Table of content
TABLE OF CONTENT

2

ZIKA VIRUS, THE NEW VIRAL THREAT

3

EMERGING ANTIBIOTIC RESISTANCE AND SURVEILLANCE,

9

MALARIA

15

PREVENTION STRATEGIES FOR BACTERIAL DISEASES IN BANGLADESH

20

ENTERIC AND RESPIRATORY INFECTIONS IN A GLOBAL CONTEXT

24

UNINTENDED PREGNANCIES AND ILLEGAL ABORTIONS IN BANGLADESH

30

SURVEILLANCE AND CONTROL OF MALARIA IN BANGLADESH

34

AMEBIASIS: INSIGHTS FROM AN UNFINISHED STRUGGLE

37

URBAN WILD RATS – HARMLESS NEIGHBORS OR A SERIOUS THREAT TO PUBLIC HEALTH?

38

CURRENT RESEARCH ON EMERGING DISEASES IN BANGLADESH

45

COMPARING HIV INFECTION, PREVENTION AND TREATMENT IN SWEDEN AND BANGLADESH 48
WAR AND INFECTIOUS DISEASES

51

THE HIDDEN HUNGER – VITAMIN A DEFICIENCY

60

REFERENCES

68

2

Zika virus, the new viral threat
Ainhoa Moliner Morro1
1

Department of Medical Biochemistry and Microbiology, Uppsala University, BMC

Zika virus is a mosquito-borne virus which was firstly isolated in the Zika forest in Uganda in
1947 and spread to the Pacific islands. It can infect humans and cause a commonly mild disease
including symptoms like maculopapular rash, headache, joint pain and fever. However, it has
been breaking news since late 2015 due to the outbreak of Zika virus in South America and the
increasing cases of Guillain-Barré syndrome in adults and congenital Zika syndrome in newborns. It was declared a public emergency of international concern by the World Health
Organization on February 2016. Currently there are no vaccines or treatment available for
Zika virus, although significant efforts are placed on a better understanding of the virus and its
pathogenicity, which will help develop vaccines and treatments against Zika virus.

in new-borns. The possible association of

History of the outbreak.
Zika virus was firstly isolated in 1947 from
a macaque in the Zika forest (Uganda), but
it was not until 1953 that human Zika virus
infection (ZVI) was detected in patients in
Uganda and the United Republic of
Tanzania 1,2. Zika virus distribution
expanded to Southeast Asia between 1960s
and 1980s 1. However, ZVI was restricted
to a limited number of patients until 2007,
when the first major outbreak was detected
in Yap, Micronesia 1. Several other
outbreaks followed during 2013 and 2014 in
the Pacific Islands including the French
Polynesia where thousands of cases were
suspected 1,3,4.

Zika virus facts:


Zika virus can be transmitted by
mosquito bites, sexual intercourse, blood
transfusion and from mother to child.



20% of symptomatic infections.



Guillain-Barré syndrome can develop in
1% of the symptomatic infections.



Zika-virus

congenital

syndrome

prevalence is approximately 29%.

the
Guillain-Barré
syndrome,
a
neurological complication, was the first one
to be reported in July 2015, while
microcephaly
and
other
related
malformancies in new-borns were not
disclosed until October 2015, when Brazil
reported an unusual increase of them to the
World Health Organization (WHO) 6. The
increased number of Guillain-Barré
syndrome and microcephaly cases (up to
1708 and 3893 suspected cases respectively
by 22nd of January 2016), and their possible
link to the Zika virus epidemic in Brazil
raised the alarms and the WHO declared the
Zika virus outbreak as a public emergency
of international concern (PHEIC) on 1 st of
February 2016 4,7.

Zika virus local transmission was reported
in May 2015 in Brazil, although its
introduction into the country is thought to
have occurred between June and August
2014 5. Therefore, Zika virus would have
been circulating in Brazil during
approximately eight months before it was
initially reported. ZVI could have been
misdiagnosed as Dengue or Chikungunya
virus infections, two endemic viral diseases
in South America with similar symptoms 5.
Increasing cases of ZVI were diagnosed in
Brazil during the next months, and together
with them, increasing cases of GuillainBarré syndrome in adults and microcephaly
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How did Zika virus spread to South
America?

Zika virus vectors. Where are they
found and where could Zika virus
spread?

Zika virus originated in Africa, in the Zika
forest in Uganda 1. Then, it spread through
East Africa to Southeast Asia, where
several outbreaks were detected 1,2. Besides
Africa and Southeast Asia, Zika virus local
transmission was not reported in any other
location worldwide until the recent
outbreak in 2015 in Brazil.

The distribution of diseases transmitted by
mosquitoes depend principally on the
distribution of their vector. Zika virus is
mainly transmitted by mosquitoes (vectors)
of the Aedes genus, which are found
worldwide. In the Pacific area and the
Americas, the main vectors are Aedes
aegypti and Aedes albopictus (tiger
mosquito), while in Africa the main vector
is Aedes africanus 9. The tiger mosquito,
native of Southeast Asia, has colonized
different countries, i.e., the Mediterranean
countries, thanks to the transport of goods
internationally, although international
travel has also played a role in the mosquito
expansion 9.

In order to understand weather the outbreak
of Zika virus in Brazil came from Southeast
Asia or Africa, Zika virus samples from the
Brazilian outbreak were sequenced and
compared to samples from the previous
outbreaks in Southeast Asia and Africa.
Previously, two different lineages, African
and Asian, were described 8. After
comparing the Brazilian samples, Faria’s
group determined that the Brazilian Zika
virus strain came from the Asian lineage
and it was more similar to the Zika virus
circulating in French Polynesia in the
outbreak in late 2013 5.

Theoretically, Zika virus could spread to
any area where its vectors are found, as it
has been shown in the recent outbreaks that
Aedes mosquitoes can be infected by Zika
virus and can transmit it to humans. The
WHO claimed that “there is a potential risk
of outbreaks of urban ZIKV infection in
urban settings in any part of the world
where the mosquito vector is present or may
become established in future” 7.

Once Zika virus origin was determined,
another question arose: ‘when was Zika
virus introduced in Brazil?’. There were
three different hypotheses for how Zika
virus was introduced in Brazil: a) during the
2014 World Cup soccer tournament, b) the
2014 Va’a canoe event or c) the 2013
Confederations Cup soccer tournament 5.
Nevertheless, the results obtained by the
phylogenetic analysis performed by Faria’s
group suggested that the introduction of
Zika virus into Brazil precedes the 2014
sport events 5. Moreover, by the time of the
Confederations Cup soccer tournament in
2013, the first cases of Zika virus in the
French Polynesia were not yet reported 5.
Hence, the viral introduction and
emergence of Zika virus in Brazil is yet to
be determined.

However, transmission of mosquito-borne
diseases is not only a matter of where the
vector is found. There are many other
variables involved in the transmission
cycle, such as the climate conditions and the
ability of the virus to survive in the
mosquito depending on those conditions.
An ecological study of Zika virus
distribution published recently suggests that
Zika virus is more restricted to the tropics
than Dengue virus due to the need of higher
diurnal temperatures fluctuations and
10.
seasonality
of
precipitations
Nevertheless, other ecological study
suggests a wider distribution of Zika virus
in the future 11. What is clear is that Zika
virus could spread to a broader territory
triggered by
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Map including all countries and territories with ongoing mosquito-borne Zika virus
transmission. Source: CDC
weather conditions such as El Niño or
seasonality 10.

the progressive weakness in legs (and
arms), which leads to an ascending
paralysis spreading to the upper limbs and
face, together with the loss of tendon
reflexes (areflexia) 16,17. This progressive
phase lasts for 2 to 4 weeks 16. The most
severe symptoms of the syndrome,
occurring in about 25% of the cases, may
include respiratory difficulties and/or
failure that need mechanic ventilation at
intensive care units (ICUs) 16,17.

Zika virus-related syndromes.
Zika virus is transmitted mainly by
mosquitoes, although different transmission
routes such sexual, blood-transfusion and
perinatal transmission have been reported
1,12,13. Most Zika virus infections are
asymptomatic (80%), and the ones that are
symptomatic are usually self-limiting,
lasting for 3 to 12 days and giving often
mild symptoms such as maculopapular rash,
headache, myalgia and arthritis 1–3.
However, severe complications can arise in
1% of the symptomatic cases 14,15. Among
the severe complications are included the
Guillain-Barré syndrome in adults and the
congenital Zika syndrome, which includes
microcephaly, in new-borns.

This syndrome is considered a lifethreatening disease with a mortality rate of
3% to 7% 16,17. The severity of the disease
varies widely between patients, some
without signs of recovery for months and
others recovering spontaneously without
any long-term sequelae 17. Most patients
improve eventually, although some can be
affected by residual conditions. Thirteen
countries, of those with local Zika virus
transmission ongoing, have reported an
increased incidence of GBS and/or
laboratory confirmation of Zika virus
infection among GBS cases 18.

Guillain-Barré syndrome.
Guillain-Barré syndrome (GBS) is the most
frequent cause of acute paralytic
neuropathy, which gives flaccid paralysis
16. It is usually preceded by an infection or
other immune stimulation inducing an
anomalous autoimmune response which
targets the peripheral nerves and their roots
16,17. The key symptom in most patients is
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reported an increase of cases of
microcephaly among new-borns. This link
is still being studied.
Zika virus has been detected in placental
tissue, amniotic fluid and in foetal-brain
tissue of infected babies 14,19,20. There are
different hypotheses on how the virus is
associated with the reduced brain volume of
the foetus.
One of the hypothesis involves the ability of
the virus to infect foetal neural cells but,
how is it possible that Zika virus infects the
baby? First, we should consider what would
the virus need to do. In the first place, the
virus would need to cross the mother-tofoetus barrier, or placenta, which among
other things, is used to protect the baby
against infections. Several research groups
have been studying the mechanism by
which Zika virus is able to cross this barrier
21,22. The results
obtained by these
researchers suggest that the inflammation of
the placental tissue due to the infection, and
the permissiveness to the infection of the
Hofbauer cells (placental macrophages)
enable Zika virus to penetrate the placental
barrier 21,22.
Once it has crossed the placenta, does Zika
virus infect the foetus? Studies in mice have
reveal that Zika virus has a predilection to
infect neural progenitor cells and immature
neurons,
causing
their
apoptosis
(programmed cell death) and inhibition of
the differentiation of the neural progenitor
cells into the different neural cells, therefore
causing microcephaly 23. Together, these
findings suggest that Zika virus is not only
able to cross the placental barrier, but also
to infect foetal brain tissue.

Congenital Zika syndrome.
The congenital Zika syndrome is a variety
of birth abnormalities linked to Zika virus
infection, among them are found foetal
death, ventricular or cerebral calcifications,
intrauterine growth restriction and
microcephaly 19.
Microcephaly is a medical condition in
which the head circumference (HC) of a
foetus or infant is smaller by two or three
standard deviations (in the more severe
cases) from the mean expected for sex, age
and ethnicity 4. This condition is usually
associated with a smaller brain volume and
it implies intellectual and/or motor
disabilities 15. The link between
microcephaly and Zika virus was
hypothesized in October 2015, when Brazil

However, this is not the only hypothesis of
how Zika virus could be involved in the
development of this condition. As with
other
virus,
such
as
rubella,
cytomegalovirus, herpes simplex virus and
varicella zoster virus (chicken pox), when
Zika virus infects the placenta it stimulates
the immune system of the mother inducing
the release of inflammatory response6

associated molecules, which could be
sufficient to indirectly damage the foetal
central nervous system, thereby causing
microcephaly 14.

Developing of treatments are often used to
cure an infection. However, they can also be
used as a preventive treatment. In the case
Zika virus preventive measures:

Different studies in Brazilian pregnant
woman during the Zika virus outbreak have
demonstrated that infections at any
trimester of the pregnancy can cause
abnormalities in the babies, among which
are include microcephaly, cerebral
calcifications,
intrauterine
growth
restriction or foetal death 4,19. A preliminary
report on March 2016 found a prevalence of
29% of new-born abnormalities among
pregnant woman infected with Zika virus 19.
Nevertheless, depending on when the
mother is infected certain abnormalities are
most likely to occur. For example, during
the first trimester, microcephaly and
cerebral calcifications are more probable,
while in later stages intrauterine growth
restriction and other abnormalities not
related with the central nervous system are
more common 19.



Wear long-sleeved shirts and long
trousers, use bed-nets and mosquito
repellent.



Remove water sources inside and
outside households.



Use of prophylactics 6 months (man) or 8
weeks (woman) after travelling to areas
with ongoing transmission and/or start
of symptoms.

of Zika virus, prophylactic treatments could
be used as a measure to avoid infection
during pregnancy, thus preventing the
congenital Zika syndrome in new-borns.

Socioeconomic impact of Zika virus
infection and related syndromes.

Vaccines and treatment against Zika
virus.

The Zika virus-related syndromes play an
impact in the society as well as in the public
health economy.

Nowadays there is no vaccine to prevent
Zika virus infection, nor is treatment.
Nevertheless, big efforts are placed on
better understanding Zika virus and its
pathogenicity, which will lead to
development of vaccines and/or treatments.

Guillain-Barré syndrome outcomes are
usually favourable and many of the affected
patients recover completely 16,17. However,
some of them are affected by different
sequelae of diverse severity. The increased
number of cases of GBS in Zika-affected
countries and the cost of syndrome and its
sequelae would imply a burden to the public
health care systems. Moreover, the sequelae
could incapacitate the patient, therefore the
country would loss productivity.

Zika virus is related to other viruses for
which treatments have been developed,
such as Dengue virus and Hepatitis C virus.
In this way, there are several groups testing
whether some of these drugs are effective
against Zika virus 24. Moreover, similar
strategies as used for development of
vaccines against Dengue and HCV are
being followed.

Similarly, the treatment of the medical
complaints associated with the Zika-virus
related neurological abnormalities in newborns would have an impact on the public
health system. These children will need
medical attention in higher or lower degree
during their whole life. Visual and hearing
impairment, as well as seizures, feeding
difficulties and intellectual impairment
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including developmental delay are often
linked to the neurological syndromes 4.
Disabilities have been largely linked to a
lower educational achievement and a lower
employment rate
than
non-disable
population, thereby being more likely to
experience higher rates of poverty 25.
Besides the unemployment, people with
disabilities and their families have extra
cost for personal support, medication or
supportive devices, leading to a poorer
family economy 25. Furthermore, due to
their lower income, it is considerably
common that the carer of the disabled
member is among the family members, thus
working less hours or having left their
employment, leading to more severe
financial problems 25.

transmission is feasible and easier than for
couples that live in those areas. As it has
happened with other related viruses, Zika
virus could become endemic in the tropic
areas, thus delaying pregnancy would not
be attainable in the long term. Hence,
preventing infection when trying to get
pregnant and during the pregnancy would
be their only option. However, it should be
reminded that being infected with Zika
virus during the pregnancy does not mean
necessarily that the baby will suffer the
congenital Zika syndrome 19. On the other
hand, there is still a possibility of suffering
from this syndrome and another issue rises
here, termination of pregnancy. There are
inequalities between countries in terms of
access to safe termination. In this way, there
is a debate on whether women should be
allowed to terminate their pregnancy if they
get infected with Zika virus in countries
were abortion is illegal.

Regarding economy in general, the
countries which are, or will be, affected by
Zika virus, do not only have to deal with the
economic consequences of the Zika virusrelated syndromes, but also with the impact
of the international fear. Tourism could be
affected by the fear of becoming infected
while visiting countries with ongoing Zika
virus transmission. This issue became
obvious during the Olympic Games in
2016, where some of the athletes that were
called to compete refused to go due to the
fear of becoming infected by Zika virus.
Besides the socioeconomic impact of the
Zika-related syndromes, the impact on
pregnant woman or woman that want to get
pregnant should also be considered. Due to
the birth defects that Zika virus can cause in
the foetus, woman have been recommended
to either delay pregnancy or prevent
infection with Zika virus from mosquito
bites and through sex 26. A recent case
report showed the possibility of shedding of
Zika virus in semen six months after
developing the disease, which lead to the
recommendation of using prophylactics six
months after returning from an area with
active Zika virus transmission or after the
start of symptoms 27,28.
Delaying pregnancy for couples that do not
live in areas with active Zika virus
8

Emerging antibiotic resistance and surveillance,
Cholera, Shigellosis and Tuberculosis – an example
By Anna Petersson, Anna Olsson and Jónína Sæunn Guðmundsdótti

Health care globally, is constantly being threatened by the emerging antibiotic resistance.
Besides treating frequently occurring infections such as sepsis and urinary tract infections
(UTI’s), antibiotics is a key player in neonatal care, cancer therapy and surgery. This paper
will illustrate the current situation of Cholera, Shigellosis and Tuberculosis with focus on
antibiotic treatment. These illnesses are very much associated to countries experiencing
poverty and overcrowding. In the case of Bangladesh for example, the highest rates of
shigellosis in south-east Asia has been observed and the World Health Organization (WHO)
estimates that Tuberculosis have reached endemic levels.
The importance of appropriate surveillance systems will also be touched upon. To be able to
foresee the development of antibiotic resistance is crucial for a future use of antibiotics.
Knowledge about the mechanisms causing resistance makes it possible to develop suitable
treatment strategies which can successfully eradicate infections and in the long run, slow down
the antibiotic resistance development.

named Vibrio cholerae. The bacterium has
several variants but there are only two of
them that can cause an epidemic of cholera:
O1 and O139. They have genes for toxin
production, which makes them more prone
to cause an epidemic. Other Vibrio species
can also cause diarrheal disease, but they
are not the source of an epidemic or an
outbreak. In Bangladesh, Cholera is
endemic and varies with the seasons. There
are two peaks of high numbers of cholera
cases during the year, the first between
April and May (before the monsoon) and
the second between September and October
(end of the monsoon). The weather with
changes in rainfall and temperature has an
impact on the occurrence of Cholera (3).
The reservoir for V. cholerae is aquatic
environments and the bacteria can for
example live on aquatic plants, protozoa
and bivalves. In the aquatic environment,
the V. cholerae live over time, evolve and

Cholera
Cholera is a global health problem in
developing countries. In 2015, the reported
cases to WHO were 172 454 from 43
countries. The number of deaths were 1304,
which correlates to 0.8% case fatality rate
(CFR) (1). Cholera is a disease of the poor,
since it is due to poor sanitation and lack of
clean water supply. The water is
contaminated with faecal material and the
disease is then transmitted via ingestion of
water or food. The illness is characterized
by a rice-water stool and symptoms like
vomiting and muscle cramps, with a very
fast dehydration. The disease has a short
incubation period and can in most cases be
treated with only oral rehydration solution
(ORS) (2).
The causative microorganism and the
disease
The causing microorganism of the
infectious disease Cholera is a bacterium
9

has the potential to cause human infection
and start of a new epidemic (4).

have no advantage of having the resistance
character when not exposed to an antibiotic.
V. cholerae O139 was discovered 1992
when it emerged in Bangladesh and India,
due to its sensitivity to tetracycline. Strains
of O139 showed high resistance to TSU and
Streptomycin. (2). According to a long-term
study made by Icddr, b, looking at the
antibiotic resistance of V. cholerae O1
between 2000 and 2012, the resistance
pattern changes rapidly. Until 2004-2005 no
resistance was detected for tetracycline or
erythromycin. The levels of resistance
thereafter started to increase and after a
couple of years decreased. Ciprofloxacin
and
azithromycin
showed
high
susceptibility to V. cholerae O1 between
2000 and 2012. The fluctuation of the
resistance pattern of V. cholerae makes it of
great importance to have an ongoing
surveillance in endemic countries and
during epidemics and outbreaks, to be able
to detect clinical important resistance
changes (5).

Antibiotic treatment and resistance
The treatment against Cholera is mainly to
treat the rehydration with ORS and
intravenous rehydration fluids. Although
antibiotic treatment is recommended
because of numerous advantages during an
epidemic and in severe cases of Cholera.
Antibiotic reduce the duration of illness
with approximately 50%, the amount of
fluids needed to treat the rehydration, the
shedding of V. cholerae in the stool and the
severity of the symptoms. Antibiotics is
therefore important when handling an
outbreak with many Cholera patients (2). In
Bangladesh, the standard treatment for
Cholera has been changing during time, due
to occurrence of antibiotic resistance. From
1970, the first line drug was Tetracycline,
but changed to Ciprofloxacin, in 2005 (5).
Today the International Centre for
Diarrhoeal Disease Research, Bangladesh
(Icddr,b)
guideline
recommend
doxycycline as a first line drug for adults.
Icddr,b has the recommendation to treat
Cholera patients with some or severe
dehydration (6). In Bangladesh, no data on
antibiotic resistance in V. cholerae O1 were
found before the year of 1979. After 1979
resistance were found to several of the
antibiotic drugs (tetracycline, ampicillin,
kanamycin,
streptomycin
and
trimethoprim-sulfamethoxazole
(TSU)).
After a few months, the resistance
disappeared without changes in the use of
antibiotic. Antibiotic resistance was after
two years emerging and quickly
disappeared
again. Scientists
have
suggested that V. cholerae can gain
resistance when exposed to an antibiotic
and then remove it when the exposure of
antibiotic is low or absent. The bacteria
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Surveillance
The number of Cholera cases and deaths
caused by the infectious disease that are
provided by WHO each year, is a
composition of the data reported by each
country’s national surveillance system.
Several different factors can have an impact
of the number of reported cases to WHO,
including the definition of a case of cholera
and the capacity of diagnose a cholera
patient’s sample in the laboratory. Some
countries have a fear of that reporting cases
can lead to a negative impact on the
economy of the nation. These factors most
likely leads to an underreporting of the
cases, and it has been estimated that the
yearly incidence worldwide is 1,3-4,0
million cholera cases and 21 000- 143 0000
deaths (1).

bacteria to cause disease (2,7) Bacteria of
the genus Shigella are the most common
pathogens worldwide associated with
bacterial dysentery, which is characterized
by frequent diarrhoea of small volumes
containing mucus and blood as well as fever
and abdominal pain (2,7) All Shigella
species are human exclusive bacteria and
are transmitted person-person (directly) or
via faecal contamination of food or water
(indirectly).
Prevalence
The true Shigella prevalence remains
unknown as community based data is
incomplete due to poor national
surveillance systems and suboptimal
diagnostic methods (2,8,9). Even if the
surveillance system is functioning and
Shigellosis is a notifiable disease (i.e.
medical staff are required by law to report
cases) the true prevalence remains unknown
as Shigella is difficult to diagnose.
Traditionally a method referred to as
“culturing” is used for diagnosing Shigella
but it is associated with several
disadvantages (9). Culturing is an overnight
procedure which delays the diagnose and
the use of proper treatment. The method
also requires experience as it is difficult to
interpret the results. Shigella is also very
fragile and transportation is a major issue
when it comes to keeping the bacteria intact
until testing is initiated. For these reasons,
more rapid and specific methods have been
developed for diagnosing Shigella but to
this day, these methods require a
sophisticated laboratory which is still costly
and not suitable for the clinic. Taken
together, the number of reported cases
worldwide most probably do not represent
the true Shigellosis prevalence. However,
hospital-based studies suggest, that Shigella
causes 80–165 million cases of disease and

Data on antibiotic resistance pattern of V.
cholerae are limited in large epidemics,
with exception of India and Bangladesh,
who have surveillance centers that collect
the data. Region, time point and the use of
antibiotics results in variation of the
antibiotic resistance. The reasons for the
limited surveillance data on Cholera
resistance is often lack of resources.
Although, the resistance data that gets
published has a risk of being biased since
the region may not want to publish high
rates of resistance because of the
consequences (2).
Reports on treatment failure due to
antibiotic resistance is uncommon. It is
therefore hard to determine the impact of
antibiotic resistance. The explanation is
probably that these occur mainly in rural
areas where the data is not collected (2).

Shigellosis
Shigella causes the most notorious enteric
infections worldwide and requires only 100
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600,000 deaths annually worldwide (8).
Many infections causing diarrhoea are selflimiting and rehydration is the most
commonly used treatment but in the case of
Shigella, the only effective treatment is
antibiotics (2, 8, 9). Lately, emerging
antibiotic resistance has been identified
worldwide in Shigella which affects the use
of several antibiotics (2). WHO reports that
Shigella is the enteric pathogen most prone
to develop resistance (2). For example, the
Center for Disease Control and Prevention
(CDC) has reported several cases of
resistance Shigellosis in USA (10).

continuous to lose the arms race against the
pathogens; therefore, it is not realistic to
rely on the introduction of new antibiotic
treatment strategies. When it comes to
preventing antibiotic resistance, a reduction
of the selective pressure i.e. the force
causing resistant variants to survive, is of
major importance. As Shigella is a human
exclusive bacterium, this selection takes
place in the human gut when utilizing
insufficient antibiotic treatment strategies.
However, reducing the administration of
antibiotics is problematic as it is the only
efficient treatment. Instead, improved
diagnostics would minimize the misuse of
antibiotics and reduce the development of
resistance. By doing so, proper treatment
could be used earlier and eradicate the
infection before resistance development can
be initiated.

Surveillance
Shigellosis are frequently occurring in
countries experiencing increased poverty
and overcrowding as well as poor sanitation
conditions and clean water (2,8). The
Surveillance Atlas of Infectious Disease,
provided by European Center for Disease
Prevention and control, reports that the
shigellosis prevalence is decreasing in
Europe (8). In 2014, Sweden reported 328
confirmed cases and France reported 686
confirmed cases. One thing worth
mentioning, is that Shigellosis is a
notifiable disease in Sweden and the
medical staff is required by law to report
each case. This is not the case in France
which probably influences the numbers
presented by the ECDC. A study performed
by Kotlof, KL et al reported that Shigella
was the third leading cause of moderate-tosevere diarrhoea in Bangladesh (11).
Another study performed by George, C M
et al reported that Bangladesh has the
highest rates of shigellosis in south-east
Asia (12).

Vaccine development
Due to the severity of the disease, the small
infectious dose and transmission routes an
infection can spread very rapidly. To
prevent this, development of a vaccine
would be of great help. The previously
mentioned diversity within the Shigella
genera is a major problem when developing
a potential vaccine as this treatment requires
a certain amount of specificity. In addition,
a geographical difference has been
identified which can still not be explained
(2,11). This geographical diversity was
reported from a study performed by Icddr,b
already in 1989 where differences in
antibiotic resistant variants of Shigella were
found in Dhaka and Matlab (13).

Tuberculosis
Tuberculosis (TB), a disease caused by the
Mycobacterium tuberculosis bacteria, is
still one of the most common causes of
death in the world today after having

Treatment
The constant progression within the
Shigella genera obstructs treatment of
Shigellosis. The pharmaceutical industry
12

followed the mankind for a millennium
(15).

Until recently the burden of MDR-TB in
Bangladesh has not been known. The first
nationwide survey, and the only one done to
date, was conducted in 2011. The results of
this survey were that it was estimated that
among new TB cases 1.4% were infected
with MDR-TB and among previously
treated patients the prevalence was 28,5%.
Of those none was found to be XDR-TB.
The authors of the study however
acknowledge the fact that the prevalence of
MDR-TB may be underestimated (19).
Another factor that may be good to keep in
mind is that even if the percentage of MDRTB is low in Bangladesh, then the
prevalence in the country is so high that
total number of cases is still a rather high
number.

A big breakthrough was made in the
treatment of TB in the 1940's when the first
anti-TB drugs were discovered. However,
the world is facing the challenge that
resistance against the drugs is becoming
more and more common.
Today TB remains a big problem on a
global scale, with 10.4 million new cases in
2015 resulting in approximately 1.4 million
deaths (16). The prevalence varies
dramatically between different parts of the
world. In 2014 there were 58.008 new cases
reported in the EU/EEA countries while at
the same time 209.438 new cases were
reported in Bangladesh. It is estimated that
about half of the population in Bangladesh
is infected with TB. When looking at the
prevalence on global scale, only six
countries accounted for 60% of the new
cases in 2014 (16, 17).

Surveillance of MDR-TB in Bangladesh
For more than two decades the global
project on anti-TB drug resistance
surveillance has been ongoing, making it
the oldest and largest project on antimicrobial resistance in the world. In 2015
the project was covering more than 95% of
the world's population by collecting
information about resistance to TB drugs in
153 countries (15).

MDR-TB and XDR-TB
Multidrug-resistant tuberculosis (MDRTB) is a TB caused by a bacterium that has
become resistant to at least two of the main
first-line anti-TB drugs, isoniazid (INH)
and rifampicin (RMP) (18).

Until recently surveillance of MDR-TB in
Bangladesh has been missing. That is
hopefully changing: the first national
survey on TB prevalence was conducted in
2011 and now Icddr,b is leading a project
aiming to get doctors both in the private and
public branches of healthcare to send
patients they believe may have TB to one of
the three TB screening centers being set up
around Dhaka (20).

Extensively drug resistant TB (XDR-TB) is
when the disease is caused by a bacterium
that not only has resistance against isoniazid
and rifampicin but is also resistant against
any of the fluoroquinolones and at least one
of the second-line drugs (15).
MDR-TB in Bangladesh
In 2015 it was estimated that about 480.000
new cases of MDR-TB happened
worldwide. In the EU/EEA countries it was
reported that 4,0% of the TB cases were
MDR-TB and out of those 17,5% were
XDR-TB (17).

Challenges in the battle of MDR-TB
Bangladesh remains one of the ten countries
believed to account for 77% of the missing
TB cases (i.e. cases of TB not diagnosed as
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MDR-TB) (16).
One of the biggest
challenges Bangladesh faces in the battle
against spread of MDR-TB is the fact that
the MDR-TB is most common in young,
poor males that have been shown to be more
likely to self-medicate instead of seeking
the proper treatment. There is a public
DOTS program where patients can seek the
treatment for free, but mistrust against it
results in persons rather seeking help from
a pharmacist they know than to seek help
within the program.

hospital are represented. Even if the data
collection itself has flaws, there are many
more factors which can influence the
estimates of antibiotic resistance.
In the case of Cholera for example, the
impact of antibiotic resistance is hard to
interpret since the resistance pattern
changes rapidly. Shigellosis illustrated the
importance of available diagnostic tools,
which is another important aspect when it
comes to generating representative data.
Even if there is an existing surveillance
system, can we be sure that all the cases are
identified and later reported? Another
example is the emergence of MDRTuberculosis in countries like Bangladesh,
where many cases are unidentified every
year. This also emphasizes the importance
of finding those missing cases so that the
proper treatment can be administered and
the spread of the disease stopped.

Another problem encountered in the first
nationwide survey is that excessive pressure
from the authorities to reach the goals set by
WHO and Global Fund targets is affecting
how the research is conducting leading to
data having to be excluded for not being
properly collected affecting both the results
and trust in the research conducted on the
subject (19).

Maintaining a functioning surveillance
system requires a lot of effort and financial
support. It also puts a lot of pressure on the
medical staff which already has a lot on
their plate. Even so, trying to map out
resistance patterns is crucial for setting up
treatment strategies and successful
eradication of infections as well as during
neonatal care, cancer therapy and surgery.
In other words, lifesaving efforts which
prolongs the use of antibiotics.

Summary
Even if the true magnitude of the problem
regarding antibiotic resistance is difficult to
estimate, there is no doubt that the emerging
antibiotic resistance is a global problem.
There is a lot of data on prevalence, spread
of disease, treatment strategies and reported
resistant cases available. However, it rarely
illustrates reality as the available data is
usually study or hospital based. In short, a
study can be well planned and even so
generate data that is not applicable to the
large population; and in the case of hospital
generated data, only the patients visiting the
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Malaria
Osiris Ointa, Master student in Infection Biology, Uppsala University

Malaria is a tropical disease, occurred mainly in sub-Saharan areas and South Asian regions.
It is caused by parasites, which are transmitted to people through the bites of infected female
Anopheles mosquitoes, called "malaria vectors". In the case that it isn't diagnosed and treated
in time, it can cause severe symptomatology, even death.4 The importance of this disease can
be highlighted by the fact that one single mosquito bite can be enough for a person to get
infected. According to Centers for Disease Control and Prevention (CDC), in 2015, around 95
countries had ongoing malaria occurrence and approximately 3.2 billion people are at risk of
malaria. 3 Fortunately, malaria can be systematically prevented and cured, a fact that
efficiently reduced malaria transmission. Regarding the recent World Health Organisation
(WHO) global estimation, malaria rate of new cases as well as death rates dropped by 37%
and 60% respectively during the years between 2000 and 2015. In the same time period
children, who are very susceptible to malaria infection (comprising more than 70% of all
malaria deaths) had a drop of death rate by 65% globally.3

Picture1: World parts, where malaria transmission occurs. Malaria manifestation is mostly based on climatic
factors e.g. temperature, humidity, and rainfall.
Source: cdc.gov

Disease – Pathogenesis

responsible for most malaria-related deaths
globally, while P. vivax is the most
common malaria parasite in geographic
areas outside of sub-Saharan region.3

Among five parasite species, which act as
causative agents of malaria, Plasmodium
falciparum and Plasmodium vivax are the
most important threat in human
populations. P. falciparum is the dominant
malaria parasite in Africa, being

Infection with malaria parasites can cause a
large symptomatology spectrum, ranging
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from mild to severe symptoms with high
fatality rates. All the clinical manifestations
of the disease are linked with the blood
stage of Plasmodium parasites, resulting
firstly in fever, sweats, chills, headaches,
vomiting, muscle pains and diarrhoea.
These symptoms appear in around 10 days
after becoming infected, but there are cases
where they appear for in around a year.1,2,4
In case of malaria being left untreated,
Plasmodium
falciparum-infected
erythrocytes can lead to disease syndrome
of the brain- known as cerebral malariaalong with seizures, coma or other
neurologic abnormalities, severe anaemia
and haemoglobinuria (haemoglobin in the
urine) due to haemolysis. Respiratory
distress and enlargement of the liver and
spleen can complete the severe pathogenic
profile, which will eventually lead to
death.2,3

host, the mosquito vector is not harmed by
the presence of the parasites.2

Picture 2: Plasmodium spp. parasitic cycle
Source: cdc.gov

Risk Populations
Malaria infection in humans starts with the
infective bite by the Anopheles mosquito. A
period of time, called the incubation period
goes by before the first symptoms appear,
varying from 7 days up to one month. The
parasites grow and multiply first in the liver
cells and then in the red cells of the blood,
following a cycle by invading other red
blood cells, resulting in haemolysis. When
specific stage parasitic forms, called
gametocytes, are taken up by a female
Anopheles mosquito during its blood meal,
they start another growth cycle in the
mosquito. After around 2 weeks, the
parasites are in a deferent morphological
stage, named as sporozoites, in the
mosquito's salivary glands. The sporozoites
are entered another human by the
mosquito's saliva, during a blood meal of
Anopheles mosquito, starting another
infection. Interestingly, unlike the human

In areas, where malaria is endemic, people
may develop partial immunity, allowing
asymptomatic infections to happen.
However, it should be pointed out that in
those regions pregnant women are very
susceptible to P. falciparum, leading to 814% of low birth weight, which diminishes
the
chance
of
babies’survival.1,2
Undoubtedly, the effects of malaria can act
more severely in pregnant women, babies,
young children and elders due to their weak
immune system. Particularly, pregnant
women are advised not to travel to malaria
endemic regions.4 Other population groups
that are at considerable risk of getting
infected by malaria are patients with
HIV/AIDS, as well as non-immune
migrants, mobile populations and travellers.
Malaria control programs on national and
international level are implemented to
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circumstances for prevention.4 The best
available treatment, particularly for P.
falciparum,
is
artemisinin-based
combination therapy (ACT).3 Medications
for the treatment of malaria during
pregnancy can be chloroquine, quinine,
atovaquone-proguanil and clindamycin.5
According to WHO guidelines, all the
suspected malaria cases must be first
confirmed by parasite-based diagnostic
testing (microscopy works as gold standard)
before
administering
medications.
Treatment
based
solely
on
symptomatology, can be taken into
consideration only when blood testing is not
feasible. 3

protect these groups of people from malaria.
3

Diagnosis
Although P.falciparum infection results in
high mortality if not treated, it has excellent
prognosis if diagnosed early and treated
appropriately.2 Early diagnosis and
treatment of malaria not only reduces the
numbers of diseased people and deaths, but
also helps to minimizing malaria
transmission.3
People
must
seek
medical help
immediately,
when
they develop any symptoms concerning
malaria during or after a visit to a malaria
endemic area. The gold standard, which is
used to diagnose if someone has malaria, is
a microscopy blood test, that will show the
infected with Plasmodium erythrocytes.4
The parasitological results can usually be in
disposal in around 30 minutes. 5

Generally, the drug of choice as well as the
duration of treatment depend on the type of
malaria, the severity of symptomatology
and the geographic area where someone
contracts malaria. Other factors are whether
an antimalarial has already been taken by
the patient as prophylactic measure and in
case of a woman, if she is pregnant or not. 4

Prevention
Concerning prevention, for travellers,
malaria can be prevented through
chemoprophylaxis, which suppresses the
blood stage of malaria. WHO suggests
preventive treatment with sulfadoxinepyrimethamine for pregnant women living
in malaria transmission areas, after their
first trimester of pregnancy.3 Emergency
standby treatments for malaria may also be
prescribed before someone travels, in case
of travelling in a remote area with poor
medical care system.4

Picture 3: Malarial merozoites have penetrated the
erythrocytes in the blood
Source: medscape.com

Treatment
Antimalarial drugs are used for malaria
treatment,
but
also under
some
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The main way however to prevent and
reduce malaria transmission is by vector
control. Protection with effective malaria
vector control is recommended by WHO.
Two forms of vector control, long-lasting
insecticidal nets (LLINs) are and indoor
residual spraying (ITNs), can work
efficiently for all people at risk of malaria. 3

systems, not being capable to assess disease
transmission trends and effectiveness of
new ways of prevention. This of course
results in difficulties for achieving the
greatest possible public health impact.3

Elimination
The rate of progress about malaria
eradication in a particular country will
depend on the strength of its national health
system, the economical investment in
malaria control and public education.
Control measures must be continuously
applied in order for re-establishment of the
disease to be prevented. As many countries
get even closer to malaria elimination,
surveillance systems can provide aid, so
that every infection can be promptly
detected, treated and reported to a national
malaria reference office. 3

Antimalarial drug resistance Insecticide resistance
Resistance to antimalarial medicines reemerges as an issue. A clear example of the
recent past is one during the 1970s and
1980s, when resistance of P. falciparum to
chloroquine
and
sulfadoxinepyrimethamine (SP) occurred, weakening
malaria control protocols and decreasing
child survival rates. This is a good reason
why routine monitoring of antimalarial drug
resistance is now strongly promoted and
supported by WHO and CDC globally. 3

Vaccines against malaria

Large part of the success in controlling
malaria should certainly be attributed to
vector control. Nevertheless, vector control
is very dependent on pyrethroids, the only
class
of
insecticides
currently
recommended for usage in ITNs and
LLINs. Mosquito resistance to pyrethroids
has emerged in many geographic areas
around the world until very recently. Good
news is that resistance is rarely associated
with decreased efficacy of LLINs, which
contributes to significant protection level. 3

There are currently no licensed vaccines
against malaria or any other human parasite.
One research vaccine against P. falciparum,
known as RTS, S/AS01 has been tested in
clinical trials in 7 countries in Africa and
received a positive opinion by the European
Medicines Agency (July 2015). In October
2015, WHO enabled pilot projects for
further assessment of this vaccine within the
next 3 to 5 years. 3

Surveillance

A framework for all the malaria-endemic
countries has been created by the WHO
Global Technical Strategy for the years
within 2016-2030. The global targets of this
strategy include reducing the number of
malaria cases by at least 90%, minimizing
mortality rates caused by malaria to at least

Recent - Future Actions

Tracking the disease enables health centers
and agencies to optimize their actions as
well as control programs as previously
stated. Unfortunately, many malaria
endemic countries have poor surveillance
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90% and eradicating malaria in at least 35
countries by 2030, preventing at the same
time revival of the disease in all countries
that are malaria-free. 3

Other ongoing actions and goals of
International and National Health agencies,
with major ones WHO and CDC, are to
evaluate novel drug candidates in
nonhuman primates, to investigate the
immune stimulation by malaria vaccine
candidates as well as to introduce new rapid
diagnostic tests (RDTs) for malaria in
endemic countries. Further research steps
are being made on the genetic aspects of
malaria parasites in relation to drug
resistance, immunity and disease, creating
molecular tools that monitor drug-resistant
malaria parasites, in order to find the
mechanisms by which drug resistance
develops.2

Simultaneously, CDC's malaria research
program goals to improve understanding of
malaria and invests in finding better
methods for battle the disease. It is worth
mentioned that CDC's malaria research
establishments work as a WHO
Collaborating Center for malaria. In the
context of this collaboration, a toolkit has
been made to help assess the problems
created by malaria during pregnancy, giving
a more solid background as a next step for
alleviating the disease complications. CDC
is also working on testing new technologies
for malaria control, such the “X-RAY
Gun”, an x-ray fluorescence analyser for
fast measuring the amount of insecticide on
ITNs in areas with high malaria incidence. 2

All the previously mentioned approaches to
understanding the relationships among
malaria parasites, mosquito vectors and
vertebrate hosts will gradually create better
solutions towards prevention, treatment and
eradication strategies for malaria.2

Picture 4: CDC’s "X-Ray Gun" measures
insecticide on nets

Picture 5: Rapid Diagnostic Test
Source: cdc.gov

Source: cdc.gov
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Prevention strategies for bacterial diseases in
Bangladesh
Jontana Allkja, Katrin Bartke and Emelie Ekstrand.

Bacterial diseases are very common, especially in low income countries like Bangladesh. The
most impactful ones are diarrhoeal and respiratory ones. In Bangladesh, diarrhoeal diseases
account for very high numbers of morbidity especially in children. The most common ones are
ETEC and STEC, but the most severe one is cholera. When speaking of respiratory diseases,
bacteria causing pneumonia still account for quite high numbers of mortality and morbidity
especially in children below 5 years old. Hence, it is important to know how to prevent these
diseases to lower the number of infected individuals. In this article we go through different
ways of preventing the most common and most severe diseases in these categories in
Bangladesh.
Escherichia Coli – ETEC (Enterotoxin
Escherichia Coli) and STEC (Shigella
Toxin Escherichia Coli). Luckily, the most
dangerous diarrheal causing pathogen
Vibrio cholera is not as common (3).

Introduction
There are many bacterial diseases in lowincome countries, and in Bangladesh the
two top killers are diarrheal diseases and
pneumonia, affecting children under five
years of age the hardest.

Diarrheal diseases can often be easily
treated with fluids and sometimes medicine.
Still, prevention is preferable since it allows
avoidance of the disease in the first place.

In a densely populated country as
Bangladesh, infectious diseases spread
easily and the burden affects both the health
and economic status of its population. The
deaths attributed to diarrheal diseases have
been estimated to 8.5% and for pneumonia
in children under five years the percent is as
high as 28% (1). The burden of pneumonia,
tuberculosis and diarrheal related death and
diseases put Bangladesh among the top ten
countries with the diseases collectively
responsible for one in every five deaths.

Vaccinations
Although ETEC is one of the most common
diarrheal pathogens, both for inhabitants in
Bangladesh and travellers worldwide, a
good vaccine has not been available so far.
A vaccine called ETVAX have been
approved to be tested on volunteers of all
ages to determine its dosage and how well
it protects the person from future disease
(4). This promising vaccine is taken orally
and contain a low dose of inactivated
bacteria to train the immune system to
handle the active disease-inducing bacteria.
The trials is still ongoing and take place in
one of icddr,b’s outposts in the village
called Mirpur.

Diarrheal diseases
Diarrheal diseases are defined by a passage
of three or more loose to liquid stools per
day and the stool can have different
characteristics, often depending on what
type of pathogen caused the disease (2). In
Bangladesh, the most common pathogens
are two toxin-producing variants of
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The Cholera Vaccine

contract the disease and how to prevent it is
essential. For this purpose there are many

As we mentioned
before,
cholera
gives the most
severe form of
diarrhoea
in
Bangladesh and it
amount for very
high numbers of
hospitalisation,
especially
in
children.
Treatments have
managed
to
decrease
Photo 1. Administration
mortality;
of cholera vaccine (taken
however,
the
by Jontana Allkja)
morbidity remains
quite high which is why prevention of
cholera is important. Vaccination is
available for cholera and in Bangladesh
they use ShancholTM. This is an oral killed
whole-cell vaccine which is quite easy to
administer and cheap. Currently there are
trials running to look at how effective and
accepted the vaccine is when a two-dose
regiment is used. These trials are being run
in the slum areas of Dhaka, primarily in the
Mirpur district. (5) Trials have also been
done to look at the efficacy of a single dose
programme however their results showed
that this regiment would not be very
effective especially in children, but it could
be used as an emergency during outbreaks
to prevent the spread. (6) There are also
efforts to try and incorporate the cholera
vaccine into the EPI (Extended Programme
for Immunization) of Bangladesh. Research
shows that it would be very effective at
reducing the burden of cholera both
medically and economically if the vaccine
is introduced in 1- 14 year olds. (7)

Photo 2. Icddr,b social education programmes (taken
by Jontana Allkja)

campaigns by icddr,b and other
organisations to try and change behaviours.
It starts by teaching people to wash their
hands and how to filter their own water. The
latter is a very big problem, especially in
Dhaka where overcrowding and lack of
proper infrastructure make it ideal for the
spread of cholera, ETEC and other
pathogens. One way that people can filter
their own water at home, inexpensively is
through the chlorine dispenser technology
shown in photo 2 which helps disinfect the
water. (8) Other simple ways include
boiling the water before use and making
sure the water source is away from
defecation sites. Also, a novel way is the use
of an old sari or nylon cloth to filter water,
which was shown to reduce cholera cases.
(9)
Using micronutrients such as Zinc and
Vitamin A helps in preventing recurrence of
diarrhoeal diseases especially in children
under 5. This was observed and
implemented by the NRU at the icddr,b
hospital in Dhaka. In Bangladesh, they
administer dispersible zinc tablets and the
vitamin A is usually given through a
specific diet. (10) This diet is called

Social programmes and other measures
The best way to prevent diseases, especially
diarrhoeal ones is through education.
Teaching people about how they can
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khichuri and it is a high caloric diet, made
with cheap, local ingredients. Vitamin A is

Bacterial infections of the lung such as
pneumonia and tuberculosis are not only
amongst the major causes of child mortality
worldwide (12), especially in developing
countries such as Bangladesh they pose a
major risk (13). Whereas pneumonia – an
acute respiratory infection that affects only
the lungs – can be caused by a few different
bacteria tuberculosis (TB) is always spread
via and caused by Mycobacterium
tuberculosis (M. Tuberculosis) (14,15).
Their high prevalence in developing

containing droplets that are secreted when
an infected person coughs, sneezes or even
just laughs or speaks and can then reach the
lungs of a healthy person if the droplets are
inhaled (14,15). The pollution roughens up
the airways which increases coughing and
helps bacteria infect the tissue (17).
Overcrowding leads to more and closer
contact between people, increasing the risk
of inhaling the droplets. As the morbidity
and mortality caused by bacterial infections
of the lung increased in Bangladesh it
became evident that a prevention system is
needed. A national vaccination program
was launched that is since 1979 supported
by the Expanded programme on
immunisation (EPI) of the World Health
Organization (WHO) (18). The programme

countries is mostly due to increased risk
factors in these areas such as overcrowding,
pollution and poor ventilation, malnutrition
or an otherwise compromised immune
system and in a lot of areas a lack of
education (14). All of these risk factors can
be found in Bangladesh. It is one of the most
polluted and overcrowded countries in the
world (16). This favours the transmission of
both TB and bacterial pneumonia. They are
both mainly transmitted via bacteria-

includes vaccines against the two most
common causes of bacterial pneumonia
Haemophilus
influenza
B
and
Streptococcus pneumoniae (14,19). The
vaccine Haemophilus Influenza B3 (Hib3)
is effective against H. influenza B whereas
the Pneumococcal conjugate Vaccine 3
(PcV3) has a protective effect against S.
pneumoniae. When Hib3 was introduced in
2009 it quickly achieved a coverage of more

present in the pumpkin served with the
khichuri. (11)

Bacterial lung infections
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Overall, the implementation of EPI in
Bangladesh has helped push back illnesses
caused by vaccine preventable diseases
tremendously (19). However, as a lot of the
vaccines in use today are far from perfect.
For optimal prevention of bacterial lung
infections, the vaccination campaigns
therefore need to be supported by better
education – both about transmission and
prevention as well as treatment.

than 90% which is still true today (see Fig.
1A). PcV3 was only introduced last year
and still had a coverage of less than 50%
(see Fig. 1B). Moreover, S. pneumoniae is
a bacterial species that comes in several
different
variations, usually called
serotypes. There are more than 90 different
serotypes of S. pneumoniae; the vaccine,
however, can only protect against 13 of
those. All other serotypes are missed and
can still infect (20). Thirdly, the EPI
includes a vaccine called Bacillus CalmetteGuérin (BCG) that is effective against M.
tuberculosis.
Even
though
the
immunization coverage is with ~90% fairly
high (see Fig. 1C) and it has definitely
contributed to reducing TB especially in
children, infections with M. tuberculosis are
still a big problem in Bangladesh. This is
mainly since the vaccine has a questionable
efficacy. This means that vaccinated
individuals do not have a 100% protection
against M. tuberculosis (21).

Conclusion
Bangladesh has come far on its way to
successful prevention of bacterial diarrhoea
and infections of the lung. The impressive
immunization coverage they have achieved
in such a short time as well as the social
programmes and the increased education in
hospitals and health centres has gone a long
way to improve the situation of Bangladesh's
population.
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Enteric and respiratory infections in a global context
Andreas Torell, Sascha Krakovka, Vesna Radić, Maria Soultsioti

From a global perspective enteric and
respiratory diseases are not only the most
common infectious diseases but also
especially interesting as they usually are
spread via simple and direct means like
human to human contact or via our food
and water. On the other hand, they are
becoming less and less of a life threat for
immunocompetent people in the developed
countries while still remaining very
dangerous for immunosuppressed or
weakened people and in a developing
country environment where treatment
might be suboptimal. For example,
between 2000 and 2015 14% of deaths of
children under 5 worldwide were caused
by Pneumonia and another 9% by
Diarrhoea. [1]

country like Bangladesh in 2004. [2]
DALY stands for disability adjusted life
years and is a measurement of how much
time as a healthy individual and thereby
potential contributor to society is lost by a
certain disease or condition. Death and
severe disability have hereby higher levels
then for example a mild flu like disease
that is causing little reduction in working
potential.
Both enteric and respiratory infections can
be caused by vira, bacteria, Fungi and
parasites, with most infections being
caused by vira and bacteria and the fungi
being mostly limited to not fully
immunocompetent patients.
In the following we will take a closer look
on important pathogens that you should
know and that are either major killers or
cause massive amounts of people to stay
home due to sickness. We will hereby
focus on bacteria and viruses as they are
most widespread. On a side note always
remember that multiple infections are very
common and while being well researched
on in developed countries, in developing
countries often only bacteria are tracked as
viral infections are at cost of 100$ per
patient costly compared to the 5$ for
testing on bacterial disease.

1: Causes of Child mortality according to
WHO

Respiratory Infections

Yet, as of today those diseases also have
great impact on the economy as they cause
massive amounts of sick leaves all over the
world. This can be seen in the fact that
those infectious diseases caused about 5%
of DALY in a developed country like
Sweden but about 25% in a developing

Respiratory infections can be divided by
place of infection into Upper Respiratory
Tract Infections(=URTI) and Lower
Respiratory Tract Infections(=LRTI). The
URT consists of nasal cavity, mouth,
pharynx and larynx- in other words very
thing above the vocal chords. Logically the
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LRT is formed by everything below the
vocal chords, to name it
trachea(=windpipe), and the lungs
themselves with the bronchioli and alveoli.
In general, one can say that infections
affecting the URT are less harmful while
infections in the LRT are more dangerous.
An example for an UTRI is the common
cold, one common LRTI is pneumonia.

or form a colony that stops the immune
system from working properly and the
ability to take up genetic material from
other bacteria, picking up new abilities like
antibiotic resistances in this way. The
disease itself however is not caused by the
bacterium but rather by the body’s immune
reaction filling up the lung with mucous
resulting in blockage of air exchange.
[3;4;5]

Respiratory infections caused by
bacteria

The second bacterium we want to talk
about in the context of respiratory
infections is Mycobacterium tuberculosis,
the causative reagent of tuberculosis(TB)
or wasting disease. This disease used to be
a major killer all over the world for most
times causing as many as 4000 of a
population of one million to die per year in
England and Wales in the 1840s. Since the
disease needs long close contact between
sick and healthy to spread following better
living conditions with warmer and drier
housing and less overcrowding for the
existing houses this rate dropped
dramatically in the developed world only
to be enhanced by the development of
antibiotics. However, in the developing
countries said overcrowded living situation
is still widespread, people are weak due to
malnutrition and other diseases, so TB is
still as important of a killer as ever.

A number of different bacteria of very
different kind and appearance can cause
varying respiratory infections. One of the
most important type is pneumonia, which
can be caused by among others
Streptococcus pneumoniae, responsible for
2/3 of all pneumonias. Other bacterial
pathogens worth of mention are
Streptococcus aureus, Pseudomonas
aeruginosa, Klebsiella pneumonia and
Haemophilus influenza. Due to the huge
impact of S. pneumoniae we will limit
ourselves to this bacterium for pneumonial
disease.
S. pneumoniae is a lancet-shaped
bacterium that has a protective capsule
surrounding it and can be found in the
nasopharynx of about 35% of the healthy
population worldwide not causing any
disease. From there it can reach other parts
of the body and cause disease. Moving
may be caused by an supressed immune
status or other factors like dry air or
smoking. It can cause a variety of different
infections including ear infections,
infections of the brain, sinus infections and
bloodstream infections.

One factor that makes TB especially tricky
is the fact that patients can be sick for
years without symptoms than to deteriorate
rapidly without apparent reason. The
reason for this is that the human body tries
to control Mycobacterium tuberculosis by
forming a capsule of immune cells around
it to contain the bacteria. However, the
effort is in vain as these bacteria then
invade the immune cells and grow inside
them multiplying in the formed tubercle
until at one point it ruptures and the

S. pneumoniae is especially problematic
since it has the many different so called
virulence factors that can be for example
enable it to attach to the alveolar surfaces
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disease sets on. These tubercles also
protect M. tuberculosis from some
antibiotics as fluid exchange between in
and outside is slowed down dramatically.
All this would be bad enough to combine
in one bug but M. tuberculosis also is
known for its notoriously fast development
of antibiotic resistance making a
combination treatment over a long period
of time needed. The costs of this treatment
are of course a big burden to people
especially in low income settings,
intensifying the impact this disease still has
even today in developing countries. [6]

In temperate climates RSV spreads
during winter months leading to annual
epidemics. However, in tropical climates,
infections are most common during the
rainy season and for example in
Bangladesh RSV infections occur from
November to February [8].
Comparative studies that took place in
developing countries showed that
specifically Bangladesh has the highest
percentage of RSV viral load presence in
lower tract respiratory infections. The
same studies proved that it is the most
common cause of viral infections in infants
[9].
Unfortunately, there is no vaccine
available yet but there are several in
clinical trials showing promising results.

Viral respiratory infections
A bacterial respiratory infection may be
followed by a viral infection (and vice
versa) making multiple infections and coinfections very common. However, the
viral infections are usually not detected in
the developing countries as the detection
techniques are expensive (they cost
approximately 50€/person).
Viral respiratory infections usually begin
as a viral infection in the nose, trachea or
lungs and later they spread to the
respiratory system. They constitute for
more than 60% of the acute lower
respiratory tract illnesses (LRI). The most
common etiologic agents of the viral
respiratory tract infections are: Respiratory
Syncytial Virus (RSV), Influenza A and
Influenza B viruses.
RSV is highly contagious and infects the
respiratory tract [7]. Its incubation period
is on average 4 to 6 days. In general, an
RSV infection causes minor cold like
symptoms but in infants or elderly people
it can be more dangerous and lead to acute
lower respiratory tract infections,
bronchiolitis, asthma, pneumonia, acute
otitis media or recurring infections [8].

Influenza is a contagious respiratory
illness caused by influenza viruses. There
are three types of influenza viruses: A, B
and C. Influenza A viruses infect humans,
mammals and birds. They are responsible
for the human pandemics. Influenza B
viruses are almost exclusively human
pathogens. It can be hard to distinguish flu
symptoms from the common cold
symptoms [10]. In Bangladesh 28% of the
flu cases are associated with clinical
pneumonia [9].
Influenza viruses are responsible for
yearly outbreaks around the world. The
viruses cause mild cold-like symptoms
which develop later on with fever,
headache and chills. Outbreaks of
influenza viruses occur mainly during the
winter in most parts of the world, but in
countries close to the equator the outbreaks
can occur at any time of the year. Old
people, infants and people with health
problems are at risk. In the 20th century
three large outbreaks were reported: the
Spanish influenza (1918), the Asian
influenza (1958), the Hong Kong
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influenza ( 1968). More than one million
people died during each outbreak. An
outbreak of a new type of influenza
(A/H1N1), which is associated with the
Spanish outbreak of 1918, was declared to
be a pandemic in June 2009, by the World
Health Organization [11].
Since March 2007 there have been
several cases reported in Bangladesh of
infections with the subtype H5N1, which is
responsible for the ‘avian influenza’ or
‘bird flu’. For this reason the government
started a program during which several
chickens were killed in order to control the
number of the animals and the spread of
the disease. The program was successful as
the disease does not appear in Bangladesh
currently[12].

Enteric infections
Gastrointestinal diseases represent a big
issue in developing countries and are mostly
caused by pathogens in contaminated food
or water. Widely known are different strains
of E. Coli that are also the most common
causatives of traveler's diarhhoea. Besides
E. Coli there is a variety of other bacteria
such as Shigella, Salmonella, V. cholerae, ..
that cause either stomach or intestinal
infections. While presence of mentioned
pathogens in food/water is nothing unusual
in developing countries, outbreaks
associated with them are very rare in
developed world – same applies for diseases
caused by protozoa and parasites. What
both groups have in common are
gastrointestinal infections caused by
viruses.
Rotavirus,
norovirus
and
adenovirus are just one of the many diseasecausing viruses that are present in both
developed and developing countries.

BOX 1: Facts about the respiratory diseases

Bacterial infections






Lower respiratory tract infections are
usually more dangerous than upper
respiratory tract infections.
Streptococcus pneumoniae is found in
the nasal cavity of many healthy
individuals but also causes about 2/3
of all pneumonia as well as many other
diseases.
TB remains a problem as treatment is
expensive, complicated and needs to
be adjusted to meet the evolving
antibiotic resistance of the causing
bacterium.

Symptoms are very distinctive and include
vomiting, diarrhoea (either bloody or
watery), abdominal pain, and nausea.
Incubation period is 2-5 days and symptoms
last up to 10 days. Although complications
are not frequent, dehydration can be a
serious threat to the patient so it is very
important to stay hydrated during illness. In
severe cases ORS should be used (oral
rehydration solution) in order to re-establish
the electrolyte balance. WHO promotes the
use of therapy with inexpensive glucose and
electrolyte solution which has drastically
lowered the number of deaths due to
dehydration.

Viral infections







Responsible for more than 60% of
the acute lower respiratory tract
illnesses (LRI) worldwide.
RSV and Influenza viruses the most
common causes.
RSV the most common cause of
viral infection in infants in
Bangladesh.
H5N1: a potential emerging
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Viral gastroenteritis
Enteric diseases caused by viruses (also
called »stomach bugs«) are mostly spread
by person-to-person contact or via
food/water contaminated with faecal
matter. They are very contagious and the
highest risk of transmission have facilities
with many people, such as schools,
kindergartens, nursing homes, etc. Two
representatives of this group are rotavirus
and norovirus.

Bacterial gastroenteritis
Bacterial gastroenteritis is spread via the
fecal-oral route manly via contaminated
water or food. The infectious dose can vary
substantially between different organisms,
for instance: the number of V.cholera a
person needs to ingest in order to get the
disease is more than 1000000 bacteria while
for Shigella the corresponding number is
10-100 bacteria. The group that is most
affected by these diseases are children
under the age of 5 but other risk factors
include malnourishment and natural
disasters such as floods where the safe
water sources have been compromised.

Rotavirus infection is very common in
children and infants. Its incubation period is
around 48 hours and the disease usually
resolves by itself after 3-8 days. As
mentioned
earlier,
viral-associated
gastroenteritis is globally distributed and
therefore we can find 2 available vaccines
against rotavirus on the market: RotaTeq
and Rotarix. Although they are used in the
same way both in developing and developed
countries, the efficacy for these vaccines
varies and it is much lower in developing
countries.

Enterotoxigenic E. coli (ETEC) is the most
common culprit when it comes to bacterial
diarrhea in the developing world as well as
the leading cause for traveler’s diarrhea.
While E. coli is a normal bacterium that
inhabits the human gut without causing any
hard what so ever, ETEC is E. coli that have
acquired toxin producing genes. ETEC
produces two toxins called heat-labile toxin
(LT) and heat-stabile toxin (ST) and as the
names suggest, LT is inactivated by heating
while ST is not. Both these toxins cause
cells in the intestine to secrete electrolytes
and water which causes diarrhea. The
disease can usually be managed by only
giving the patient oral rehydration
supplements and convalescence of the
disease is achieved without antibiotics in
most cases [13].

Norovirus is another globally spread virus
that causes »winter vomiting disease«.
Since there are many different strains of it,
vaccines are not available. Incubation
period is 12-48 hours and disease duration
1-3 days. Source of outbreaks are usually
infected food workers. Norovirus infections
are diagnosed in many of the hospitalized
diarrhoeal patients in Bangladesh.
The first step in resolving the issue of viral
gastrointestinal
diseases
would
be
highering the hygienic standards among
food workers and frequently washing hands
with warm water and soap, especially after
using the bathroom. Another way to
eradicate these disease would be providing
quality drinking water, which would
minimize the number of outbreaks.

Vibrio cholera is a much rarer disease
compared to ETEC but in contrast much
more severe. The disease is easily
identifiable by the characteristic “rice
water” diarrhea and vomiting. The fluid loss
that this disease causes can be so severe that
a person can die within 4 hours of diarrhea
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and vomiting if not treated. Oral
rehydration is a very important treatment in
this disease but if the person is severely
dehydrated the blood flow to the intestine
can become so low that no fluid can be
taken up by the body and therefore intravenous fluid is the most important
treatment. Additionally, there is a well
working vaccine but the real problem is to
get good coverage in rural areas. V.cholera
produces a very potent toxin called cholera
toxin (CTX) which works in the same way
as the ETEC toxins in causing enteric cells
to release water. The mortality of this
disease used to be around 50% in
developing countries due to poor treatment.
However, nowadays the number has been
reduced to below 1% with treatment even in
very poor countries such as Bangladesh
[14].

spreads to the kidneys it will start to destroy
the vasculature and leads to blood in the
urine and a higher mortality [15]. However,
the most serious type is shigellosis
encephalopathy which causes neurological
symptoms such as coma, seizures and death.
These symptoms are caused by the
bacterium interfering with a hormone called
Vasopresin which controls the retention of
water in the body. Vasopresin is produced
in too high concentration which leads to the
bloody being diluted too heavily so that the
level of sodium becomes fatally low. The
best treatment of this disease is rehydration
and antibiotics [16].

Either respiratory or diarrheal disease is
dangerous and can lead to complications
and mortality. However, in developing
countries it is not uncommon (especially
children) to be affected by both condition
simultaneously. Having either disease
increases the risk of getting the other
disease and having both diseases is
associated with a much higher mortality
than with only one of them. Complications
associated with diarrhea and respiratory
disease includes: bacteremia, severe
malnutrition, metabolic acidosis and
immune deficiency [17].

Shigella is a very diverse group of bacteria
with many species causing disease.
Shigellosis is characterized by dysentery –
bloody diarrhea, fever and more rarely
bloody urine and neurological symptoms.
99% of shigellosis occur in the developing
work and of those 2/3 are children. Shigella
harbors many virulens factors including a
potent toxin named Shiga toxin (STX)
which kills cells very effectively by
inhibiting protein production. This is what
causes the bloody diarrhea since the
bacterium destroys the gut and blood
vessels which is further amplified by
massive inflammation. If the bacterium
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Unintended pregnancies and illegal abortions in
Bangladesh
Arsema Yohannes, Sebastian Pineda, Elin Öhgren

women to find alternative and dangerous
solutions

Unintended pregnancies has a tendency to
result in abortions in many cases, regardless
where in the world you live[2].
It may be due to the responsibility,
emotional strain and/or financial support a
child requires to be raised. The option of
proceeding with an abortion is however not
possible for every woman, due to laws and
legislations in various countries. About
80,000 women die each year from
complications caused by unsafe abortions
and around 95 % of them live in developing
countries[1]. World health organisation
states that, the easiest way to decrease and
prevent maternal mortality is to stop unsafe
abortions[7].

Figure 1: Global abortion laws

Trends of unintended pregnancies
An unintended pregnancy is defined as a
pregnancy that have happened without
being planned at that specific time or not
wanted at all within married couples[1]. The
Bangladesh Demographic and Health
survey could in 2011 show that trends in
unintended pregnancies has declined
overall from 33 % to 29 %, which indicates
awareness have increased within the
population[3].

Abortion law
Bangladesh, along with other countries in
Asia, Africa and South America have the
strictest abortion laws in the World when
compared to abortion laws in Sweden and
the rest of the Western world[2]. A precise
number of abortion cases per year, has
unfortunately not been reported. Abortion
in Bangladesh is only allowed in specific
conditions such as to save a mother’s life
and the law has only been waived once in
1971, for women who were victims of rape
during the liberation war against Pakistan[1].
The abortion law in Bangladesh were
drafted in 1860 and is adopted from an old
British Colonial law. Whereas in Britain,
the former very strict abortion law have
become more liberalized. Such restrictive
abortion laws can in many cases force

Figure 2: Trend showing a decline in of unwanted
pregnancies between 1993 - 2011

Extensive efforts have been done by the
Bangladeshi government and health society
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to inform the population about various
contraceptive methods; both modern and
traditional and where to accesses it. Figure
3 shows an increase of contraceptive use
among married women from 1975 - 2014,
were 62 % of women interviewed were
using contraceptives in 2014[5].

drinking bottles of yellow unknown liquid
supplied from local Kobiraj (traditional
healers) and incorrect use of oral
contraception [1].
Generally, the amount of unwanted
pregnancies has been steadily decreasing
due to the introduction of MR as previously
state. However, there is still a significant
amount of unwanted pregnancies with the
unmet need for family planning being
estimated at 12% as of 2014 as seen in
figure 4 [3]. Unmet need for family planning
is characterised by women who are not
currently using contraception but who wish
to postpone their next birth or stop
childbearing altogether.

Figure 3: Percentage of women using contraceptives
in urban and rural areas, both modern and traditional
methods

First political attempts to increase the
awareness was done in 1979. When
introducing Menstrual Regulation (MR)
into the family planning program.
MR is a broad-term to describe several
forms of contraception used to establish
non-pregnancy. According to guidelines
made by the government in 1980 , MR can
be performed by a medical doctor within
10 weeks and up to 8 weeks by a
paramedic, counting from the last missed
menstruation, so long as a pregnancy
confirmation test is not performed
beforehand.

Figure 4: Percentage of unmet need for family
planning among currently married women aged 1549, 2014 BDHS [2].

MR in Bangladesh currently consists of
using Manual Vacuum Aspiration (MVA).
MVA is a method which involves using
pressure created from a manual pump to
create a vacuum in a woman's womb to
empty out the uterine contents. The
procedure is typically short at 15 minutes,
however a significant amount of
preparation is required as it is considered a
type of surgery in Bangladesh and as such a
sterile room and sterilised equipment is
needed along with specialised staff [1]. The
risk of complications using this method is

Abortion methods
In Bangladesh there is currently an unmet
need for family planning. In a previous
follow-up study to Gipson & Hindin 2008,
it was revealed that half of the couple’s
interviewed have admitted to attempting
abortion in one form or another [1]. These
methods can include allopathic or
homeopathic medicine, plant roots,
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very low if performed correctly. However,
if performed by an inexperienced
individual,
complications
such
as
haemorrhage or perforation can occur
putting the life of the patient at risk [1].

rural living women get their healthcare
needs from.
Another issue in regards to access of MR
services is cost. It is meant to be provided to
women free of charge, however, this is
often rarely the case. It was found in a
previous study that only 11% of women
paid nothing for their MR services, with
19% paying less than 100 BDT whilst 37%
paid between 500-1000 BDT [1]. This
highlights the potential for corruption and
exploitation to take place with the supply of
these type of services due to the cultural
taboo associated with becoming pregnant
outside of marriage. This can be further
highlighted by one study from Matlab
which found that unmarried adolescents
were 35 times more likely than married
adolescents to use unsafe abortion methods
[1].

There has been some pressure from doctors
in Bangladesh to replace MVA with two
well-known abortion drugs; Mifepristone
and Misoprostol [1]. Mifepristone blocks the
hormone progesterone needed to maintain
the pregnancy. Due to the blocked hormone,
the uterine lining begins to shed. This leads
to the cervix beginning to soften and
bleeding may occur. Misoprostol causes the
uterus to contract and the pregnancy is
usually expelled within 8 hours. There has
also been a call to produce the drugs in
Bangladesh as it will allow healthcare
providers and the government more options
to improve the distribution of the drugs
along with informing pharmaceutical
distributors the correct dosing instructions
[1].

Future challenges
Bangladesh has shown big promise in some
areas of women's reproductive health since
the introduction of Family Planning (FP) in
the 1950’s. However, there are some tough
challenges remaining due to the fact that FP
and MR services are not truly available for
every woman in Bangladesh. This is
because of the lack of knowledge and, in
some cases, unofficial fees and health risks
of the service as previously state[4]. The
facilities and funding are situated across the
country but the topic is too stigmatized for
the majority of people in Bangladesh to
bring up, which obstruct the spread of
information about FP and MR in
Bangladesh.

MR is still not a service that is widely
known to exist in Bangladesh. Only 46% of
married women know about MR.
Additionally, of those that have ever heard
of MR, only 13% have used it at some point
in their lives. The use of MR is believed to
increase with the age of the women [1]. That
being said, the exact magnitude of the
population having used MR is currently
unknown, although it is estimated to be at
9% of the total population [1]. Access to MR
in Bangladesh can also be an issue. An
estimated 26% of women who were seeking
MR services were rejected by providers in
2010 with these rejections being highest in
rural areas and private healthcare providers
[1]. This is evident in that the majority (2/3)
of all MR procedures (estimated at 653,100)
were performed in the public sector as
opposed to the private sector where many

The most available clinics providing FP and
MR are satellite clinics. However, 37%
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adolescent mothers in Asia[6]. ome young
women in Bangladesh are told about
intercourse and contraceptives a couple of
days before marriage, but if the women
instead marry at an older age they can
potentially have more time to be prepared
and informed about FP methods[5].
Currently it is illegal for women to marry
before the age of 18, but it is clear that this
law is not currently heavily enforced and
therefore
the
consequences
and
enforcement of such laws should be
reviewed.

percent of ever-married women, mostly
consisting of younger women, were not
aware of the existence of satellite clinics,[5].
This can lead to women turning towards
unsafe abortion methods like over-thecounter drugs and traditional healers.

Another fact reflecting the lack knowledge
and coverage of the services is the data of
contraceptive use. Today, FP services
distribute both long- and short-term
contraceptives, but the awareness of this
varies greatly in different regions of the
country. The mean usage of contraception is
61% in the whole country, while the usage
is as low as 25% in the district Bandarban,
located in South-East Bangladesh[5]. A
usage that low is very alarming since the
best way to prevent an unintended
pregnancy is by the usage of contraceptives,
which makes this one of the most important
keys points to focus on in order to reduce
the amount of unsafe abortions.

The method of MR is also in need of
improvement in order to reduce the amount
of unsafe abortions. Today the MR service
is not completely safe since far from all staff
providing the service is trained to do it2. The
solution as previously mentioned is to
provided MR seeking patients with the
abortion
drugs;
mifepristone
and
misoprostol. This would reduce the risk of
infection, increase the availability of MR,
decrease the government cost of MR and
save money from the FP budget which can
be used to further increase the coverage of
FP in Bangladesh.

The promotion of FP has to be wider to
reach out to all areas of Bangladesh. This
can be done via commercials or by
introducing sexual reproductive health in
the school curriculum. Also, there has to be
more public or private providers of the
services in order to improve the availability
of it.

Overall the improvements of women's
health in Bangladesh after the introduction
of FP and MR are impressive. Based on
current statistics and projections, these
improvements will likely continue.
However, unless the subject of women
reproductive health is discussed more
openly in the political and medical setting
and the topic is less stigmatized, the issue of
unintended pregnancies and unsafe
abortions will never be truly resolved

Another important factor of unintended
pregnancies is the young age of marriage in
Bangladesh. with the age of marriage being
strongly correlated to the age of the first
intercourse. The mean age of marriage is
only 15.8 years and the country has the
largest relative population percentage of
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Surveillance and Control of Malaria in Bangladesh
Jana Grüttner and Tifaine Héchard.

Plasmodium is a genus of protozoa parasites
causing malaria in about 214 million people
worldwide 1. There are more than 100
species of Plasmodium, five of them (P.
falciparum, P. vivax, P. ovale, P. malariae
and P. knowlesi) can cause malaria in
humans. Among them P. falciparum is
responsible for most of the cases, followed
by P. vivax 2. The parasites are spread to
people through the bites of infected female
Anopheles
mosquitoes.
After
the
inoculation, Plasmodium sporozoites infect
liver cells where it grows and multiplies.
Then, they pass to the red blood cells, and
cause their rupture. The destruction of those
red cells is responsible of the symptoms of
malaria. Some parasites will differentiate
into a sexual stage (gametocytes), those
gametocytes are present in the blood and
will be ingested by a female Anopheles
mosquito. Several stage of Plasmodium life
cycle, i.e. the sexual reproduction takes
place in the Anopheles mosquitoes. During
the last stage, the Anopheles sporozoites are
present in the salivary glands and are able to
infect another human host when the
mosquito takes a blood meal 2.

Three of the districts have a high number of
cases and contribute for 80-90% of the
cases. They are situated in the east of
Bangladesh, in a hilly and forested region,
close to the border with both India and
Myanmar.

Figure 1: Number of cases of malaria in
Bangladesh in 2014.

34% of the population of Bangladesh is at
risk to be infected with malaria, which
represent about 13.25 million people 34. In
2014, 57 480 confirmed cases and 45 death
were reported. WHO estimate that the
number of cases in 2013 ranged between
500 000 and 1 000 000 and the number of
death between 69 and 3 200. P. falciparum
has been reported to be responsible for 91%
of the cases and P. vivax for 9%. Out of 41
Anopheles mosquitoes species found
globally which can transmit malaria, 34 are
present in Bangladesh. Bangladesh has a
relatively low number of malaria cases
compare to the other countries of the southeast Asia region. The neighboring
countries, India and Myanmar, have a much
higher prevalence of the disease. Since
2008 the number of malaria cases in
Bangladesh was decreasing, however
during the years 2014 and 2015 the
incidence has increased again. The potential

Most of the malaria cases occur in Africa
(88%), but the disease is also present in
South-East Asia (10%), in the Eastern
Mediterranean Region (2%) and in South
America. Malaria caused about 438 000
death worldwide in 2015 1.
Bangladesh is an endemic malaria region
according to WHO. The disease is endemic
or sub-endemic is 13 of the 64 districts,
situated in the east and north-east part of the
country.
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causes for this change in the incidence trend
may be an early and interrupted rain and
increase in humidity and temperature 1,4.

In Bangladesh, malaria control is mainly
conducted by the National Malaria Control
Program (NMCP) which is part of the
communicable disease control division of
the ministry of health and family welfare.
The ‘national strategic plan 2015-2020’
aims a malaria free Bangladesh with ‘zero
case and zero death’ by 2020. The control
program contains different control
interventions for achieving the goal of
malaria elimination. One main intervention
is the distribution of long lasting
insecticidal nets (LLINs) to all people at
risk. Also vector control in the endemic
areas is aimed and the indoor residual spray
(IRS) is recommended in risk households.
Other
highly
important
control
interventions are the early diagnosis and the
rapid and effective treatment of malaria
patients. Diagnostics can be done for free of
charge in the public sector by either a rapid
diagnostic test (RDT) or by microscopy.
Treatment should start as early as possible
and uncomplicated cases should be treated
with
Artemisinin-based
Combination
Therapy (ACT), which is as well free of
charge in the public sector. The sale of oral
artemisinin-based monotherapies is not
allowed to lower the risk of resistance
occurrence. The ultimate goal is to diagnose
100 % of all malaria cases and to start
treatment within 24 hours after the first
symptoms
occur.
Education
and
communication campaigns are an important
point in the malaria control program. It is
crucial to increase the awareness in the
community about the risk, the prevention
and the treatment of malaria5.

Figure 2: Picture of Chittagong hills, a hilly and
forested region.

In Bangladesh, the surveillance of malaria
is organized at three different levels;
national level, district level and sub-district
level. Surveillance units are formed either
by Bangladesh government or by BRAC
(Building Resources Across Communities).
The sub-district health complexes are
equipped with a web-based management
information system where both government
and NGO can report cases. Those reports
contain the number of blood slide
examination and positive cases, the
identification of P. falciparum and P. vivax
patients,
the
treatment
used
for
uncomplicated or severe malaria, the
number of community and facility level
patient identification through RDT (rapid
diagnostic test) and microscopy, the number
of pregnant women and the age of the
patients. The problem with this report
system is that the reports are not regularly
done and sometimes are not complete,
particularly when coming from the private
sector. Another way of reporting malaria
cases is a less systematic and more specific
kind of surveillance, conducted mainly for
research purposes, especially for specific
risk populations. People at risk are young
children, pregnant women, HIV patients
and travellers from non-endemic areas5.

As many other malaria control programs,
the Bangladeshi malaria control program
faces difficulties. A survey conducted in
2012 in the Chittagong Hill area of
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Bangladesh highlighted problems in the
National Malaria Control Program6. The
research team showed that many
households still go to drug vendors for
treatment and take malaria drugs without
proper diagnosis. Unfortunately, oral
artemisinin-based monotherapies are still
available on the private market and are
therefore still in use. Furthermore, one
fourth of the study population relied solely
on non-control program treatments. Known
risks of low-control program usage are
insufficient treatment of malaria patients,
the misuse of anti-malaria drugs and a
higher risk of resistance development6.
Furthermore, it has been shown that low
socioeconomic status and low educational
level are closely related to insufficient
knowledge of the transmission, prevention
and treatment of malaria7. Therefore, the
effort on education and communication
campaigns must be high if Bangladesh
wants to achieve the elimination of malaria
in all regions of the country. Another
shortcoming which was mentioned by the
survey are the insufficient numbers or the
high dropout rates among health workers of
the national malaria control program6.

development of resistance to the drug
artemisinin1. South-east Asia is known to be
a hotspot of drug resistance development.
Already in 1962 the first case of
chloroquine resistance occurred in
Thailand. Today resistance to most antimalaria drugs is present in Bangladesh
including
chloroquine,
sulfadoxinepyrimethamine,
mefloquine
and
3
primaquine . The first clinical case of
artemisinin resistance was reported in 2008
in western Cambodia. Artemisinin
resistance is confirmed in 5 countries of the
Greater Mekong sub region (GMS):
Cambodia, the Lao People’s Democratic
Republic, Myanmar, Thailand and Viet
Nam1. Therefore, Myanmar which has a
direct border with Bangladesh, has cases of
resistance1. It is a questions of time before
the resistance will spread over the border to
Bangladesh. Therefore, it is of great
importance to gather all resources to
achieve the aim of a malaria free
Bangladesh and to monitor the spread of
resistance. Artemisinin resistance could
become a major health security risk in all
malaria endemic countries since there is no
alternative drug to artemisinin1.

A main concern of WHO, NGOs, research
centres and Governments is the
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Amebiasis: Insights from an unfinished struggle
Daniel Rivas

developing countries around the world the
situation does not look any better as it
accounts for the fifth major cause of
disease in Mexico and an important
communicable illness in countries such as
Lybia, Nepal and Papua New Guinea.

It is not uncommon to read in the
newspaper about tuberculosis, cholera or
even malaria and influenza, their threat to
public health. These deadly diseases can
spread throughout the population causing
serious loses in human lives. However, we
must not forget that there are other actors
at play. With estimated 50 million new
infections and 100,000 deaths per year,
amebiasis sets as the second most common
cause of death from parasitic disease
worldwide, just behind malaria. According
to experts, these numbers as high as they
are could be reduced by provision of
adequate sanitation worldwide, but sadly,
they emphasize, this situation is unlikely to
happen in the foreseeable future.

Dr. Zannatun Noon, a researcher at the
International Centre for Diarrhoeal Disease
Research in Bangladesh (icddr,b) who
recently received a PhD from the
University of Virgina, USA, and an expert
in this field, comments that there is hope
for fighting back amebiasis. According to
Dr. Noon, there must be development in
three key areas: diagnostics, treatment and
prevention. In fact, a reliable diagnostic
tool has been developed during the early
2000s at icddr,b. This method reduces to
the minimum the number of false negatives
and false positives rendering as the best
diagnostic tool for amebiasis. Contrary to
this, there has not been any improvement
on the remanding two areas; no other drug
apart from metronidazol has been
developed for more than half a century,
and a practical preventive measurement
such as vaccination is also lacking.

Amebiasis is caused by a unicellular
organism from the lowermost branches of
the eukaryotic tree, Entamoeba histolytica.
This pathogen is not a newcomer rather an
old friend, known by Hippocrates during
the time of ancient Greece but firstly
observed through a microscope until 1875
in St. Petersburg, Russia. The infection is
normally initiated by the ingestion of
fecally contaminated water or food
containing the infective form of the
parasite. Once in the gastrointestinal tract,
these organisms proliferate and invade
mucosal layer. If the intestinal barrier is
breached, spread to other sites such as liver
may follow.

In conclusion, amebiasis persists being a
true public health issue worldwide that
should not be overlooked. It prevails as a
reminder that we are in deep and urgent
need for more scientific and technological
development. To quote Mahatma Gandhi
“the future, our future, depends on what we
do today”.

Diarrhea is the main presentation of
amebiasis and an especial concern in
developing countries, such as Bangladesh
where it causes 1 out of every 30 children
to die before their 5th birthday. In other
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Urban wild rats – harmless neighbors or a serious threat
to public health?
Sofia Rydahl

Problems with rats are present in most urban areas of the world. The extraordinary
characteristics of these animals: their short time between birth and sexual maturity, their low
demands regarding food sources, their high fecundity and their physical abilities in terms of
climbing, jumping and squeezing through even the tiniest holes, make them most successful in
thriving and proliferating in urban areas despite numerous attempts to eradicate them.
Ubiquitous urban wild rats have been proved capable of carrying and transmitting several
important zoonoses, among them potentially fatal diseases like the Leptospira-caused Weil’s
disease. As the urbanization process proceeds worldwide, the territorial conflicts between rats
and humans in the cities intensify resulting in humans and rats crossing paths more than before.
This elevated risk for human-rat contact and subsequent disease transmission in urban areas
requires ongoing studies on rat-borne zoonoses and their transmission routes, disease
surveillance and effective, coordinated pest control: important public health work for a
peaceful and safe coexistence between humans and rats in urban areas now and in the future.

crop failures had forced impoverished
peasants to abandon their farms and move
into the overcrowded cities, and humans
and animals were brought very close to
each other as humans filled the streets with
garbage, waste and dead livestock on which
the rats could dine (Eastman, 2009). Black
rats lived in close proximity to humans in
the medieval period, on ships and in
buildings. The black rat’s social and agile
behavior made it well adapted for life on the
ships, making it a perfect vector for
seaborne transmission of Y. pestis from one
continent to another and subsequent spread
throughout crowded urban centers
(Eastman, 2009).

History
The infamous status of wild rats today, as
animals associated with filth, poverty and
harmful diseases, might be due to the wellknown example of how black rats (Rattus
rattus) had an important role as primary
reservoirs in the spread of bubonic plague
(Yersinia pestis) in Europe in the medieval
period. Yersinia pestis infects fleas, most
commonly the rat flea Xenopsylla cheopis
(Eastman, 2009) as the fleas bite and ingest
blood from an infected animal. The Y. pestis
bacteria then multiply and cause blocking in
the digestive tract of the flea, starving the
flea so that it will more aggressively try to
feed until it starves to death – infecting
more animals in the process.

Identification of the important roles of rats
and rat fleas in the spread of bubonic plague
lead to a new era in understanding of the
epidemiological impact of rats in the

The bubonic plague arrived to Europe in a
time where the plague could easily spread:
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transmission of disease agents, and ratborne diseases became a public health issue
throughout the world (Kosoy, 2015). Since
then, more human diseases have been found
to be associated with rats and it is now
commonly known that the presence of rats
and their role as carriers and transmitters of
infectious agents in human environment is
an issue of public health.

City pest control coordinator regarding
urban rats have increased by 30% since
2015 (DN 2016 1), and pest control
company Anticimex reports that the calls
regarding rat problems to their offices in
Malmö area have increased steadily during
the past years (DN 2016 2). There may be
several different reasons for these increases
in rat problem reports: and not all may be
due to an actual increase in numbers of
urban rats in the city areas. In an interview
in Dagens nyheter, Stockholm City pest
control coordinator Tommy Tuvunger
mentions also differences in human lifestyle
in the cities as a possible background to the
increase in reports: “before, nightlife in the
cities was not at all what it is today – now
there are people in the streets all 24 hours a
day, every day of the year” meaning the
nocturnal lifestyle of rats in the city streets
may have happened unseen by citizens
before, when there was less nightlife in the
cities (DN 2016 1). In the same interview,
Tommy also mentions that citizens today
have less tolerance for rats than before, and
that news on findings of rats in the cities
spread faster than before due to the use of
social media. But at the same time, rats are
associated with and depending on human
population density, sanitation, and hygiene.
As the numbers of humans in the cities grow
due to urbanization, the amount of refuse
produced by humans increases too, and the
numbers of rats proliferate (Parsons, 2016).
As more properties in the cities are being
renovated and inhabited by humans, urban
rats have fewer places to be - and end up as
unwanted inhabitants in buildings where
humans live. The change in urban human
lifestyle towards more habit of eating
outside and resulting in more food refuse
and garbage left on the ground, is also
beneficial for the urban rat populations.

Urban wild rats today
In addition to black rats, Norway rats or
brown rats (Rattus norvegicus) are also
widespread in cities throughout the world,
and have lived close to us for many
hundreds of years (Himsworth, 2014). It is
not yet known exactly when Norwegian rats
became commensal with humans, but it is
clear that they have spread and established
their presence following the routes of
human migration and that they are now
almost always present where humans reside
(Kosoy, 2015).
Norwegian rats are able to perform a jump
of 1 meter and climb wherever they can get
a foothold. They reach sexual maturity at
the age of two months, and a female
Norwegian rat can give birth to 6-10 young
up to 6 times per year. They can live off
food of both animal and vegetable origin,
and occasionally also act as predators
(Miljöförvaltningen, 2016).
These
characteristics, together with their nocturnal
lifestyle and ability to squeeze through
holes as small as 20 millimeter in diameter,
make them very well adapted for, and
successful in, urban living.
Several major Swedish newspapers
reported on a rat invasion in larger Swedish
cities during summer and autumn of 2016.
The number of citizen reports to Stockholm
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Health in large areas of Europe” (Goeijenbier,
2015). But although SEOV has been found in
both rats and humans in European cities,
human disease occurs primarily in Asia
(Himsworth, 2013).

Rat-associated zoonoses
Norway rats (Rattus norvegicus) and black rats
(Rattus rattus) are among the most ubiquitous
urban wildlife species and can act as sources of
several pathogens with serious impact on
human morbidity and mortality (Himsworth,
2014). The group of zoonotic pathogens
associated with Norway rats and black rats in
city centers contain both disease agents that
the rats carry asymptomatically, and disease
agents that cause disease also in the rat host.
Some of these disease agents are transmitted
directly from infected rat to human, for
instance via infected rat saliva or urine, and
some of these disease agents are transmitted
indirectly, for instance via flea vectors that feed
on the blood of infected rats. There are viruses,
bacteria and also parasites that can be
zoonotically transmitted via rats to humans. An
example of a viral rat-borne zoonosis is Seoul
Hantavirus (SEOV) (Himsworth, 2013).
Hantaviruses
are
negative-stranded,
enveloped
RNAviruses.
SEOV
causes
hemorrhagic fever and renal syndrome (HFRS)
in humans, characterized by a classical triad of
fever, acute kidney injury and hemorrhage,
while the virus causes no associated disease in
its rat host (Himsworth, 2013). SEOV is
transmitted from rat to human on inhalation of
aerosolized urine, saliva or feces from the
infected rat, and transmitted between rats the
same way (Goeijenbier, 2015). SEOV causes a
more severe form of HFRS compared to other
circulating Hantaviruses, Norway rat is its main
reservoir and as Goeijenbier et al write in their
article “Seoul hantavirus in brown rats in the
Netherlands: implications for physicians” from
2015: ”the discovery of SEOV circulation in the
Netherlands follows recent findings of SEOV
infections in both rodents and humans in
England, Wales, France, Belgium and Sweden,
indicating the emerging character of SEOV and
a high importance of this Hantavirus for Public

Norway rats and black rats are the main
reservoir for the parasitic nematode
Angiostrongylus cantonensis, also called
the zoonotic rat lungworm. The rats become
infected when feeding on infected snails
and slugs that act as intermediate hosts for
the parasite. This rat-borne disease agent,
unlike the Seoul Hantavirus, actually causes
disease in its rat host: the lungworm can
cause pulmonic lesions, consisting of
pulmonary thrombosis, hypertrophy of
pulmonary arteries and granulomatous
pneumonia in infected rats (Chikweto,
2009). Humans are infected by the worm in
the same indirect manner as the rate are, by
consumption of the parasite’s mollusk
intermediate host (Himsworth, 2013).
Human
disease
symptoms
from
Angiostrongylus cantonensis infection
contain febrile illness, eosinophilic
meningitis and ocular
angiostrongyliasis (Himsworth, 2013). This
rat-borne parasite is primarily found in
Southeast Asia, South Pacific, Australia,
and the Caribbean; and is only occasionally
found elsewhere (Himsworth, 2013).
There are several bacterial zoonoses that
can be carried and directly or indirectly
transmitted to humans by Norway rats and
black rats: the already mentioned infamous
Yersinia pestis, for instance. Yersina pestis
is a gram-negative bacillus, and the
etiological agent of plague. Norway rats and
black rats are the most common source of Y.
pestis in cities, and the zoonosis is spread
between rats and from rats to humans via
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fleas. When an infected flea then bites a
human, Y. pestis spread to
nearby lymph nodes and replicate, causing
the lymphnodes to swell and create the
characteristic bubo (Himsworth, 2013).
This bacterium causes disease also in its rat
host: a septicemia that often is fatal. Since
Yersina pestis therefor is lethal for the rats
themselves, studies suggest that there is a
need for another host, consisting of more
resistant rodent species, for Y. pestis to be
maintained in nature (Himsworth, 2013).
The significant foci of local plague
outbreaks today are located in Africa,
Southeast Asia, and South America
(Himsworth 2013).

Bartonella spp contains different bacteria
species adapted for different mammalian
hosts, of which Norway and black rats can
be infected by several species (Himsworth,
2013).
Leptospira interrogans, a spirochete
bacterium, is the etiological agent of
leptospirosis
(Folkhälsomyndigheten,
2013) and can be carried and transmitted to
humans by rats. L. interrogans infection is
asymptomatic in the rat, and the bacteria is
shed and transmitted via rat urine
(Himsworth, 2013). L. interrogans can
either penetrate human skin via small
wounds or blisters on contact with urine
from infected rats, or via mucus
membranes; for instance the eyes
(Folkhälsomyndigheten, 2013). Humans
can also contract the bacterium in a more
indirect way; by contact with water that has
been contaminated with urine from infected
rats. The severeness of the infection in
humans varies; from asymptomatic
infection to life-threatening conditions. One
of the most serious conditions caused by
Leptospira interrogans in humans is Weil’s
disease, characterized by jaundice, renal
failure and pulmonary hemorrhage
(Himsworth, 2013), but the most common
symptoms of infection are febrile illness
and influenza-like symptoms. Weil’s
disease has a mortality of 5-10% of cases
(Folkhälsomyndigheten,
2013).
Leptospirosis has been a notifiable disease
in Sweden since 2004 (Strand, 2015), and
also findings of leptospirosis in animals are
notifiable
in
Sweden
(Folkhälsomyndigheten 2013). In 2015,
Strand et al published an article called
“Highly Pathogenic Leptospira Found in
Urban Brown Rat (Rattus norvegicus) in the
Largest Cities of Sweden” in which they
found that 13.3% of the rats investigated in

Streptobacillus moniliformis is part of the
rat bacterial normal flora, and can be
transmitted to humans directly via bites
from infected rats and is hence called the rat
bite fever (Himsworth 2013). It is
transmitted via the close contact route
between rats. S. moniliformis causes no
disease in the rats, but human symptoms of
rat bite fever include febrile illness, rash,
polyarthritis, pharyngitis, and - if infection
is left untreated - also sepsis (Himsworth,
2013).
Rickettsia typhi and Bartonella spp are both
rat-borne bacteria that cause no symptoms
in their rat host, but cause febrile illness in
humans (Himsworth, 2013). Both zoonotic
organisms are found worldwide in both
Norway rats and black rats, and are
transmitted between rats and from rat to
human via fleas that have ingested blood
from infected animals. R. typhi is the
etiological agent of murine typhus in
humans: a disease characterized by fever,
headache, lethargy, myalgia, arthralgia,
nausea, vomiting, and a characteristic
typhus skin rash (Himsworth, 2013).
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their study were seropositive for the highly
pathogenic Leptospira interrogans serovar
Icterohaemorrhagiae (Strand, 2015). All
rats in their study were Norway rats
sampled from ongoing pest control
programs in Stockholm, Göteborg and
Malmö, and either trapped by baited traps
or found dead from rodenticides. Blood
samples were retrieved from the body
cavity of selected rats, and the blood
samples were analyzed using a microscopic
agglutination test (MAT) with the ability of
detecting five different zoonotic Leptospira
serovars. These five serovars were selected
based on their previously known abilities to
infect wild rodents or domestic animals in
Sweden and Denmark. Results of the
analysis revealed that nearly 17% of
analyzed rats were seropositive for
Leptospira in the selected MAT panel, and
13.3% of analyzed rats were positive for the
Icterohaemorrhagiae serovar. These rats
were trapped inside of people’s homes or
from downtown shopping districts which,
according to the article authors, indicates a
significant risk for close contacts with
humans. In order to investigate further the
distribution and prevalence of Leptospira in
detail, the authors plan to collect more rats
from other Swedish towns, according to
their article. Strand et al mention in their
article also that studies investigating the
human occupational risk groups have also
been initiated.

rats in order to detect what fecal pathogens
urban rats carry. Himsworth et al sampled
rats from traps in inner-city Vancouver, and
the carcasses of the selected rats had the
colon removed. Bacterial analysis was
performed on the colons of 633 out of 724
trapped rats by culturing of colon content on
different agar plates. Antimicrobial
susceptibility testing was performed on
Escherichia coli and Salmonella spp.
isolates found. Rats that were positive for E.
coli by culture also underwent PCR-based
screening for Shiga-toxin production
factors. Of the 633 urban rats tested, 593
(93.7%) were Norway rats and 40 (6.3%)
were black rats. Himsworth et al detected
Escherichia coli in 397 of 633 (62.7%)
urban rats: forty-one (6.4%) were carrying
E. coli resistant to >1 antimicrobial and 17
(4.3%) were carrying multidrug-resistant E.
coli (i.e., resistant to >3 antimicrobial
classes). STEC serotypes were isolated
from 10 (2.4%) rats and Salmonella spp.
were isolated from three of 633 (0.5%) rats.
The origin of resistant and virulent strains
of E. coli in rats has not been definitively
determined, but Himsworth et al conclude
in their article that they find it likely that
urban rats become colonized with strains of
E. coli present in the urban environment;
that the E. Coli present in the urban rats
reflects the E. Coli present in the human
sewage the rats live close to. Himsworth et
al also claim in their article that unlike
previous studies on rat-associated zoonoses,
that have been more focused on pathogens
for which rats are the natural reservoir (e.g.,
Leptospira interrogans, Rickettsia typhi,
Seoul hantavirus, etc.), their study suggests
that rats might also act as a sponge, soaking
up microbes present in their environment.
Some other unexpected colon content
bacteria findings in rats analyzed in this
study - like MRSA and Clostridium difficile

In
the
article
“Prevalence
and
characteristics of Escherichia coli and
Salmonella spp in the feces of wild urban
Norway and black rats (Rattus norvegicus
and Rattus rattus) from an inner-city
neighborhood of Vancouver, Canada”
from 2015, Himsworth et al studied colon
content from urban black rats and Norway
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- were likely acquired from humans, and
support this theory, according to Himsworth
et al.

for the city authorities. To know and control
the rat-borne diseases, we need to know the
rats: the ecology of urban black and Norway
rats in the cities needs to be well studied in
order to make correct estimations of the rat
lifestyles and populations, and coordinate
effective pest control programs based on
these estimations. Michael H Parsons et al
write in their article “A Detailed Protocol to
Enable
safe-Handling,
Preemptive
Detection, and systematic surveillance of
rat-Vectored Pathogens in the Urban
Environment” from 2016: “Rat research is
becoming more important for increasingly
urbanized, and thus vulnerable, human
populations. However, new methods are
required to overcome the physical and
social barriers that impede progress”
(Parsons, 2016). Physical barriers include
for instance the hidden, nocturnal, often
underground lifestyle of urban rats, and
social barriers include the possible stigma
of reporting rat infestations: since reporting
may lead to heavy fines, damaged
reputations or closing of a commercial
business, people who own buildings or
businesses may be less likely to report,
which may lead to an underestimation of the
rat problems in a city, for instance.
Himsworth et al end their article “The
Characteristics of Wild Rat (Rattus spp.)
Populations
from
an
Inner-City
Neighborhood with a Focus on Factors
Critical to the Understanding of RatAssociated Zoonoses” by suggesting that
cities around the world should invest in
surveillance and research that aims to
understand and monitor local rat
populations now and into the future
(Himsworth, 2014). Rat-borne zoonoses
have been a serious public health issue in
history, and is still in some cities of the
world. It will be an important challenge for
public health authorities and other decision-

Himsworth et al also found in their study
that black rats were less likely to carry E.
coli than were Norway rats, and their theory
is that this reflects their different lifestyles:
ground-dwelling Norway rats are likely
more exposed to fecal matter than black
rats. Based on these findings, Himsworth et
al conclude that it is very important to
understand the routes by which these
environmentally acquired pathogens enter
and circulate among rat populations, for
instance how E. Coli is transmitted between
rats. If rats are capable of spreading
resistant or virulent strains of E. coli
through direct or indirect contact with rat
feces including fecal contamination of food,
their role as potential sources of these
pathogens might be more important than
what has previously been known
(Himsworth, 2014).

Avoding rat-borne zoonoses in urban
areas the future
Seventy-five percent of the world’s human
population is expected to live in urban
settings by 2050 (Parsons, 2016), meaning
the territorial conflicts between rats and
humans in the cities will intensify, man and
beast will live closer to each other and the
risk for transmission of potentially fatal ratborne zoonoses might increase. To battle
this, the role of rats in maintaining and
propagating viral, bacterial or parasitical
pathogens that present a risk to human
health in the cities needs to be studied
further. Pest control that is efficient in
keeping the rat population at safe and
controlled levels, and yet is harmless to
other city inhabitants, will be a challenge
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makers to reduce the risk of these diseases
in the future, and secure a safe coexistence
between all urban inhabitants.
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Current Research on Emerging Diseases in Bangladesh
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Emerging and re-emerging infectious diseases are a serious, global matter that knows no
boundaries and threatens all countries. The fast evolution of microorganisms thwarts longlasting solutions to keep pathogens at bay, but research today is sharper than ever before; all
around the world inventive solutions regarding prevention, diagnostics and therapy are found
and shared. Here we delve into the situation in Bangladesh regarding emerging infectious
diseases and the fight against the pathogens.

pathogens, effective prevention
of
diarrhoea has proved challenging in
developing countries, the development of
effective strategies for the clinical
management of disease are important
focuses of research. (1, 3).

Introduction
Medical research is in a constant arms race
with infectious disease. As new vaccines
and treatments are developed for important
disease agents, new or previously less
important ones rise up to take their place.
For example, as the vaccine for the common
pneumonia causing bacteria S. pneumoniae
is becoming more widely available, we see
more and more pneumonia cases caused by
Respiratory
syncytial
virus,
Metapneumovirus and Adenovirus. (1)

Two successful strategies that have been
developed are the use of zinc supplements,
and oral rehydration solution (ORS). The
use of zinc is based on work on animal
models; it was discovered that zincdeficient animals developed a more severe
disease, and that the use of zinc
supplements made them recover faster. Zinc
deficiencies are common among the poorer
people of developing countries, who
consume a diet largely based on grains,
cereals and vegetables, but deficient in
animal
products.
In
zinc-deficient
populations, zinc supplements can reduce
the severity of diarrhoeal disease, as well as
help prevent further infections. (1, 2)

In developing countries like Bangladesh,
respiratory and diarrhoeal infections remain
big killers, especially in children. New
strategies for prevention and treatment are
urgently needed, but there are many
challenges. The pathogens causing disease
are widespread and can often be found even
in healthy individuals, as is the case with the
most common causes of diarrhoea;
Rotavirus,
Campylobacter,
Cryptosporidium and Enteropathogenic E.
coli. (1,2)

The introduction of oral rehydration fluids
is an effective and cheap way to treat the
dangerous dehydration in diarrhoeal
patients. ORS consists of water with some
sugar and salt, and it has saved the lives of

Current Strategies
For reasons such as poor hygiene, dense
population and the large number of
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many patients by replacing the fluids they
are losing during the disease course. (1,4)

diseases are most common. This, along with
the complexity of a high-tech device, limits
new complex technology to larger cities and
hospitals. However, simple solutions can
have huge impact as well. (6)

A new approach that is currently of interest
in research is looking for ways to improve
the efficiency of ORS by adding a substance
that could reverse the disease, rather than
just alleviate the symptoms. Several such
substances, so-called anti-secretory agents,
have shown promising results in animals,
but when tried in humans have not worked
equally well. Another approach to try to
improve ORS is finding new and innovative
ways to deliver and stimulate the
absorption. (1)

Environmental
(EED)

Enteric

In developing countries, severe pneumonia
is a high cause of mortality, especially in
children younger than 5 years old with risk
factors such as low oxygenation and
collapsing airways. To relieve children with
respiratory failure of hypoxaemia and ease
the workload of breathing the bubble
continuous positive airway pressure has
been successfully used. This non-invasive
ventilation strategy provides blended and
humidified oxygen by connecting the
patient to a breathing circuit, short nasal
prongs, which is submerged in water at the
distal end. This generates a positive-endexpiratory pressure in the airways of the
child. The pressure is determined by the
depth the expiratory tube is immersed, as
the distance is equivalent to the pressure
generated in the upper airways. Therefore,
as the gas flows through the circuit it will
“bubble” out in the water container,
preventing build-up of excess pressure. This
method is basically as easy to apply as
standard oxygen flow therapy and is
achieved with low-cost materials. (6,7)

Dysfunction

EED is a chronic condition primarily seen
in developing countries, the importance of
which has only recently been discovered. It
is a new focus of research, and seems to be
a cause behind stunted growth in children,
and the vaccine failure, especially of oral
vaccines, more often seen in stunted
individuals. EED is characterised by what is
sometimes called a “leaky gut”. It is thought
to have many contributing causes, but one
of the main ones seems to be the frequent
contact with pathogens and toxic chemicals,
caused by living in an environment with
low standards of hygiene. (1, 5)

Another newly introduced application is the
GeneXpert, a nucleic acid amplification
test. With over 9 million incident cases and
1 million deaths every year worldwide,
tuberculosis remains a major public health
problem. Multiple drug resistance makes
matters worse, but using the GeneXpert
assay the presence of mycobacterium
tuberculosis (MTBC) DNA and its
susceptibility to rifampicin can be detected
in a single reaction. The assay is based on
real-time PCR and targets the rpoB gene
region. Mixing the sample with a

This leads to a chronic state of irritation in
the bowels, with less absorption, and
leaking as a result. Currently the research is
aiming at developing a diagnostic method,
as the methods currently available are
unreliable and hard to formalise. (1)

Recent Methodological Advances
With research today going on high speed,
inventive solutions to medical problems are
found faster than ever. However, cost is
always an issue, and unfortunately more so
in those countries where severe infectious
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bactericidal buffer, which reduces the
viability of MTBC, is the only manual step
and this makes this assay simple to perform
and appropriate for use near patients in
settings without proper biocontainment
facilities. (8)

time to react to it. If this is the root cause
hampering oral vaccines, this could be
prevented by good sanitation, highlighting
the importance of public programs to
increase awareness and governmental aids
such as provision of chlorine treated water.
(11-13)

Vaccine Development
Several vaccines of importance, such as
those against tuberculosis and Shigella, are
still under development, but there are new
vaccines that have been put to the test, one
of them being the rotavirus vaccine. (9-11)

Conclusion
Infectious diseases will always be a
recurring problem due to new emerging
organisms and old re-emerging diseases but
also because of the worldwide antibiotic
resistance which has left us without any
antimicrobials in reserve. Research on
examining the pathogens as well as how to
counter these diseases with preventive aids,
diagnostic tools and direct treatment has to
be prioritised, and it is also just as important
to educate the public on matters such as
sanitation, nutrition and drug use. With
worldwide, collective efforts this can be
achieved; with a never-ending curiosity and
determination the global health will
improve.

Rotarix is made of a live attenuated
rotavirus strain, delivered orally to small
children. The vaccine is approved by the
FDA and is currently on efficacy trials in
several developing countries to see their
effect in “real-life” settings. So far however,
the vaccine has had very limited effect
compared to studies in developed countries.
A theory is that, as with the cholera vaccines
Dukoral and Shanchol, oral vaccines in
general have limited effect in developing
countries due to the normal flora of the
population. Microorganisms associated
with poor sanitation cause constant
inflammation in the gut, and it is believed
that this inflammation keeps the vaccine
from being in the gut long enough and
therefore the immune system do not have
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Comparing HIV infection, prevention and treatment in
Sweden and Bangladesh
Anton de Jong, Anghella Lambruschini, Jennifer Petersson & Hassina Hashi

The human immunodeficiency virus (HIV) is a problem around the world. According to the
world health organization (WHO) there are approximately 36.7 million people infected with
this virus, however not every country presents the same scenario of HIV prevalence [1]. There
are many factors that play a significant role when it comes to infection and spreading of the
disease. Economy, culture, population and education are just a few examples of these factors.
Two countries that are very different are Bangladesh with a population of around 160 million
people in an area of 148,460 km2 and Sweden with a population of 9.5 million people in
450,295km2. [2] In this article Sweden and Bangladesh are compared with a special focus on
the risk groups and prevention programs, meanwhile discussing areas in need of improvement
of both surveillance and tracking of the infection among others.

despite the country having low prevalence
compared to its neighbors. The population
groups considered most at risk are males having
sex with males (MSM), male sex workers
(MSW) and a part of the transgender population
referred to as ‘hijra’. They are officially
recognized as a third gender since 2013 and live
in communities led by a guru, a so called guruchela relationship (where guru is the teacher and
chela the disciple). They earn their income
through dancing at markets and poverty is
widespread within the community. Due to this
factor they are often forced to sell sex and this
combined with comparably low level of literacy
and higher education, make them a vulnerable
risk group. [3]

Risk groups and social stigma
As would be imagined, the population groups
being most at risk of contracting HIV are similar
for both countries, given that the route of
transmission and risk behavior remains the
same. There are however demographic
discrepancies and it is important to note that the
term ‘risk group’ in the context of this article
refers primarily to parts of the population
targeted by HIV-preventative measures and not
necessarily a division based on de facto
epidemiological statistics. In Bangladesh, due
to a myriad of circumstances such as social
stigma surrounding the topic, a national healthdata infrastructure in its infancy and the
overwhelming size of the population (of which
a large part lives in rural areas), it is very
difficult to estimate the HIV prevalence
accurately. With that in mind, it should be said
that the country has had a highly pro-active and
rational prevention strategy based on the
resources available, with national prevention
efforts initiated four years before the first
confirmed case. [3]

LGBT rights in Bangladesh are more or less
non-existent and section 377 of the national
penal code states that “intercourse against the
order of nature” should be punished with either
life imprisonment or sentenced to up to ten
years. [4] Social ostracism and discrimination
are often accompanied by violence and it makes
it difficult to reach out to this part of the
population with disease preventative efforts.
Likewise, people belonging to these

Due to low condom usage and lack of public
knowledge, Bangladesh is viewed as a highly
vulnerable country to a potential HIV epidemic,
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communities are less likely to seek out
healthcare services. [3]

encouraged and appreciated that HIV infected
people are aware of their status, so that the risk
of the transmission is reduced. There is a
requirement of repeated HIV testing every six
months for all injection drug users (IDUs), who
are active in the needle-syringe programmes.

In Sweden, homosexual men are also
considered a risk group but more than half of
new cases has been transmitted through
heterosexual intercourse abroad, often in
Southeast Asia or Africa. Additionally, parts of
the population originating from high risk
countries are considered a prominent risk group.
Among IDU’s the prevalence is low and stable.

The Swedish health system offers all pregnant
women HIV screening to prevent transmission
of HIV from the mother to her child. All HIV
positive individuals are provided with
Antiretroviral Therapy (ART), with all the cost
is covered by the Swedish national health
insurance scheme. Moreover, there are strictly
anti-discrimination laws in Sweden that work
against discrimination of people based on their
sex, ethnicity, religion, disability, age and
sexual orientation. All cases of discrimination
connected to HIV will be reported to the
Equality Ombudsman. [8] In 2015, Sweden was
the first country to achieve the 90-90-90 target
established by UNAIDS/WHO, which aims to a
treatment target to help end the AIDS
epidemics. [9]

[5]

Statistics
Sweden
In 1983 HIV became a communicable disease
in Sweden, and since then a total of around
12,000 cases have been reported to the Swedish
public health agency. Currently there are a little
more than 7,000 people with a diagnosed HIV
infection within the Swedish population, giving
a national prevalence of 0.07%. In most of the
cases the infection has occurred abroad, only
15-25% of the reported cases during the last five
years have been domestically acquired. In 2015
the most common source of infection abroad
was through heterosexual contact, whereas the
majority of the domestic infections were due to
heterosexual or MSM contact. [6]

HIV prevention in Bangladesh

The overall HIV prevalence in Bangladesh is
less than 0.1%, but a seroprevalence study in
2011 showed a risk group prevalence (MSM,
sex workers and hijra) of 0.7%. In 2015 the total
number of registered cases was 3,674, but since
HIV is not a communicable disease in
Bangladesh the actual number is estimated to be
much higher, likely around 9,500. [7]

Bangladesh has maintained a low HIV
prevalence due to the establishment of the
HIV/AIDS Prevention Project (HAPP) during
2004-2007 and the HIV/AIDS Targeted
Interventions (HATI) project during 20082009. Furthermore, 146 drop-in centers (DICs)
in 44 districts of Bangladesh are actively
working with HIV prevention, providing many
services such as peer- and health education,
counselling, medical treatment for STIs and
referral services. The purpose of this project is
to increase condom use among HIV infected
people and minimize the needle and syringe
share among drug users. [10]

HIV prevention in Sweden

Conclusion

Bangladesh

The prevention of HIV infection in Sweden is
based on identifying HIV positive patients
through mass HIV testing and counselling
without any charge. HIV infection is a
notifiable disease in Sweden, which means that
all newly diagnosed HIV cases are reported to
the Public Health Agency. It has been highly

Bangladesh and Sweden are countries that are
very different, everything from their culture,
economy to the density of their population.
However when it comes to the prevalence of
HIV, they are not far from each other. Sweden
with a prevalence of 0.07% and Bangladesh
with a prevalence of less than 0.1%. This is a

49

clear example of research that has been put into
action in a very effective way.

should be taken into consideration when it
comes to the surveillance of HIV transmission
[11]
. Finally when comparing both countries we
see that Bangladesh is in need of a proper
tracking system, which could help decrease
their HIV prevalence. Working towards a HIVfree generation is a very important mission that
every country has.

They started identifying the risk groups very
early and implemented treatment programs to
prevent further spread of the disease.
Unfortunately, in Bangladesh there are factors
such as religion and society that bring up some
difficulties in the already existing programs.
Bangladesh and India are neighbouring
countries, which is a very important fact that
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War and infectious diseases
Hannan Mohammed

we look at the Napoleonic wars, eight times
more people in the British army died from
disease than from battle wounds and in the
American civil war, two thirds of the
estimated 660 000 deaths of soldiers were
caused by pneumonia, typhoid, dysentery,
and malaria [2]. Among the civilians,
conflict and wars promotes displacement of
large
populations
into
temporary
settlements known as refugee camps. These
camps that are generally intended for
immediate, short term assistance have
become permanent settlements for the
majority of the world's refugees and
therefore requires long-term assistance [3].
Because of overcrowded shelters, serious
food scarcity, poor sanitary conditions and
poor nutritional status, many of these camps
are turning into breeding grounds for a
range of life-threatening infectious
diseases. These conditions increase the risk
of proliferation of microbes. Fleeing
refugees seeking asylum and security are
often more vulnerable to infections because
of long-term stress due to the conflicts, high
levels of malnutrition and low vaccine
coverage. Also in the context of conflictaffected countries, there is constant threat of
new disease emergence or reemergence of
old or rare diseases. Good example of this is
Tajikistan, a country where malaria had
been virtually eliminated in the early 1960s.
In 1992-1993, a civil strife in the country
led to a massive population displacement
and poor living standards. As a
consequence of the civil war, more than
100,000 people fled to Afghanistan to seek
asylum and security. Once the conflict
ended in 1994, malaria was reintroduced
into the country by returning people. As a
consequence of this, an outbreak occurred

Syrian refugees at Lebanese border town of
Arsal, in eastern Bekaa Valley. Source:
http://www.bbc.co.uk/news/world-middleeast-27496889
Throughout history, infectious diseases
have always been the true beneficiaries of
war and conflicts because it provides the
ideal conditions for microorganism to
rapidly spread and affect the vulnerable
population. Modern warfare and conflicts
are characterized by acts of terrorism,
guerrilla tactics and aerial bombardment
with no distinction between combatant and
noncombatant. Because of the changed
nature of warfare, public health
communities’ response to the consequences
of war and conflict has become increasingly
important. With persistent war and conflicts
in the Middle East region, Afghanistan,
Sub-Saharan Africa and Southeast Asia, it
is important that the global health
community promotes and provides credible
information on the expected and actual
health consequences of conflict and opens
public debate about the causes of war and
conflicts. Other important roles the health
community has is preventing and treating
injury and diseases, monitor impact and the
conduct of war within the legal framework
set out by the Geneva Conventions and
other instruments of international law [1]. If
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which
reintroduced
Plasmodium
Falciparum in Tajikistan for first time in 35
years [4]. Important risk factors enhancing
the emergence and transmission of
infectious microbes in conflict-affected
countries are mainly collapse of healthcare
systems and disruption of disease control
mechanisms. Inadequate surveillance and
mass
population
displacements
of
vulnerable refugees in sub-standard
conditions also enhances transmission of
infectious diseases [5]. With the collapse
and destruction of health care system
infrastructure, familiar infections rapidly
re-establish mainly due to lack of
prevention and control programs such as
vector control or vaccinations campaigns.
The reason for this is simply because access
of populations to initiate vaccination
campaigns are interrupted for months to
years and this becomes problematic because
it leads to reduced vaccine coverage among
the populations. Reduced vaccine coverage
is an important factor in reemergence of
vaccine-preventable infectious diseases
such poliomyelitis, caused by poliovirus
and measles among children in the ongoing
crisis in Syria. Because of interruption of
routine immunization programs combined
with forced migration of civilians, there was
a resurgence of yellow fever in Africa.
Resurgence of yellow fever began with the
1990 epidemic in Cameroon, and then
spread into conflict-affected West Africa.
This ended with multiple outbreaks of
yellow fever in 6 of 10 countries in Africa
that have been affected by conflict; Angola
(1988), Liberia (1995, 1996, 1997, 2000,
2001, and 2004), Sierra Leone (2003), Côte
d’Ivoire (2000 and 2001), Guinea (2001
and 2005), and Sudan (2003 and 2005)
[4]. These two programs, prevention and
control are key pillars of public health

Aleppo’s destruction seen from above.
Source: http://www.bbc.com/news/worldmiddle-east-35921164
action and are essential to reduce the
suffering of vulnerable populations affected
by war and they mainly exist to control and
prevent infectious diseases responsible for
high mortality. Furthermore, there is an
increased fear of rapid dissemination of
drug resistant pathogens on the grounds that
resistance may develop more rapidly in
conflict zones due to improper diagnoses or
inappropriate drug regimens and use of
outdated drugs [4, 6]. Another problem is
that conflicts and poverty interferes with
patient compliance which in turn promotes
the emergence of antibiotic resistance
during short-term therapy of acute
infections and long-term therapy of chronic
infections, such as tuberculosis [6]. Other
reasons for poor treatment compliance are
also because of purchase of insufficient
quantities of drugs, interruption of
treatment because of sudden displacement
or irregular access to healthcare facilities [4,
6]. We discuss the epidemics of infectious
diseases such as cutaneous leishmaniasis,
poliomyelitis and measles in Syria’s
ongoing five-year civil war to understand
the impact of war on the transmission of
infectious diseases in a public health
emergency of global concern [7]. To
52

somehow control the global threat of
infectious diseases, there needs to be an end
to civil war and broken health infrastructure
has to be rebuilt again. The ongoing civil
war in Syria has led to displacement of 6,6
million Syrians causing the largest human
displacement in decades [8]. The civil war
has introduced epidemics of vaccinepreventable infectious diseases such as
measles and poliomyelitis among the
suffering populations in Syria and refugee
camps in neighboring countries. This in turn
has led to a health crisis of global concern.

preventable infectious diseases such as
measles and poliomyelitis [7, 9]. To
understand the great impact of the war on

A makeshift hospital in an area of the
city Douma, near Damascus, Syria.
Source:
http://www.nytimes.com/2016/02/23/wo
rld/middleeast/un-finds-deliberatedestruction-of-hospitals-insyria.html?_r=0

Vaccine-preventable diseases
For the first time since 1999, the Syrian
Arab Republic reported an outbreak of polio
virus among Syrian children. The rise of
vaccine-preventable infectious diseases in
the war-torn Syria is mainly due to the
destruction of health care infrastructure that
has hindered childhood immunization
programs in many areas, leaving millions of
Syrian
citizens
and
refugees
in
neighbouring countries vulnerable to these
diseases. Before the conflict erupted, the
health care system in the country was run by
the government and provided primary care
services to the population.

the immunization programs, the countries
vaccination dropped from 91% in 2010 to as
low as 5% in some regions by 2013.
Furthermore, 50% of the 1,8 million Syrian
children born since the conflict are
unvaccinated
because
of
hindered
immunization programs [7]. Two important
vaccine-preventable infectious diseases that
will be covered here in the context of the
Syrian conflict are measles and
poliomyelitis caused by poliovirus.

Because of this, there was an improved
capacity of the health care system and
improved national health indicators such as
falling infant mortality and an increased
immunization rate among Syrian children
[9]. All of this changed after the civil war
broke out. The complete destruction of the
health care infrastructure in the country
through the loss of health facilities lead to
shortage in health care personnel and
medicines and a lack of secure routes and
transportation. These conditions left
millions of citizens vulnerable to vaccine-

POLIO
Poliovirus is a human enterovirus of high
infectivity whose main route of infection is
via the human gastrointestinal tract. The
virus is usually spread from person to
person and is characterized by symptoms
such as fever, fatigue, headache, vomiting,
and stiffness in the neck and limb pain.
Mainly children under the age of five are
affected by the virus and these children are
particularly susceptible to poliomyelitis
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which causes irreversible paralysis [10]. At
present, polio has been largely eradicated in
developed countries but remains endemic in
three countries- Afghanistan, Nigeria and
Pakistan. The major barrier to eradication in
these countries is access, meaning that
health workers have been prevented from
reaching high risk populations because of
security fears. Another important barrier is
erroneous suspicions among the civilians
about the vaccine campaigns have led to
high rates of vaccine refusal [11]. The first
indication that polio was reintroduced into
Syria was when health observers diagnosed
several children with acute flaccid
paralysis, the main symptom of polio. By
October 2013, the first polio cases in 14

virus in the country [12]. The outbreak was
confirmed to be caused by wild poliovirus
type 1 strain originating from Pakistan,
which demonstrates strongly that the
persistence of poliovirus in countries such
as Pakistan, Afghanistan and Nigeria have a
global impact and threaten eradication
efforts in other parts of the world [11]. Until
this virus is completely eradicated, polio
virus will remain a threat to children who
are unimmunized no matter where they live.
With the crisis in Syria worsening each year
and the various public health crises because
of the breakdown of hygiene and absence of
childhood immunization efforts in many
areas, polio's return in the country was not a
total shock. The big concern was how to
quickly eradicate and control the highly
contagious virus amid the chaos of war. In
response to this outbreak, WHO, UNICEF,
UNHCR and partners embarked on the
biggest immunization campaign in the
region's history that led to the vaccination
of over 2,7 million Syrian children under
the age of 5 years and 23 million in
neighbouring
countries.
Important
advantage of polio vaccine is that it's
administered orally and easy to transport.
Despite this, the success of this
immunization campaign is under a constant
threat due to the influx of new refugees that
may have migrated from besieged locations
that remain out of reach to immunization
programs and lack precise monitoring and
surveillance mechanisms [8]. To prevent
spread to neighbouring countries and a
potential global epidemic, polio in Syria has
been declared a public health crisis that
requires international attention and efforts.

An activist health worker administers a polio
vaccination to a child in Aleppo on May 4. Source:
https://www.washingtonpost.com/world/middle_east/
polio-vaccine-effort-in-syria-reaches-14millionchildren-as-volunteers-braveviolence/2014/06/22/fc783ec6-f00f-11e3-914c1fbd0614e2d4_story.html
years were confirmed by WHO in the
eastern province of Deir al-Zour and in
Syria's largest city Aleppo. According to
WHO spokesman Oliver Rosenbauer, most
victims were under two years old and were
thought to have never been vaccinated
against polio. New cases of polio were also
confirmed in rural areas of Damascus
indicating widespread circulation of the

MEASLES
Another vaccine-preventable infectious
disease important in the context of Syria’s
civil-war related collapse of the health care
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system is measles caused by a virus in the
paramyxovirus family. This virus which
infects the mucous membranes is normally
transmitted through direct contact or
through the air by coughing and sneezing
[13]. Symptoms such as high fever, a runny
nose, bloodshot eyes and tiny white spots on
the inside of the mouth appear 10-12 days
after infection. Severe complications of the
infection are seen more in poorly nourished
children, especially those with weakened
immune system or with insufficient vitamin
A levels. Severe complications include
blindness, encephalitis, severe diarrhoea
and severe respiratory infections such as
pneumonia [14]. To reduce complications
and death caused by measles, key public
health strategies are routine vaccination for
children combined with mass immunization
campaigns in low income countries. Mass
immunization campaigns in different parts
of the world against measles has led to a
significant reduction in global measles by
75% - from 544,000 deaths in 2000 to
146,000 in 2013 [13, 14]. By the end of
2020 under the Global Vaccine Action Plan,
WHO aims to eliminate measles in five
regions in Syria, Interrupted childhood
immunizations programs, breakdown of
regular health services, overcrowding,
unsanitary makeshift living conditions has
made the transmissibility of the infection
efficient among Syria's young and
malnourished children. Major risk groups of
measles are young children, unvaccinated
pregnant women and any non-immune
person. Measles outbreaks is still common
in many developing countries with weak
health infrastructure and its known to be
deadly particularly in regions experiencing
or recovering from a natural disaster or
conflict [13]. In 2013, the international
medical humanitarian organization known
as Médecins Sans Frontières/Doctors

Without Borders (MSF) reported measles
epidemic that swept through northern Syria
where at least 7,000 cases were confirmed.
MSF teams managed to initiate a
vaccination campaign against the infectious
disease and while they succeeded in
vaccinating more than 15,000 children in
the city of Aleppo, the humanitarian crisis
in northern Syria and the widespread
violence and fear has made the completion
of measles vaccination campaign difficult
[15]. The big issue with vaccination
campaigns against measles is that the
vaccine must be preserved in a cold chain
and is administered by injection, compared
to polio vaccine which is relatively easy to
transport and is administered orally [7].
This restricts access to entire districts with
vulnerable populations and threatens the
lives of aid workers involved in the
immunizations programs. With the ongoing
civil war and the continued destruction of
health facilities, funds from different
organizations around the world have so far
helped emergency vaccination programs.

Fighting leishmaniasis amid the chaos
of Syrian conflict
Leishmaniasis is a parasitic disease that is
caused by the obligate intracellular
parasites of Leishmanial species and is
classified as a neglected tropical disease
[16]. The disease is distributed worldwide
but is a major public health concern in the
eastern Mediterranean region and is
particularly endemic in Iraq and Syria [17].
Until 1960, the disease in Syria commonly
known as ‘Aleppo evil’ was mainly
restricted and endemic in two areas Aleppo and Damascus with more than
12,000 new cases each year [17, 18]. There
are three main forms of leishmaniasis;
Visceral leishmaniasis, the most fatal form
of the disease and is characterized by
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affecting internal organs including the bone
marrow, liver and spleen. The second form
is mucous cutaneous leishmaniasis which is
responsible for partial or total destruction of
mucous membranes of the mouth, throat
and nose and almost 90% of cases occur in
Bolivia, Brazil and Peru. Third form of the
disease is cutaneous leishmaniasis which is
characterized
by
skin
lesions

and decreased quality of life. All three
forms of leishmaniasis are transmitted to
humans by the bite of infected female
sandflies. Main risk factors for cutaneous
leishmaniasis are malnutrition, weak
immune system, poor housing, population
displacement and the disease affects some
of the poorest people on earth. There is no
vaccine available for leishmania but the
disease is treatable and key strategies for
prevention include early diagnosis of the
disease and effective case management,
efficient vector control and effective
disease surveillance [19]. As Syria's civil
war continues with the devastated health
care system and refugee crisis, new
outbreaks have been reported from different
areas with number of leishmaniasis cases
doubling from 23,000 before the start of the
civil war in 2011 to 41,000 in 2013 [18].
The disease is mainly prevalent in refugee
camps both inside Syria and in
neighbouring countries hosting refugees.
The reason for this is because the main risk
factors for cutaneous leishmaniasis are all
met in these refugee camps with makeshift
houses of rubble and tents plagued with
inadequate sanitation and waste disposal.
The conditions in the refugee camps which
are ideal for vectors of the parasite enable
leishmaniasis to flourish and transform the
infectious disease into a regional threat.
Leishmaniasis is only spread by sandflies
which are found throughout the tropics and
subtropics and the disease mainly manifest
itself in immunosuppressed individuals [16,
17]. The spread of the disease in areas that
are
non-endemic
for
cutaneous
leishmaniasis might be attributed to
combination of abundance and the ecologic
disruption of the sand fly, the massive
displacements of civilians and deficient
medical facilities and in the area. Because
of this, there is an increased fear and

Syrian child from a Lebanon refugee camp,
presenting multiple lesions from cutaneous
leishmaniasis. Source:
https://www.researchgate.net/figure/2682340
09_fig1_Figure-1-Syrian-child-from-aLebanon-refugee-camp-presenting-multiplelesions-from
mainly on exposed parts of the body leaving
life-long scars and serious disability.
Cutaneous leishmaniasis is the most
common form of leishmaniasis where 95%
of cases occur in the Americas, the Middle
East and North Africa region and central
Asia. Cutaneous leishmaniasis is the form
that is most prevalent and endemic in
Northern Syria and is mainly caused by the
species L. tropica [18, 19]. Although this
form of the disease is not generally fatal, the
disfiguring scars can result in psychological
consequences such as anxiety, depression
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concern that the vector may find new
favourable habitats in non-endemic places
particularly in neighbouring countries such
as Lebanon, Jordan and Turkey. This may
result in the parasite forming new circles of
disease propagation [16, 20].

preventable diseases such as measles, polio
and cutaneous leishmaniasis. For example,
the reported measles epidemics in Syria has
also been observed in refugees in Jordan
with 24 cases reported in 2012, while over
200 cases were reported in 2013. In
Lebanon, there was an increase of reported
measles cases where 9 reported cases of the
disease in 2012 increased to 1,760 cases in
2013. The Lebanese Ministry of Public
Health responded to this potential regional
threat by launching a national immunization
campaign in April 2014 where 4.200
Lebanese
nationals
volunteered
in
administering vaccines for not only
measles, but also for polio and rubella [7].
In Jordan, there was zero reported cases of
measles for three years before the Syrian
conflict and the country was planning to
officially declare that it was measles-free
but that changed when measles was
reported among displaced Syrians in Jordan
[21]. Jordan stopped polio transmission
more than 20 years ago and to maintain that
status, the Jordanian Ministry of Health
with the support of WHO embarked on a
series of vaccinations campaigns targeting
children under 5 years of age living in highrisk areas of Jordan and in the refugee
camps [10]. With the rising cases of
cutaneous leishmaniasis in Syria, the
conflict has spread this epidemic into
neighbouring
countries.
Although
leishmaniasis is endemic in Lebanon with
sporadic cases reported mainly in the
Northern district, during 2004-2008
Lebanon reported zero cases
of
leishmaniasis compared with 22.882
reported cases in Syria during the same
period [17]. In September 2012, Lebanon
witnessed a cutaneous leishmaniasis
outbreak among Syrian refugees in residing
in the northeastern region bordering with
Syria. In November the same year,

Impact of the Syrian conflict on the
Neighbouring countries
With no near end in sight for the Syrian
crisis and the massive influx of refugees
seeking asylum in neighbouring countries,
there is a huge concern of spread of
communicable diseases such as hepatitis,
tuberculosis,
measles,
polio
and
leishmaniasis to new groups of people in
neighbouring countries. The Syrian warassociated outbreaks of infectious diseases
have resulted in major challenges for the
health care systems in neighbouring
countries, overwhelming the health care
facilities mainly in Jordan, Lebanon and
Turkey. According to the United Nations
High Commissioner for Refugees, more
than 4.2 million Syrians have fled their
homes to seek safety in these countries
where they end up in temporary refugee
camps that are predisposed to increased risk
of infectious diseases. Factors such as
malnutrition among the vulnerable
refugees, poor housing where people live in
crowded and unsanitary conditions and
absence of clean water all contribute
increased risk of outbreaks [7]. As for
Lebanon, over a million of Syrian refugees
reside among the local populations in over
540 sites while in Jordan 20% of refugees
reside in the Al-Zaatari camp and the
remaining 80% live in urban areas in the
North of Jordan. This massive influx of
refugees at a rapid rate into the
neighbouring regions has significantly
overburdened local healthcare systems and
resulted in reemergence of vaccine-
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researchers conducted a study approved by
the institutional review board of the
American University of Beirut where they
began documenting the outbreaks during
trips to the Bekaa valley refugee camps
located on the north eastern border with
Syria (Baalbek, Zahle, and Ersaal).
Published Data on 1.275 patients from 213
displaced Syrian families in Lebanon
showed that 77% of the patients manifested
the disease after being in the country for
more than eight weeks. Since the incubation
period for the disease is approximately eight
weeks, this data suggests the high
possibility that the sand fly vector might
have been transported to rural areas such as
the Bekaa valley in Lebanon with the rapid
influx of refugees [7, 17]. Also in Turkey,
non-endemic parasite strains of L. major
and L. donovani were introduced by the
incoming refugees with several hundreds of
cutaneous leishmaniasis cases reported in
refugee settlements in Nizip in Southern
Turkey [20]. Studies have demonstrated
that the prevalence of cutaneous
leishmaniasis consistently coincides with
the presence of refugee camps in the
neighbouring countries [17, 20]. The
increased reported cases of cutaneous
leishmaniasis associated with the Syrian
conflict has raised concerns that the sand fly
vector may find a permanent habitat into
local areas that are ill-equipped to manage
the disease because of minimal health care
assets [20]. The fear of spread of infectious
diseases outside the Syrian refugee
communities has driven the governmental
departments in the neighbouring countries
to initiate campaigns to contain spread of
infectious diseases. Important measures
taken by the governmental departments
includes providing free treatment and
diagnosis for emerging cases, monitoring
disease activity, promoting excessive

surveillance measures to ensure disease
detection and spraying of pesticides to kill
the sand fly vector [21]. The massive influx
of refugees and spillover of communicable
disease into countries bordering Syria
serves as a reminder that while political
borders of a conflict are defined and
contained, the negative health care
consequences
are
uncontained
by
geopolitical borders.

Improving detection and control of
infectious diseases in conflict zones
Three critical elements outlined by Centers
for Disease Control and Prevention (CDC)
for prevention of infectious diseases are
strong public health fundamentals,
including infectious disease surveillance,
laboratory detection and epidemiologic
investigation; high-impact interventions;
and sound health policies [22]. Thus
detection and control of infectious diseases,
both emerging and reemerging primarily
requires functional healthcare facilities with
intact surveillance system. Important
priorities for international agencies
responsible for emergency health services
are establishment of good case management
and effective preventive and reliable
diagnostic methods. Conflict zones are
often characterized by poor infection
control practises in healthcare facilities and
weak surveillance systems which results in
delayed detection and reporting of
epidemics. The sad circumstances of the
Syrian conflict have resulted in significant
healthcare problems and specifically
infectious diseases among Syrian citizens
and refugees in neighbouring countries.
There is also a major risk of international
spread of infectious diseases from conflict
zones through displacements of refugees,
movement of relief workers and animals.
For effective surveillance system and

58

epidemic preparedness in conflict zones, it's
absolutely essential that the governmental
departments closely collaborates with
NGOs, international organizations and
relevant health authorities for a more
effective detection, containment and control
of infectious diseases. There is an urgent
need of public health strategies to improve
and enhance early detection and disease
preparedness
to
ensure
effective
implementation of infectious disease
interventions. This can be achieved via
availability of internationally accepted
tools, standards and guidelines that are
adapted to war affected zones. The
implementation of different intervention
methods can be further supported by
specific training of both local and
international health planners and health
facility staff [4]. Support and training of the
local health staff must also be an integral
part of the prevention and control program
because they are the first responders to
emergency crisis and they are the ones

involved in the surveillance on the ground.
To reduce transmission and amplification of
diseases, good hygiene must be encouraged
and promoted by ensuring a sustained
supply of disinfectants, soaps sterilizing
materials so that shortages do not occur and
force breaches in infection control. In
Lebanon, the governmental departments
promoted excessive surveillance measures
to ensure disease detection and adequate
treatments of all emerging cases. The
measures promoted involved training of
physicians and health care workers as well
as educating the Lebanese public and Syrian
refugees about the disease symptoms of
leishmaniasis and how to seek medical
advice and treatment. These measures may
explain the decrease in disease occurrence
since December 2013 despite the rate of
refugee movements into the country
remaining the same [16].
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The hidden hunger – Vitamin A deficiency
Merlin Rensing

The hidden hunger
Malnutrition is still one of the biggest problems in the world affecting close to 13% of the whole
population of planet earth, 793 million in 2015. All of these living in the developing world,
making it a disease of the poor and with that often a neglected one.

Malnutrition is defined as a dietary
disease where nutrients such as proteins,
carbohydrates, minerals and vitamins are
not provided in a healthy amount. In
these cases it can be overnutrition as well
as undernourishment. The first case is
mostly effecting the first world and can be
associated with obesity, diabetes and
cardiovascular
diseases.
In
the
developing world it is quite the difference
and much harder to asset to. Undernutrition
can
develop
on
very
different timescales. Not enough access to
food and raw calories can show eff
ects very quickly, letting the people in
suffering starve. Another problem on
a much slower timescale is malnutrition
associated with essential minerals and / or
vitamins. The effects of undernourishment
in
these
cases
can
show after weeks, months in some cases
after years. It is not only the problem of
the adults or children, but for the unborn
as well, to this problem we will address
later on in this article. There are many wel
l know examples of
malnutrition even affecting the western
world. For instance the crisis in Ireland,
also called the “great famine” of 1845 to
1852 is well known for its horror
and impact
on the
population

of Ireland.
In
these years due to malnutrition Ireland's
population fell by 20%. Cause for t
his
dramatic event was a pathogen affecting
the locally grown potato species, pota
to
blight,
which not only caused a loss in
farming in Ireland but in the whole of
Europe. Unfortunately the Irish people, or
almost
25% where solely reliant on the
potato as a main dish leaving them without
any harvest, options and only with
starvation. Another well known case of
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malnutrition is the sailors disease called
Scurvy. This disease is caused by a
deficiency
of
vitamin c and will
cause weakness and poor wound healing
which results in death after infection or
bleeding. Its is well know as a disease of
the early travelers of the seas such
as
Vasco da Gama and Magellan and t
he Crusaders
of
the
13th
century.
Between
1500 and 1800 almost two million sailors
perished due to vitamin c malnutrition.
Not enough knowledge about a proper and
healthy diet on long journeys was the
main cause of scurvy. On months end the
only food was preserved hard bread and
with rum preserved water making the
uptake of vitamin c even harder for the
body. Still a big problem in the de
veloping
world vitamin c deficiency is a dise
ase which we need to address to in definite.
When we talk about a hidden hunger it
comes alongside with neglected diseases.
And one of the most prevalent forms of
malnutrition which is neglected and goes
unnoticed in the western world is vitamin
A deficiency (VAD). This form of
undernourishment is rarely seen in the
developed world. Vitamin A deficiency
affects yearly 250.000 up to 500.000. This
huge discrepancy shows the lack of
surveillance and knowledge about this
disease in the developing world.

To understand a disease one needs firstly
establish a knowledge about all its
compounds and factors which contribute
to the development, symptoms and
outcome of it. For vitamin A it is importan
t to know how
it effects the human body in is presents as
well as its absence. The first question to
ask would be where does the human body
get vitamin A from and what is its
nature? Vitamin A can be found a wide
variety of food sources. Mostly it is
produced in plants and vegetables such as
carrots, broccoli, pumpkins or spinach.
Vitamin A rich sources from animal
products include most livers from
domestic animals. This is an important
factor to take in consideration solely
because it makes us question, why there
is still such a thing as malnutrition
of
vitamin A. Why is there so much absence
of this essential vitamin for so many
people in the world, when it can be found
in so many products that are possible to
grow fairly easy? These questions we will
address in a moment.
Why is vitamin A so important for t
he
human diet? We all know the saying, that
carrots are
good for your eyesight. And that is quite
true when we look at it from a scientific
standpoint. Upon digestion vitamin A
undergoes processing and transformation
towards a form called retinol in the body,
helping to form a protein called
rhodopsin, which is a light sensitive
receptor in the eye, without we would be
unable to see. Blindness is a common
symptom of vitamin A deficiency
especially of newborn children. Here
comes another crucial function of this
essential vitamin into role. Vitamin A

The face of vitamin A and VAD
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acts as a mediator of gene transcription,
the “reading” of our genes in a proper way
is ensured by a vast variety of factors,
which the human body can not always
produce on its own. Vitamin A is such one
and therefore it plays a major role in the
development of the embryo for a healthy
child. Still important in the adult stage of
our life's it moderates an adequate
immune function of our body against
invading pathogens and inflammation as
well as helping to keep the skin and cells
healthy.

the mother and therefore the development
of her child before birth. In adulthood the
usual case and sign that a vitamin A
deficiency is occurring is a disease called
night blindness. This disease hinders the
eye from adjusting in the dark and can
only poorly see during the night or in dim
areas, which in the developing world can
be a factor for the loss of work. Making
the problem of malnutrition even worse.

As we can see now, vitamin A plays a
major role in a correct function and
towards a healthy live and we can start so
see why it is mostly a problem of
the
developing countries since a diet without
any of the mentioned vegetables is
not
typical in the western society. So w
hat
happens when we lack vitamin A and who
is affected when we look closer?

If night blindness is not treated a VAD
can cause permanently blindness, since
more and more debris of dead epithelial
cells of the retina accumulate. These dead
cells show not only that the
loss of sight is at risk, but it is a strong
warning signal that the immune system
of the person suffering has an impaired
function. Normally specialized cells would
digest dead cells helping the body for a
natural recovery. This impairment is not
only partly responsible for the blindness
but it makes infections much more likely.
There are specialized immune cells called
Tcells, a form of white blood cells, which
need vitamin A for growth and
differentiation. If these crucial cells can
not develop normally the immune systems
looses one of its key players for the
defense against invading pathogens. This a
gain will of course affect people in
developing countries even more, than

Signs and Symptoms
The most common symptom of a vitamin
A deficiency is as mentioned above
blindness and secondary infection through
a weakened immune system. The World
Health
Organization
(WHO)
estimates that around 13.8 million
children are affected by some form a
visual impairment caused and related to a
undernourishment of vitamin A. Total
blindness can be a result of a deficiency of
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patients in the western world. If you
suffer from vitamin A deficiency and your
immune system is not working you are
more than likely in a position, where the
access to a healthy diet medication, clean
water or proper sanitation is not given.
This circumstance of course only worsen
the effects of the weakened person and
can generate great suffering and death. M
aking the problem of healthy diet, living
conditions and help even more difficult, a
vitamin A deficiency can be induced
by
not only the direct lack of vitamin A, but
as well as a iron deficiency. In sev
ere
cases low levels of iron in the blood can
hinder the uptake of vitamin A strongly
inducing VAD not directly but indirectly.
In adults another problem is the
consumption of large amounts of alcohol
resulting in a depletion of vitamin A in
the liver. In many desperate situations
humans tend to flee from their trou
ble
with different drugs including alcohol,
worsening the effects.
What is done to prevent a direct vitamin
A deficiency caused by malnutrition and
the low access to a healthy diet? And what
is done to the indirect induced deficiency
through drugs and alcohol? There are pr
ograms
and
initiatives
to
help people in need to prevent or medicate
the disease, and of course to rise
awareness for the living conditions
causing problems of starvation and
infection around the developing world. W
hat are they? And how are they received
in, not only the developing countries, but
in the western world as well?

programs that are concerned about
undernourishment and as we all know
there are countless options in the western
world to address obesity. These range
from official governmental approved
programs to commercial, and very often
dubious options. These are another
problem, where the root lies in a different
area. In these cases, such as nonofficial
dieting programs or superstition when it
comes to certain products, the problem is
not the lack of money or food, but
the
financial value people are willing to invest
in such things. This superstition is a
problem that is as complicated to solve as
the problem of undernourishment but it
requires a different set of tools and
mindset to address to.
Undernourishment,
malnutrition
and
deficiencies could be solved in general by
two different ways, which themselves can
be subcategorized into more fields and
contexts. The first way to solve
malnutrition in low income countries,
would be the direct way, meaning
spending and donating money, ether
to the local government or through a third
party. This leaves the problem open that
it might happen, that the people in need
would not receive the help directly, at all
or in the right manner. Something like
that is widely done over the world in lots
of humanitarian projects such as doctors
without boarders as a direct form of help.
The local government as a quick and
relatively cheap way to help people often
carries out programs that deliver
medicaments
such
as
nutrition
supplements in the case of micro
deficiency, as vitamin A deficiency. The
problem here is, that the help ends
as soon as the chain of supply ends and the

Initiatives, Solutions and Problems
What is done about malnutrition as a
worldwide problem? There are several
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people in need are again left alone with
the problem and making the problem
again a neglected one. Still in times
of crisis we need these options to help our
fellow people for a quick relive in a
pressing time.

The other two reasons, the economy and
the local government are heavily
connected and not changed quickly. In the
developing world a strong workforces
a
laboring people is needed to not only
provide food to the country but as well
export products for the first world
countries. In this sense the problem sits
on both ends. The need for food, in the
case of the producing country for the
reason of nourishment and money and in
the case of the western world for luxury
products as well as a cheap source of food.
The only way to change this feedback
loop, would be to establish a fair and well
regulated world wide excepted econo
my without exploitation. If this is possible
remains questionable but it should be
highly prioritized from everybody. A mu
ch more realistic way of helping
people to help themselves is through
humanitarian
projects,
where
the
mentioned feedback loop is still intact and
malnourished people can get access to
micronutrients in a reliable and cheap
way.
One of these projects, which holds a very
promising agenda is the so called Golden
Rice. This projected founded in 1982 by
the Rockefeller Foundation, and approved
for human consumption by now could help
humans worldwide to help fight vitamin A
deficiency. It was in 2015 a winner of a

Another option would be to help or
moderate in a way that permanent
change could be achieved by helping the
people in need to help themselves. This
second option is obviously the better
of
the two but also much harder to achieve.
Why is that exactly? Permanent change
is
strongly
coupled
with a great shift in the mind, the
economy and the local governmental
structure of the country where people are
affected by undernourishment. Ether of
these points is not easy to change in a
way that a sustainable source of food and
nutrients is provided. Undernourished
people of course will happily change
themselves to a way, where food is
provided. The only exception here would
be if the source of malnutrition is for
religious reasons. This limitation is still
widely happening in the world. The
culture in general plays a huge role in
this problematic. For instance the
monoculture of rice fields in China is a
rich tradition, which has been around
since thousands of years and will in a way
never be changed. A reason for that
is that these fields still nourish the world
with the most common source of food.
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Patent for Humanity and is in this year
still in development, mostly due to huge
protests, almost all of them carried out by
the western world and organizations
against GMOs (genetically modified
organisms) such as Greenpeace.

Which naturally produces
betacarotene.
Bioengineering
provides
safe
and
efficient ways of implementing this gene
into the rice without altering the rest of
the genome. It has been shown, that the co
nsumption
of only 150g of golden rice would
counteract the risk of developing vitamin
A deficiency effectively. So why is the
re
so
much
resistance
against this product, which could improve
the life of millions of people, prevent
death and blindness of adults and
children living in rural areas? The main re
ason can be found still in the
mindset and the concern against GMOs,
that it is an unnatural and dangerous
way of altering traditional strains of food.
This argument has to be addressed very
carefully since it is two sided. Yes there is
a risk from the viewpoint of the economy,
that GMOs can be produced in such a way
that farmers would need to buy seeds
every year again and again since there is
a possibility of engineering the plant in
such a way that it can not reproduce
anymore. This technique although is
banned in most countries since it would
exploit the backbone and the most
affected people on the planet, the farming
population. In the case of golden rice, this
technique is not used and a strict policy is
used to ensure, that farmers would not
fall into dependency to the manufacturer.
The way this works is that a limit
of
money earned by the selling of golden rice
has been set to 10.000 US dollar per year,
which a typical farmer in the developing
world might not even produce during his
lifetime. Another way to ensure that the
farmer can act on his own account can be
found in the nature of rice itself, since the
product is the seed as well and can be

How does the golden rice work? It is a
simple concept, where a natural strain of
rice is taken and modified in a way to
produce betacarotene, which itself is a
precursor of vitamin A. Betacarotene in
this rice has been shown to have the same
Bioavailability as other sources in
vegetables and thus could be a effective
source for vitamin A in humans. One of
the
biggest
concerns
at
the
moment is the way golden rice is produced
and grown. It is by definition a genetically
modified organism, since to get rice
to produce betacarotene a gene needs to be
added to the natural strain of rice. This
gene comes from another type of plant the
Narcissus pseudonarcissus
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used again and again without the need to
buy more seeds. And of course the gen for
vitamin A production will be passed on to
the next plant by basic inheritance. The
other part of the problem in the
controversy of golden rice is that to nonsci
entist bioengineering is not well
understood since the sources of education
is often limited to selfeducation and often
polarized through the media. The thought
that a plant comes from the lab to fields
and ultimately onto the plate of the
consumer is still very much frightening to
most people in the western world. Looking
closely at the history of breeding of plants
and animals carried out by humans shows
on the other hand, that the traditional
methods of interbreeding for instance to
get bigger potatoes, more types of cowl,
fatter cows or dogs with shorter noses is
much more uncertain in the sense of
genetic stability that it is if the
modification to the genome is done in the
lab. Simply said in traditional breeding
relays on chance till one gets a product,
which we are satisfied with. What else is
change in that process we cannot
determine. The way genetic modification
or breeding
is done in the lab is that a specific gene,
such as the one for betacarotene, is taken
and implemented into the genome of the
plant (or animal) in a very precise and
controlled way without changing the rest
of the genome in a unforeseen way which
happens in traditional breeding.

A different point of concern is that with
the establishment of a GMO the
traditional strains of food would be
pushed out of existence through ether
high demand or so called horizontal gene
transfer
between
closely
related
organisms. Crossbreeding could be a
something that could be seen as a
problem, since in some forms it is possible
through a mediator such as some
bacteria. It is for plants a highly unlikely
event but still possible. The fear of this
would be that we get a monoculture
of
some species in our food production such
as rice. On the other hand if we look at
our history, this is what humans have
been doing since the beginning of ti
me
and should be open for discussion.
There has been field trails in countries
such as Bangladesh to test the efficiency
of the golden rice. In this country t
he
daily calorie intake consists to up to 70%
upon rice, hence malnutrition is a major
problem in Bangladesh. In numbers,
23,7% of pregnant women suffer from
deficiency and alone in Bangladesh
around 350000 people go blind for
the
lone reason of vitamin A deficiency.
66

Globally 6,7 million children die for the
reason of this malnutrition, where the
black numbers can usually not be
determined since healthcare is rare in
Bangladesh. The local government hopes
that the implementation of the golden rice
strain will be a great opportunity to help
fight vitamin A deficiency and its
associated deaths and suffering. It is
backed up from 107 Nobel laureates
(urging organizations such as Greenpeace
to abandon campaigns against GMOs)
and in 2011 it received a grant of
10
million US dollars from the Bill and
Melinda Gates Foundation. Lastly this
humanitarian project ensured that the
price for the seeds is the same as
the
traditional strains of rice and it has been
seen to it that the farmers can do with the
seeds as they wish to ensure cheap
replanting.

suffers greatly under several pressure
points, which we have seen earlier. It is of
vital importance that we address these
problems together as we have seen in so
many different areas and turn our eyes
not only to the own plate but the one of
others as well and make a neglected
disease a seen one.

Conclusion
So what can we say about the prevalence
of malnutrition, undernourishment as
well as vitamin A deficiency in our time
and the future? A lot has been done
in
the
battle
of
malnutrition and a lot of people are well
off when it comes to the open and healthy
access to food. At least in the developed
countries that is. We got over hunger
crisis in Europe and the Americans which
great efficiency and in a relative qu
ick
way. It was so effective that we are facing
in this part of the world even a problem
with obesity due to the unlimited amount
of every kind of food. This fact underlines
the statement that malnutrition is still a
neglected disease, since most of humanity
has no open access to a proper diet and
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