of TB burden in Nigeria
(2018) WHO

The estimated total TB incidence in Nigeria in
2018 was 429000 cases and this was at a rate of
219 cases per 100,000 population per year.
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The total incidence was the sum of notified new
and relapse TB cases and TB incidence due to
HIV.
In Saudi Arabia, TB is number 11 on
the list of causes of death and more than ten
million TB cases worldwide were reported in
2016 by WHO [36]. All TB cases are reported
to the National TB Control and Prevention
Program (NTCPP) registry at the Saudi
Ministry of Health. There were about 64,345
new cases in Saudi Arabia recorded between
1991 and 2010 [35]. Most of the cases could be
treated but two main challenges remain: the
risk the patients pose to the people around
them, as well as antimicrobial resistance.

been known as “dziova” for many generations
and recognized as an unfortunate ending to
many folklore stories, while these days it is
frequently recited by the media as a disease that
kills someone every three days. Nonetheless, it
receives very little attention from the people
who mount a fatalistic attitude of tuberculosis
being the ‘way of life’ or a problem only of
those few unlucky ones.
With new medical advances, this old
disease that has evolved and migrated with us
globally should have been easier to fight
against, but based on the reports from 2016, the
rates of TB in Lithuania were 4 times higher
than average in Europe, reaching 46.6 cases per
100 000 people, including the highest problem
of multidrug resistance (20,3%) and the highest
number of children under 15 years old affected
[12].

Figure 3. Pulmonary TB rates reported by year in
Lithuania Incidence and Cases of pulmonary TB over several
years in Lithuania. Figure adapted Caplinsas et al, 2018

Figure 2a and 2b: TB incidence rate and HIV negative TB
mortality in Saudi Arabia (2016) WHO

Even though in Europe, the incidence and TB
notification rates have been going down since
2013, several countries still need to make their
regulations and protective actions stricter to
reach the current goal of stopping TB by 2050.
In Lithuania, Mycobacterium tuberculosis has

Based on the current studies, these problems
are tied up to the social settings of people in
poverty, alcoholism, unemployment and
general lack of awareness [11]. The structure of
population density plays a very important role
in the epidemiology of TB [23]. As mentioned
before, overcrowding is a main feature in areas
highly endemic with tuberculosis. The
endemicity of TB is maintained via close and
prolonged contact between susceptible
individuals and individuals with active TB
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[23]. Poor ventilation in homes and prisons has
led to the spread of TB between members of
households and inmates [24][25]. TB incidence
has also been associated with poverty with the
highest rates recorded in poorer communities in
different countries [26][27].
The association with smaller space
and lots of people is seen in examining the risks
in low-incidence settings, such as prisons,
homeless shelters, and high-incidence –
various community locations, like public
transport, nursing homes, hostels, schools,
especially with smaller children, who tend to
keep closer contact. The main risk area is
indoors with lack of ventilation, especially in
the colder regions, as the bacteria can stay in
room temperature for 3 hours. [9]
Detecting the transmission routes is a
difficult task and various diagnostic tools can
be used to follow the spread. TB infection is
exceptional in its varied incubation time, as the
clinical disease often results from a remote
infection event from up to several years or
decades ago - this is particularly typical in lowburden settings, with tuberculosis developing
mostly toward an older age [10]. To
successfully control tuberculosis, the hot spots
for TB outbreaks can be analyzed by using
whole genome sequencing or molecular
identification, and then clustering the strains
from different cases to find the source and
execute environmental control measures [2].

Governmental Actions
According to Dr Shahenaz Eskander, the head
of infection control in Bugshan hospital,
Jeddah, Saudi Arabia, the number of TB cases
at the hospital are seasonal. There are many
patients during the season of Al-Hajj, which is
a religious period when people from all over
the world come to visit the old city Makkah,
bringing usually around 2 to 3 million people
to Saudi Arabia in this time.

Figure 4. Personnel during an outbreak of TB at King Fahad
Emergency Hospital. Picture taken from Riyadhconnect.com

Before 2015 the hospital used to admit most of
the patients with TB. The samples were sent to
the microbiology section of the hospital, where
they were analysed in an isolated room which
is provided with negative pressure to maintain
clean air and control the circulation of the
pathogen. Staff wore N95 masks as part of their
personal safety equipment, which would
additionally filter the air.
Samples were prepared and analysed
using microscopy and culturing methods to
determine TB infection.
After regulations from the Ministry of Health
to minimize the spread of TB were enforced,
the admittance of TB patients to the hospital
and performing diagnostics stopped in 2016.
Therefore, currently TB patients are examined
and treated at a central government hospital,
“King Fahad Specialist Hospital”.
The statistics show that these
regulations helped to minimize the number of
infected patients, which has decreased from
750 to 420 per year. Also monitoring of proper
drug usage was improved in Jeddah city.
According to a recent study made by Knoema
in 2017, incidence of tuberculosis for Saudi
Arabia was 10 cases per 100,000 people per
year in 2017. 14 years earlier, the incidence
was 17 cases per 100,000 people. [33]
In Lithuania, the government has
implemented new regulations regarding TB
patients, such as increasing the number of TB
directly observed treatment strategy (DOTS)
stations to make them easily reachable for
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people all over the country [18]. At these
stations the patients can get a daily check-up by
a physician and take their free medication on
the spot. To encourage the use of DOTS since
2017, patients receive food coupons (22.50 €)
at the end of the week and have their transport
fare paid for if they follow their weekly
schedule perfectly. [16]
Alternatively, hospitalization is
required for more severe cases [19]. The largest
unit for TB infected patients is part of Hospital
of Lithuanian University of Health Sciences
Kaunas Clinics, which works as a diagnostic,
treatment and research centre, including
clinical trials for new medications against drugresistant TB (DR-TB). By the end of 2019 a
new tuberculosis hospital will be opened,
providing 100 more beds for the severe patients
in need. Stricter government regulations, better
diagnostic and treatment measures, capability
to get the medication at DOTS instead of
staying in the hospital has improved the TB
incidence in Lithuania (Figure 3.) Patients are
taught the correct usage of the medical face
masks, the dangers of infecting people around
them and the importance of adhering to their
treatment schedule. Resistance could occur due
to non-compliance which could prolong and
complicate treatment. They are also made
aware of the undesirable side effects from the
medications and the importance of a healthy
lifestyle [17][19].
Another important factor in the fight
against TB is the source of funding. Since
2006, TB funding has doubled. However, this
amount is still not sufficient to effectively fight
TB. In India, domestic funding quadrupled
between 2016 and 2019. [29]
International donor funding is still
crucial in some lower-middle income countries
although there has been an increase in domestic
funding in countries like Brazil, Russian
Federation, India, China and South Africa.

End TB campaign
Global control of TB requires a lot of resources
as well as collaboration between authorities
nationally and internationally. To eliminate
TB, WHO launched several programmes, such
as the “End TB strategy” to create awareness
and guidance to achieve TB control.
The End TB strategy is one of the targets under
the Sustainable Development Goals (SDG) to
be achieved through implementation of
biomedical, public health target and
socioeconomic interventions as well as
research and innovation. [28] Three main
pillars form the End TB Strategy:
1. Integrated, patient-centred care and
prevention which puts patients at the
heart
of
service
delivery.
2. Bold policies and supportive systems
requiring intense participation across
government, communities and private
stakeholders.
3. Intensified research and innovation
which is especially critical to break the
trajectory of the TB epidemic and reach
the global targets.[28]
The SDG Target 3.3 includes ending the TB
epidemic by the year 2030. The End TB
Strategy states the milestones and targets which
will lead to reductions in TB cases and deaths.
The 2030 targets include a 90% reduction in the
number of TB deaths and an 80% reduction in
the TB incidence rate compared with levels in
2015. The 2020 milestones are a 35% reduction
in the number of TB deaths and a 20%
reduction in the TB incidence rate. Another
milestone is that no TB patients and their
households face devastating costs as a result of
TB disease [29].
These
targets
may
seem
overambitious but ending the global TB
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epidemic is feasible if dramatic reductions are
seen in cases and deaths due to TB, with
improvement in universal health coverage and
social protection. To ensure a far-reaching
impact of the end TB strategy, the proposed
interventions must build on principles of
government stewardship, engagement of civil
society, human rights and equity, and must be
adapted to the unique context of epidemics and
settings in different countries. [29]

Sustainable development goals
Many of the established global sustainable
development goals are associated with TB
incidence. The SDGs 1. No poverty 2. Zero
hunger 3. Good health and wellbeing 7.
Affordable and clean energy 8. Decent work
and economic growth 10. Reduced inequalities
and 11. Sustainable cities and communities
serve as indicators of TB incidence [30].
It is important to consider these
indicators in the quest to end TB as
improvement in the conditions of living and
achievement of SDG targets will help reach
significant milestones in the End TB strategy.
It also points to the specific socio-economic
areas that need extra attention in this task.
Typical examples of these indicators are the
prevalence of malnutrition, the percentage of
population in good health and percentage of
urban population living in slums.[31]
Five risk factors listed in relation to
the indicators and maintenance of TB in
populations by WHO are HIV, abuse of
alcohol, diabetes, smoking and malnutrition.
The indicator values provided by the WHO
correlate with the high TB rates seen [31] as an
estimated 2.3 million TB cases in 2018 were
due to undernourishment, 0.9 million to
smoking, 0.8 million to alcohol abuse, 0.8
million to HIV infection and 0.4 million to
diabetes.[29]

Treatment
Even though TB can be treated, a lot of
challenges still remain regarding the patients,
the risk to the people around them, and
antimicrobial resistance.
Analysis of surveillance data from
2014–2015 regarding DR-TB in Saudi Arabia
sheds light on the prevalence of multidrugresistant tuberculosis (MDR-TB). The Western
and Central regions of Saudi Arabia have the
highest rates of MDR-TB compared to the
Eastern regions. This is likely due to many
people from all over the world visiting the
biggest sacred sites - Mecca and Madina which are situated here. Millions of Muslims
from all over the world come to visit these sites
every year. This also explains why there is an
increase of TB during Al-Hajj season. The
central region is where the main hospital for all
confirmed TB patients from all over the
country is located.
Interestingly, studies show that
people below the age of 65 years have a higher
risk of developing MDR-TB, which is
consistent with the WHO reports. This begs the
question, what makes young people more
susceptible to this form of TB? More so, MDRTB patients require stricter management, early
identification and intervention, due to the
complications of the treatment. Annual country
reports also show that women are more
susceptible to develop MDR-TB than men,
even though men were more susceptible to
catch the mycobacteria. In Saudi Arabia, TB
incidence is associated with seasons and reach
the top in the religious seasons, mostly in the
western region.
Due to resistance emergence and
improper treatment, around 3.9% of cases are
not treated successfully. Unsuccessful
treatment is defined as no effect after five
months of treatment, which is the consequence
of a globally arising multidrug resistance
(MDR), meaning the conventional and most
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potent drugs, such as isoniazid, rifampicin for
first line of treatment, and fluoroquinolones or
one of the antituberculosis injectable drugs –
for the second are ineffective, therefore more
toxic antibiotics need to be used. [8]
In 2017, Lithuania reported 249 MDR
for the first line and 249 MDR cases for
second-line treatment. The number of
extensively drug-resistant Tuberculosis (XDRTB) has reached the highest among EU/EEA
countries, adding up to 87 reported cases. [14]
When the most effective anti-TB drugs cannot
be used, it means longer treatment duration and
lower success rate, including high toxicity,
with some life-threatening adverse effects,
such as effects on the heart, gastrointestinal
system, CNS and kidneys. More resources are
needed as the patients with resistant TB need to
be monitored much closer and more often in
clinical and laboratory evaluation [13].
However, successful treatment and
less spread of the bacteria also depends on the
ability to accurately and quickly diagnose the
drug susceptibility of TB, and therefore
previously mentioned strategies would not be
sufficient to reach the goals of the END TB
campaign. Recent implementation of new
quick molecular screenings for AMR have
shown great success and has become a new
standard in pulmonary TB diagnosis and
monitoring. A recent report by WHO suggests
considering switching to more efficient
methods, like whole genome sequencing and
next generation sequencing to quickly identify
the specific resistance profile for appropriate
treatment selection [15].

regimen to minimise the burden for the patient
(7,8). Quick diagnostic tests to facilitate early
treatment and to detect antibiotic resistance are
also vital. Countries need to be equipped with
the resources to undertake TB control
programmes and perform monitoring and
surveillance. This can be done by increasing
domestic and international TB funding. Efforts
to reduce the prevalence of TB health-related
risk factors such as HIV and smoking as well
as treating people with latent TB can rapidly
drive down the numbers of TB cases per year.
Childhood
vaccination
with
Bacillus
Calmette–Guerin (BCG) vaccine can also
confer immunity, especially against severe
forms of TB in children with meningitis, but
the effectiveness for adults or the more
frequent pulmonary cases is low.
In addition to the above, a
multisectoral action is needed to address the
many determinants influencing TB epidemics
such as malnutrition and poverty. This will be
monitored
through
a
multisectoral
accountability framework for TB (MAF-TB)
and countries will receive the needed support
to enable them to adapt and use the framework
and to implement it.
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