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Current challenges in global HIV-1 infection, future perspectives, 

and vaccine research. 
Valeria Aguilar Quiñones, Olivia Alexandra, María Carolina Cáceres and Rafael Marques 

 
Human Immunodeficiency Virus (HIV) is a global health problem since it became 

pandemic in the 1980s and it is still circulating. Although there have been many advances 

regarding treatment and prevention, several challenges remain to be faced. Antiviral 

drug resistance and the lack of effective therapies to cure and clear the infection are some 

of the current challenges. The research on bNAbs opens a new window to alternative 

treatment and prevention strategies.  

HIV-1 biology and distribution 
According to UNAIDS, 33 million 

people have died from Acquired 

Immunodeficiency Syndrome (AIDS)-

related illness globally since the 

beginning of the pandemic until 2019 1. 

Now, it is estimated that there are 38 

million individuals infected in the whole 

world, where 26 millions of these 

infections are distributed in Sub-Saharan 

African 2. AIDS is caused by an HIV 

infection and is the result of gradual 

damage to the immune system of the 

infected individual. During its 

pathogenesis, this virus can effectively 

neutralize both innate and adaptive 

immunity at a cellular level 3. HIV-1 is 

one of the two different types of human 

immunodeficiency viruses from the 

Retroviridae family. It has a relatively 

small genome of 9.75 kb and despite its 

simplicity, the genome encodes 16 

proteins 3. The reverse transcriptase 

(RT), protease, integrase, and envelope 

Figure 1.- Map showing the distribution of the different HIV-1 subtypes. Taken from Tyor et al. (2013). 
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proteins (gp120 and gp41) are the most 

important ones for the viral cycle and 

consequently are the main targets for 

antiretroviral treatment as it has been 

seen in the past decades. Notably, due to 

the lack of proofreading activity of the 

RT, the mutation rate of the genome is 

high and it is responsible for the 

emergence of resistance and new 

recombinant forms in the population 2. 

The severe magnitude and worldwide 

distribution of the HIV-1 pandemic has 

been one of the main concerns in terms 

of global health in the past decades. After 

its independent cross-species 

transmission events at the beginning of 

the 20th century, HIV-1 spread easily in 

West Central Africa with the emergence 

of urban populations and later was then 

distributed to Europe, America and the 

rest of the world 4.  

Nonetheless, HIV-1 is not only 

characterized as one simple virus. Up to 

date, four different groups have been 

identified: M, N, O and P 4. Group M is 

the most prevalent group, and it is the 

one responsible for causing the HIV-1 

pandemic in the world 4. Subsequently, 

group M is subdivided into nine viral 

subtypes and other different recombinant 

forms of the virus 4,5. The distribution of 

the different HIV-1 subtypes and some 

recombinant forms is illustrated in 

Figure 1.  

Even though HIV-1 subtype B is the one 

accountable for most of the practiced 

research, this subtype is only responsible 

for 12% of disease burden in the world, 

and it is allocated in developed countries 
5. Subtypes A and C and the recombinant 

forms CRF01_AE and CRF02_AG are 

then responsible for 77% of disease 

burden, which is found mainly in Sub-

Saharan Africa and Asia 2,5. Therefore, 

the prevalence of these subtypes and 

recombinant forms of HIV-1 in low- and 

middle-income countries needs to be 

tackled. 

HIV Awareness  

We aimed to get an idea of HIV 

knowledge and perspective in 4 different 

countries (Portugal, Spain, Chile, and 

Indonesia) by distributing questionnaires 

for approximately 2 weeks. These 

countries have different cultural 

backgrounds and income categories 

based on World Bank 6 which might 

affect the citizens’ knowledge and 

perceptive about HIV. In total, 489 

people answered the questionnaire with 

the majority from Spain. Majority of the 

respondents were women, and most were 

young adults under 30 years old, apart 

from respondents from Chile.  
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According to UNAIDS, in 2018, more 

than half of all new HIV infections were 

found among key populations which are 

sex workers, people who use drugs, gay 

men and other men who have sex with 

men, transgender people, and prisoners. 

Most respondents have a similar 

perspective regarding these populations 

and aware that HIV is more prevalent in 

homosexuals, sex workers and drug 

users. Besides that, most respondents are 

also aware that HIV treatment is 

available, except for respondents from 

Indonesia where 45% respondents were 

not aware of the availability. 

Interestingly, this result does not 

correlate with the knowledge that 

treatment will prevent HIV-infected 

people from transmitting the virus, apart 

from Portugal (Figure 2). This could 

further be seen by a quite strong 

agreement, approximately 70%, that 

HIV and other sexual transmittable 

agents and diseases have not been 

discussed enough in all these four 

countries. 

We concluded that most respondents are 

aware of HIV/AIDS even though, some 

misconception can still be found 

especially regarding HIV treatment and 

transmission. Furthermore, our 

respondents agreed that HIV and other 

sexually transmittable diseases should be 

more discussed in these four countries. 

The results of our questionnaire cannot 

be generalized for the citizens of these 

four countries; however, it provides 

some insights about HIV awareness in 

different settings. 

  

Figure 2.- HIV Treatment related question. Blue bars indicate the percentage of respondents aware of HIV 
treatment is available. Red bars indicate the percentage of respondents aware that HIV treatment prevent 
transmission (U = U). 



4 
 

Current treatments and 

challenges 
Since the first antiretroviral drug was 

approved by the U.S Food and Drug 

Administration (FDA) in 1987, more 

than 20 different antiviral drugs have 

been approved by the FDA 7. AZT was 

the first antiretroviral drug approved in 

the United States and currently is still in 

use 8. However, the journey of finding 

new treatments and hopefully a cure is 

still ongoing.  

Currently, there is no cure available for 

HIV/AIDS. However, there are several 

treatments available for patients infected 

with the HIV.  The treatment used is 

called antiretroviral therapy or ART 

which is given to all patients diagnosed 

with HIV, regardless of the stage of 

infection. These drugs are classified into 

several different classes, depending on 

the drug’s action 9. Worldwide, 

treatment is a combination of generally 

three HIV drugs, from at least two 

different HIV drug classes 7. The final 

objective of the treatment is to decrease 

the numbers of HIV virions and to avoid 

the infection to neighboring cells.  

Despite the advances made in treatment 

development, there are still several new 

challenges that make treatment less 

effective than expected. One of these 

challenges is antiviral drug resistance, 

presented by patients infected with HIV. 

The main challenge for drug resistance in 

HIV is the appearance of novel drug-

resistance mutations even when new 

drugs have been approved and are being 

used in HIV positive patients. The 

appearance of resistant strains not only 

has repercussions in the infected patient 

in which resistance has developed, but 

there is also a high risk of transmission 

of these mutant strains from person to 

person 10.  

Another challenge that represents a high 

risk of infection is the lack of 

accessibility for treatment. Low-to 

middle-income countries present a big 

burden of people infected with HIV-1 11. 

The World Health Organization (WHO) 

has estimated that from the total of 38 

million people infected, only 25 million 

receive treatment currently, Africa being 

the continent with the highest viral 

burden 12. The scenario is not better 

when considering only the amount of 

children HIV+ who receives treatment. 

Only 53% of 2.8 million children 

infected in Africa receives ART 13,14. 

The accessibility for treatment in low- 

and middle-income countries seems to 

be directly linked to their socioeconomic 

status, as treatment may not be always 

affordable 15. WHO has given guidelines 

since 2013 to lower the price and 
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increase the efficacy of HIV treatment in 

low-and middle-income countries 13. 

Prevention 
Several strategies are available to 

prevent HIV infection such as 

abstinence, limiting the number of sexual 

partners, avoid sharing needles, and 

using condoms every time you have sex 

in the right way 16. Other possible 

options are using pre-exposure 

prophylaxis (PrEP) and post-exposure 

prophylaxis (PEP). PrEP is a medicine to 

prevent HIV infection and transmission 

that works efficiently when it is 

consumed daily to maintain a certain 

level of the drug in the blood.  It is 

recommended for HIV-negative people 

who are at risk of getting HIV from drug 

usage and sex. In contrast with PrEP, 

PEP means taking ART, within 72 hours, 

after potentially being exposed to HIV 

and it is only used in emergency 16. 

Besides PrEP and PEP, a vaccine is 

another possible prevention method. 

However, there are no available HIV 

vaccines that will prevent infection since 

there are several challenges such as the 

rapid mutation of HIV, the virus life 

cycle, and the lack of a neutralizing 

immune response from infected people 
17. 

 

 

Future perspectives for HIV 

treatment – bNAbs 
Current HIV treatment is unfortunately 

not enough to cure patients and clear the 

infection, but it can reduce viraemia to 

prevent viral transmission from one 

person to another. Future research aims 

to find a treatment that does cure patients 

and there are several groups already 

working hard to achieve this goal. The 

main idea is to change from current daily 

regimens to long-acting therapies that 

would be easier for the patients to follow 
18.  The main agents under research are: 

Therapeutic vaccines: these vaccines 

would help the patients’ immune system 

to control the infection in absence of 

antiretroviral therapy 19. Thus, unlike a 

conventional vaccine, this one would be 

administered to HIV-infected 

individuals 18. 

Long-acting (LA) drugs: a different 

range of products in different 

formulations (injections, patches, pills, 

etc.) that would have a long effect and 

therefore only need to be administered 

monthly or a few times per year 20. Two 

examples of these drugs that are 

currently under clinical trials are 

rilpivirine LA and cabotegravir LA 18. 
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bNAbs: these are antibodies with broad 

neutralizing activity against different 

clades of HIV-1 strains 21, which means 

that they prevent the viral particles from 

infecting the cells. 

We will focus now more specifically on 

the potential use of bNAbs for future 

HIV treatment and prevention. They can 

act either by binding to the virions 

triggering opsonization, by binding to 

HIV-infected cells that will attract 

immune system components leading to 

cell killing or by direct binding to viral 

epitopes that prevent viral entry and 

accelerate its elimination 18. 

Despite their great neutralizing activity, 

only a minority of HIV-infected patients 

produce them naturally 22 and 

unfortunately, their production usually 

happens when it is already too late to 

eliminate the infection as the virus has 

already established in the body 23. All of 

the ones that have been identified up to 

date target different epitopes of the viral 

envelope proteins (gp120 and gp41) 

which form a trimer (Figure 3) 24. Some 

of them are already been tested in 

clinical trials (VRC01, 3BNC117, 

PGT121, etc.) 24. 

Passive immunization with bNAbs 

would be another potential therapeutic 

use, but bNAbs could also be used as part 

of vaccines by what is known as vectored 

immunoprophylaxis 23. The idea behind 

this strategy is to have a vaccine 

containing vectors that encode bNAbs’ 

genes (Figure 4) so that when 

administered to individuals, these can 

produce the bNAbs that will confer them 

broad and lasting protection from HIV-1 
25. 

Conclusion 

There are still a lot of open questions 

regarding how these antibodies are 

developed. It is known that the formation 

of bNAbs is a long maturation process 

that can take up to years at which the 

different antibodies undergo several 

Figure 3.- Different epitopes targeted by bNAbs 
(shown in different colours) illustrated on the 
viral envelope protein structure of HIV-1 
particles. Taken from Liu et al. (2020). 

Figure 4.- Scheme of the mechanism behind the idea of developing a vaccine based on vectored 
immunoprophylaxis using bNAbs. Taken from Sanders and Ponzio (2017). 
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affinity rounds and hypermutate 26. 

However, the factors involved in such 

process remain unknown, such as the 

viral load, antigenic determinants, 

antigenic stimulation duration, etc. 27. 

Research on how they are produced is 

needed to fully understand their mode of 

action and it will also contribute to a 

better understanding of our immune 

system. Such knowledge could be 

applied to vaccine design so that a future 

HIV vaccine can trigger the production 

of protective bNAbs when administered.
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                                         MALARIA 
 

Marwa Dolamian, Wadud Sarker & Fares Kayakhi 
 

Introduction 

Malaria is a disease caused by the parasites that are transmitted to people through the 

bites of infected female Anopheles mosquitoes, and it is the third cause of death in the 

world, that killing about 405 000 people in 20181, especially children under five years, 

and that they accounted for 67% (272 000) of all malaria deaths worldwide1.  

Reports of the World Health Organization indicate that malaria distributes in about 92 

countries around the world and concentrates in tropical and semi-tropical areas where 

conditions are appropriate such as humidity, rainfall, and high temperature1,2.  

 

 
Figure 5 This map illustrates the parts of the world where malaria transmission occurs. In many tropical and 
subtropical regions, malaria doesn’t transmit all over the country and the transmission is absent during colder season 
in some parts, desert (except in oases), in mountains at very high altitudes, or in countries with successful malaria 
control programs. In regions close to the equator the transmission is year-round and more intense. In cooler regions, 
the transmission is less intense and occurs more seasonally. In western Europe, the USA, and other moderate countries, 
the existence of  Anopheles mosquitoes which can transmit malaria is considered a constant risk, even though the 
public health measures successfully eliminated malaria transmission 2. 

 
Therefore, fighting malaria is of the utmost importance to researchers, and there are 

always frequent challenges that often appear steadily during the prevention of malaria, 
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especially since malaria spreads mostly in the resource-weak economies countries that 

have an inadequate health care. In addition, malaria causes poor human resources when 

malaria spreads among the labour force that becomes unable to work. Likewise, it 

constitutes an economic burden on health facilities that treat malaria cases. 

Other challenges facing the fight against malaria are climate change that accompanied the 

spread of malaria to previously non-existent3,4, and resistance to antimalarials is steadily 

emerging, new reports that first-line therapy artemisinin resistance is appearing 5.  

 

Signs and symptoms 

The signs and symptoms of malaria parasites infection begin between 8–25 days after the 

infected mosquito bites the human, and can be greatly varied according to the host’s 

immunity, and the treatment. Malaria has three types ranging from severe symptoms or 

mild to absent. 

Plasmodium species esp. P. falciparum can cause severe symptoms in case of 

immunosuppressed patients or when the infection is accompanied with organs failure, 

these symptoms include: 

• Abnormal bleeding due to defect in blood coagulation 

• Severe anemia and hemoglobinuria due to the destruction of the red blood cells. 

• Respiratory distress  

• Metabolic acidosis due to acidity in the blood and other fluids. 

• Low blood pressure  

• Acute kidney injury 

• Pulmonary oedema  

• Jaundice 

• Vomiting2,6 

While the most common symptoms which are non-specific, and can 

include fever, chills, body-aches, sweats, headache, General malaise, cough, vomiting, 

and diarrhea.2,6 

Diagnosis 

Malaria might be diagnosed by clinical symptoms, but this is not enough, and the 

infection might not be able to confirm without the laboratory diagnosis, which includes 

the following methods: 
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• The microscopic examination of the blood smears that are stained with Giemsa 

stain for differentiating between the normal erythrocyte and malaria-infected 

erythrocyte, and by the identification of parasite stages7,8. 

 

• Rapid diagnostic tests (RDTS) that take about 15 minutes to obtain the result by 

using monoclonal antibodies on a test strip to detect the presence of antigens 

derived from malaria parasites in the lysed blood cells.7 

 

• Serology tests that detect the past exposure (not active) infections by detecting 

antibodies against malaria parasites in infected blood9. 

 

• Molecular diagnostic techniques (e.g. PCR) can complement other tests, and they 

are the most useful to determine plasmodium species9. 

 

Prevention  

Insecticide-treated nets( ITNs): 

Insecticide-treated nets are made of polyester, polyethylene, or polypropylene and they 

have various shapes, sizes, color materials, and insecticide treatment status. Only two 

insecticide compounds are used including pyrroles and pyrethroids. These compounds 

have very low side effects in human and animal health10. Bed nets act as a protective 

barrier around the people during sleeping, whereas, insecticide-treated bed nets are more 

protective than untreated bed nets. The insecticides are used for repelling the mosquitoes 

and reducing their number when entering the house10. The WHO recommends that the 

nets are distributed, especially in the most affected population including young children 

and pregnant women11.  

 

 

Indoor residual spray(IRS): 

This method is used for a core vector eradication and control intervention that can easily 

reduce malaria transmission, and it is regular spraying in the internal walls and ceiling of 

the housing structure where mosquitoes may come to contact with insecticides12. 

Pyrethroids are the main insecticide used in this method to eradicate and control malaria 
13. IRS is one of the important strategies of the Global Malaria Eradication campaign 
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which is resulted in the elimination of malaria from many countries and gradually reduces 

the burden of the disease13. 

 

Treatment and vaccination 

Intravenous artesunate is the first-line treatment for severe malaria over the world. All 

adults, and children with severe malaria could take intravenous artesunate for at least 24 

hours9. This therapy has less side effect, and there is no interaction between artesunate 

and other drugs9. Alternative initial therapy is Quinine dihydrochloride intravenous 

infusion 20mg/kg loading dose and maintenance dose is 10mg/kg bodyweight for every 

8 hours9. IV quinine is associated with greater risk of cardio toxic effect, tinnitus, 

reversible haring loss, nausea, vomiting and hypoglycaemia9. 

 

There is no malaria vaccine currently, but efforts are still ongoing in various stages to 

develop a vaccine, Recently, researchers have target three steps to discover a malaria 

vaccine. The first target of malaria vaccine development is the pre-erythrocyte stage.in 

this stage sporozoites enter into the hepatocyte to develop schizont. The main purpose of 

the stage is to inhibit hepatocyte infection, hepatocyte parasite development, and 

limitation of RBC invasion14,15. 

The second target for malaria vaccine design is the red blood cells of the stage of the 

parasites. The vaccine is designed to enhance the immune response that will stop 

merozoite invasion of RBC and stop the replication of merozoites by targeting parasites 

surface protein and reticulocyte homology protein16,17. 

The third target for vaccine candidates is designed is the male and female gametocytes. 

Malaria transmission-blocking vaccine is designed to block parasite transmission 

between humans and mosquito through host immunological response to blood parasite 

targeted protein including pfs45, pfs28, psf230, and pfs2518,19. 

 
Conclusion 
Malaria is considered as a dangerous disease considering the deaths that it causes around 

the world. The measures taken by the World Health Organization have proven effective 

in limiting the spread of malaria in Africa. While the absence of vaccine remains the 

greatest challenge that requires more scientific and financial support to achieve a 

successful vaccine to eradicate malaria. 
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MRSA – Vaccines against a lethal enemy 
Naima Ali, Emelie Alsheim, Martín González Burgos and Julia Zerebinski 

 

Introduction 

The bacteria Staphylococcus 

aureus colonizes the skin and mucous 

membrane in 25% of the healthy human 

population asymptomatically but can also 

cause a wide array of infections ranging 

from minor skin infections to more serious 

infections such as bacteremia and 

endocarditis 1. It is a leading cause 

of valve infections and ventilator-

associated pneumonia and is a dominant 

cause of community-acquired pneumonia 
2. 

Prior to the introduction of penicillin, the 

mortality rate was estimated to be 81% in 

patients with S. aureus bacteremia in the 

early 1940s 3. The emergence of penicillin 

resistance prompted the development of 

methicillin, a semi-synthetic penicillin 

derivative, in 1959. However, methicillin-

resistant S. aureus (MRSA) isolates were 

reported within a year of its introduction, 

the earliest being in 1960 in the United 

Kingdom 4. 

Resistance acquisition has been a huge 

challenge to treatment and control of 

infections, especially in the case of MRSA 
5. Methicillin resistance is primarily 

conferred via the acquisition of a 

staphylococcal cassette chromosomes 

containing the mecA gene 

(SCCmec). The mecA gene encodes a 

modified penicillin-binding protein, 

PBP2a, which has a lower affinity 

for binding penicillin and penicillin-like 

ring structures, rendering the bacteria 

resistant to all β-lactams 6. SCCmec is 

also used in epidemiological typing 

systems as a monitoring tool for MRSA 

change and spread 7. It also encodes 

Plasmin-sensitive protein (Pls), which is a 

surface glycoprotein for MRSA that 

prevents adhesions to human 

immunoglobulin G (IgG) and has been 

shown to be a virulence factor in mouse 

models 8. Pls was also shown to increase 

biofilm formation 9. 

 

Hospital-Acquired and Community-

Acquired MRSA 

MRSA can be categorized into two types: 

Hospital-acquired 

MRSA and community-acquired 

MRSA. The two types of MRSA are 

distinct in their clinical manifestation, 

antibiotic susceptibility, virulence, and 

fitness. 
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In 1960 there was an increase in 

the prevalence of hospital-acquired 

MRSA (HA-MRSA) which now accounts 

for more than 50% of all healthcare-

associated infections in Asia, North 

and South America, and Malta 
10. Whereas HA-MRSA affects patients in 

contact with health care, community-

acquired MRSA (CA-MRSA) occurs in 

young healthy individuals with 90% of the 

infections manifesting as skin and soft 

tissue infection 11. Prior to the emergence 

of CA-MRSA in the 1990s, methicillin 

susceptible strains were the primary 

cause of community associated S. 

aureus infections. 

CA-MRSA comprises more than 20 

different lineages, 5 of which are 

predominant globally. The USA300 

strain, which is prevalent globally 

and epidemic primarily in the US, is 

highly transmissible and the only strain 

that raises concerns of a global epidemic 
12. 

More alarming is the emergence of reports 

of CA-MRSA strain USA300 causing 

hospital associated infections 
13. Predictions from mathematical models 

indicate that CA-MRSA will most 

likely replace HA-MRSA to become the 

dominant strain in healthcare facilities 
14. This will not only increase the number 

of individuals at risk of CA-

MRSA infection but will also subject the 

strains to antibiotic selection pressure, 

thus increasing the emergence of multi-

resistant CA-MRSA strains. While multi-

drug resistance is common to HA-MRSA, 

CA-MRSA strains remain sensitive to 

most antibiotics other than methicillin and 

beta-lactams and have a lower minimum 

inhibitory concentration (MIC) than that 

of HA-MRSA 15. 

CA-MRSA strains such as USA300 are 

highly infectious but the reason for their 

increased virulence in comparison to HA-

MRSA is not well understood. Previously, 

the increased virulence of these strains 

was attributed to presence of Panton-

valentine leukocidin (PVL), a pore 

forming cytotoxin encoded on a mobile 

genetic element (MGE) which is highly 

prevalent in CA-MRSA but relatively 

absent in other MRSA isolates 16. Recent 

studies however indicate that PVL alone 

cannot account for the observed 

heightened virulence 17,18. 

Differential expression of virulence 

determinants has been suggested to 

explain the observed difference in 

virulence between the two types. Min Li 

et al. showed in 2009 that CA-MRSA 

strains with high virulence in murine 

models exhibited increased expression of 

genome encoded toxins such alpha toxins, 
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phenol-soluble modulins (PSMs) as well 

as secreted proteases 19. 

 

Treatment and Vaccine 

Development 

Currently the approved antibiotics for 

treatment of MRSA infections are 

vancomycin, linezolid, sulfamethoxazole-

trimethoprim, daptomycin, quinupristin-

dalfopristin, tigecycline and clindamycin. 

MRSA strains are gradually evolving 

resistance to all of these, and 

alternative therapeutics are limited 20. 

The WHO has labelled MRSA and the 

close Vancomycin-resistant S. 

aureus (VRSA) “high priority” pathogens 
21. MRSA spreads easily from healthcare 

settings to the community and further 

within the communities. Even 

though control programs have been able 

to decrease infections, MRSA remains 

a problem and drug resistance has not yet 

been overcome. Some estimate that 

without significant changes, antibiotic-

resistance will cause almost 10 million 

deaths yearly by 2050 2. Research has 

begun to focus on natural antimicrobial 

compounds and other novel therapies, 

such as antimicrobial peptides, medicinal 

plants, polyphenols, anti-biofilm 

compounds including silver nanoparticles, 

and vaccines 2,20. 

Besides methicillin, several drugs such as 

linezolid, vancomycin, daptomycin, 

and ceftaroline, have been approved and 

used against multi-drug resistant S. 

aureus. However, their clinical use has 

been limited because of reduced 

susceptibility and adverse 

reactions 2,21. Therefore, vaccines are an 

important research topic 22. 

Vaccine development has successfully 

decreased mortality from bacterial 

pathogens,2,23 yet attempts at a human 

vaccine for S. aureus have so far failed 
22,24. Part of the problem is our currently 

incomplete understanding of specific 

immune responses and long-term 

immunity against the bacterium in 

humans. Additionally, animal models and 

especially mouse models, have not been a 

reliable representation of the human 

immune response when it comes to S. 

aureus 23. 

Recently-developed vaccine therapies 

were poorly efficacious when combined 

with antibiotics, caused severe side 

effects, or were unsuccessful at generating 

lasting protection 22. Past efforts have 

concentrated on single antigen vaccines 

and recent ones have focused on multiple-

antigen preparations. Attempts have 

historically shown promise in mice but 

were not successful in clinical trials. One 

reason for this is that S. aureus expresses 
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many virulence factors, so that vaccines 

against only one of them are not effective 

enough. Vaccines using multiple antigens 

such as fibronectin binding protein B 

(FnbB) or capsular polysaccharides, 

among others, are in current clinical trials. 

Attenuated live bacteria have not been 

used in vaccine attempts so far 24. Vaccine 

efficiency may rely on multiple factors 

such as host genetics, immune evasion, 

and differences between strains; A 

successful vaccine would need to trigger a 

robust and durable antibody response in 

addition to cell-mediated immune 

response. Furthermore, the protective 

antibody level and cell response levels 

for S. aureus are currently unknown 25. 

One vaccine candidate is the group of bac-

terial capsular polysaccharides, which 

have been candidates for vaccines 

against the bacterial 

pathogens Streptococcus 

pneumoniae and Neisseria 

meningitidis. Other recent vaccines using 

three- or four-antigen preparations have 

been developed and show better 

immunogenicity than earlier vaccine 

attempts. Another category of vaccine 

candidates is the array of S. 

aureus surface proteins and virulence 

factors. Passive immunization routes, for 

example using anti-alpha-toxin antibodies 

have been claimed to be protective 

against S. aureus including MRSA, and 

antisera from animal models have 

experimentally reduced infection in 

mouse models by stimulating immune 

cell killing, promoting phagocytotic 

killing, and reducing infection 

severity. Active immunization in mice 

using PBP2a has been shown to induce 

specific antibodies, but immune evasion is 

still possible 2. 

 

Discussion and conclusion 

Staphylococcus aureus is a widespread, 

commensal bacteria in humans that can 

also cause invasive and serious 

infections. The emergence of multi-

resistant strains has progressively 

limited the options for treatment and 

prevention. Research into new antibiotics 

and therapeutics make plain the 

continual fight against bacterial resistance 

development. Unfortunately, we are 

running out of options quickly. Many 

attempts have been made towards a 

human MRSA vaccine, but none have 

been successful thus far. 

In 2017 the WHO reported MRSA among 

high-priority multidrug-resistant 

organisms, directing renewed efforts in 

research and development on new 

therapies and prevention. With the 

growing spread of MRSA globally we 
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face a continuous challenge, and every 

effort to develop sustainable methods for 

halting its spread should be taken. There 

are still significant knowledge gaps in 

addition to the challenges of therapeutic 

development: We need 

a better understanding of the human 

immune response to S. aureus infection as 

well as its pathogenesis, in order to 

successfully develop vaccines or other 

new therapies. Since MRSA is an issue in 

both the healthcare sector and community, 

our response should be strongly 

interdisciplinary. 

Development of a vaccine against 

invasive MRSA infection should continue 

to be a priority. Vaccine development 

would significantly decrease the spread of 

infection and help 

towards eradication. While antibiotics are 

still easily accessible in several countries 

globally, antibiotic resistance will 

continue to spread, and new avenues must 

open to combat these issues in a 

controlled manner. Development of 

vaccines and implementation 

of robust vaccine programs can aid us in 

preventing the spread of antimicrobial 

resistance worldwide. 
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Naegleria fowleri, a neglected pathogen 
Nasim Rabe 

 

Introduction 
Naegleria fowleri is a free-living amoeba 

that feeds on bacteria in its natural 

environment. It can be commonly found all 

over the world in warm bodies of freshwater 

such as lakes, rivers and hot springs. It can 

also be found in soil, poorly chlorinated 

swimming pools, water tanks and pipelines 

and subsequently in contaminated tap water 

(1). 

 

The first case of this free-living amoeba 

infection was reported in 1965 in Australia 

by M. Fowler and RF. Carter and was 

named after the Australian pathologist M. 

Fowler (2). 

 

N. fowleri causes a deadly disease when it 

enters the body through the nose by forced 

or splashed water mostly during water 

activities such as swimming, diving or 

ablution for religious purposes. The 

reported cases have mainly been from 

developed countries, especially USA, but 

recently there are also cases reported from 

developing and low-income countries with 

tropical and sub-tropical climate (3, 4) (Fig. 

1). There is even a small amount of reported 

cases that stem from ‘dry infections’, 

through inhalation of contaminated dust (5).

 

 

 

 

 

 

 

 

 

 
Figure 1. Worldwide distribution of reported PAM cases, borrowed from Maciver et al. (5)



 22 

Pathogenicity and fatality rate 
The infection by N. fowleri is called 

naegleriasis and is commonly known as 

primary amoebic meningoencephalitis 

(PAM). After the amoeba enters the nose, it 

migrates to the brain where it feeds on 

erythrocytes, leukocytes as well as brain 

cells and begins to multiply. Therefore, it is 

also known as brain-eating amoeba. PAM is 

a deadly disease with rapid progression but 

still rare, only around 440 cases were 

reported worldwide during the past 50 

years. However, there is a notable increase 

in reported cases in the last two decades. 

The fatality rate is more than 95% and death 

occurs approximately within a week after 

the amoeba reaches the brain (4-6) (Fig. 2). 

 

 

Symptoms 
The symptoms will appear after 

approximately five days since initial 

exposure and begin with fever, headache 

nausea and vomiting and continue in the 

next stage with confusion, stiff neck, 

seizures, hallucinations and coma (7). 

 

Life cycle 
N. fowleri can be found in three different 

forms: cyst form, trophozoite form and 

flagellated form. In unfavorable 

environmental conditions such as low 

temperature, lack of nutrition, etc. the 

amoeba builds a cyst containing a single-

layered wall with a single nucleus. There is 

a pore in the middle of the cyst through 

which the amoeba can leave the cyst after 

improvement of environmental conditions. 

The amoeba multiplies and searchs for 

nutrition only in its trophozoite form. It is in 

this stage that it infects humans and can be 

found in human tissues. In the flagellated 

form the amoeba has two flagella and can 

move rapidly in fluids. Once it has entered 

the nasal cavity it can be transformed into a 

trophozoite form within a few hours. 

However, the bi-flagellated form of the 

amoeba can also exist in cerebrospinal fluid 

(CSF) (8, 9).

 

 

 

 

 
Figure 2. Worldwide reported PAM cases 1961-2018, (Blue: USA cases - Red: cases from rest 

of the world) borrowed from Maciver et al. (5).
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Environmental conditions 

N. fowleri is a thermophilic amoeba and 

in its trophozoite form, it cannot survive 

at low temperatures but in the cyst form it 

can persist for weeks to months at low 

temperatures above freezing, typically 

found in fresh water sediment. Growth is 

enhanced and more rapid at high water 

temperatures up to 46 °C and it can 

survive for a short time at 50-65 °C. 

Climate change with longer and more 

humid summers presents favorable 

conditions for N. fowleri (10). The 

amoeba is sensitive to drying, especially 

in the trophozoite form but even when it 

is in the cyst form it dies within minutes. 

However, it has also been found that cysts 

can survive for years in clay (11). It is also 

sensitive to disinfectants such as chlorine, 

which is commonly used in drinking 

water and swimming pools. Furthermore, 

it cannot survive in sea water and it has 

not been detected in the oceans (12, 13). 

 

 

Diagnosis 
There are different methods for N. fowleri 

detection. First detection method is direct 

visualization of the amoeba in a CSF 

sample. However, it must be kept in mind 

that amoeba in CSF is in its flagellated 

form and therefore can move rapidly. 

Another method for amoeba observation 

is antigen detection by a specific antibody 

in immunohistochemistry or indirect 

immunofluorescence (14, 15). PCR is a 

third method for detection that is more 

rapid and sensitive compared to the other 

methods. However, since the infection is 

rare and there is a lack of awareness it is 

difficult to detect PAM initially and most 

diagnoses are made postmortem. Some 

have even been misdiagnosed as bacterial 

or viral meningitis (16-19).  

 

 

Treatment 
Early treatment is essential. Different 

combination therapies of antimicrobial 

drugs, such as rifampicin and antifungal 

drugs, like amphotericinB and 

fluconazole, have been used 

intravenously. Still, most infections are 

fatal. Miltefosine, which is an 

investigational drug against breast cancer 

and leishmania, has lately been used in 

combination with cooling of the patient’s 

body to manage brain swelling, with 

promising results. Since there are so few 

cases, it is unclear which treatment is the 

most effective (19, 20). 

 

 

Prevention 
The infection with N. fowleri occurs 

during swimming in freshwater when 
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people dive or submerge their head under 

the water or during religious practices or 

washing their nose by contaminated tap 

water. The prevention of infection 

through swimming in freshwater is 

difficult since there is no measuring of the 

levels of N. fowleri in freshwater, so 

swimmers should always assume that 

there is a risk. There are some possible 

ways to reduce the risk such as using nose 

clips, keeping the head above the water 

surface and avoid digging in the bottom 

sediment during water activities in warm 

freshwater. However, refraining from 

activities in freshwater especially during 

the warm season is the most efficient 

countermeasure (21).  

It is important that people who flush their 

nose on purpose do so with water that is 

boiled and sterile. While washing the face 

or showering, it is important to ensure 

that tap water does not enter the nose. 

This is especially important in areas with 

poor quality of the tap water. To avoid 

contamination of the tap water system, 

monitoring levels of N. fowleri are 

necessary. Education of the public and 

developing an awareness of the risks is 

also essential as well as education of 

health practitioners to help early detection 

and diagnosis (22). 

 

Conclusion 
PAM is a deadly disease but still rare. 

However, the cases have increased in 

number over the last few years and 

therefore controlling and testing of 

freshwater, especially tap water, seem to 

be necessary. N. fowleri thrives in warm 

temperatures and due to global warming; 

an increase in temperature of the 

freshwater and subsequently an increase 

of the amoeba would not be unexpected. 

We live in a global society where people 

travel across the globe and consequently 

increased awareness is required 

everywhere. Further research to progress 

in diagnostic techniques and treatment is 

essential to manage PAM at an early stage 

to decrease the presently high fatality 

rate. 
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Nipah Virus - An Emerging Disease with Pandemic 

Potential 
 Alexander Bergman, Emelie Bringeland, Arijana Katana, Steinar Mannsverk and Erik Schubert  

Introduction  

Nipah virus (NiV) is an emerging disease, 

causing annual outbreaks in Asia since 

1998. It received its name from the 

village Sungai Nipah in Malaysia where 

it was first isolated from the cerebrospinal 

fluid (CSF) of a native patient, during the 

first recorded outbreak in 1998-1999 

(Aditi & Shariff 2019). Since this 

outbreak and up until 2015, there have 

been more than 600 confirmed cases with 

an estimated case fatality rate of 40-75% 

(WHO - Nipah Virus). NiV infections can 

occur through ingestion of bat urine-

contaminated raw date palm sap or close 

contact with infected domestic pigs (Chua 

et al., 2002). Infection can lead to 

respiratory and serious neurological 

complications but apart from supportive 

care, there is no existing treatment or 

vaccine (Aditi & Shariff 2019). Due to its 

pandemic potential, high lethality and no 

medicaments, NiV presents a serious 

threat to public health, thus having 

deserved a spot on WHOs R&D blueprint 

(WHO - Nipah Virus). In this review, we 

aim to inform and discuss essential 

inquiries on NiV, including its 

epidemiology, ecology, transmission, 

virology, which complications it causes 

as well as ongoing research and 

development of treatments.  

 

Transmission, Epidemiology and 

Ecology of Nipah virus  

Transmission 

Following the first outbreak in 1998, it 

was revealed that the natural reservoir of 

NiV is the fruit bat of genus Pteropus. 

Since the first recorded outbreak, there 

have been three main routes of 

transmission reported in human outbreaks 

-  direct infections from fruit bats, via 

intermediate hosts or sometimes human-

to-human transmission (Rahman et al. 

2010; Singh et al. 2019). . 

NiV has been isolated from 

Pteropus saliva and due to its sloppy 

feeding behaviour, the bat can drop 

partially eaten NiV-contaminated fruit 

behind after feeding (Wachara- 

pluesadee et al., 2005; Luby, Gurley, and 

Hossain 2012). Domesticated animals 

like pigs, can eat the NiV-contaminated 

fruits and act as an intermediate and 

amplifying host for the virus. Infected 

pork meat or pig secretions can hence be 

a source of infection to humans (Singh et 

al. 2019; Fig. 1).  
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In rural areas of Bangladesh and 

India, it is common to collect raw date 

palm sap for consumption during the 

winter months. During the overnight 

collection of the palm sap from the trees, 

fruit bats frequently visit the collection 

containers to feed off the palm sap (Salah 

Uddin Khan et al., 2010). Pteropus bats, 

which have been shown to carry NiV in 

their urine, contaminate the raw date palm 

sap through urinating into the collection 

containers during feeding (Halpin et al., 

2011; Middleton et al., 2007; Rahman et 

al., 2010). Several human outbreaks have 

originated through bat-to-human 

transmission via ingestion of raw NiV-

contaminated date palm sap (Singh et al. 

2019; Fig 1).  

Lastly, following a zoonotic 

infection of NiV from bats or other 

intermediate hosts, human-to-human 

transmission propagates the outbreak. 

Humans can infect others through their 

bodily fluids and commonly respiratory 

droplets transmit the virus in hospitals or 

in households (Nikolay et al. 2019; Luby, 

Gurley, and Hossain 2012; Fig. 1).  

Figure 1. Overview of reported transmission 

modes of Nipah Virus, borrowed from Chattu et 

al. (2018). 

 

Epidemiology 

Aside from the first Malaysian outbreak 

in 1998, there has been another outbreak 

in Singapore in 1999 with 11 cases and 

one death (Fig. 2). The cause of both of 

these outbreaks was the close contact of 

workers with infected pigs and pig 

excretions where the pigs themselves 

showed mild respiratory symptoms. 

Culling, deep burial and decontamination 

of pigs were key factors in controlling 

these outbreaks that lead to 294 human 

symptomatic cases with 110 deaths (Aditi 

& Shariff 2019, Singh et al. 2019).  

In 2001, human NiV infections started to 

be recognized in Bangladesh, where 

outbreaks have been occurring seasonally 

since (Fig. 2). Most of the outbreaks were 

in Central- and North-Western 

Bangladesh in an area known as the
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Nipah belt. Although some 

outbreaks were connected to close contact 

with pigs, most infections are derived 

from bat-to-human transmission. The 

seasonal theme of the outbreak can be 

linked to the sap harvesting season. The 

Bangladeshi outbreaks show an 

approximately 65% mortality rate in 

humans (Aditi & Shariff 2019; Singh et 

al. 2019). NiV infections in Bangladesh 

are particularly alarming due to the trends 

of human-to-human transmission which 

were identified in all outbreaks (Aditi & 

Shariff 2019, Homaria et al. 2007). The 

largest human-to-human outbreak 

happened in 2004 in Faridpur (Aditi & 

Shariff 2019). 

Larger outbreaks of NiV also 

occurred in India, 2001 in Siliguri and 

2007 in the Nadia district (Fig. 2). The 

location of these outbreaks is in the 

proximity of the Nipah belt across the 

border of Bangladesh. The latest outbreak 

took place in 2018 in Kerala, India (Fig. 

2). The fatality rate for NiV infections in 

India ranged between 70% and 100%. 

Human-to-human transmission in 

hospital environments was the major 

cause for all the outbreaks in India as 

palm sap consumption is not as common. 

(Aditi & Shariff 2019, Singh et al. 2019).  

One NiV outbreak transpired in 

the Philippines in 2014 with 17 confirmed 

cases and a fatality rate of 82% (Fig. 2). 

Interestingly, some of the patients had 

been in close contact with horses and 

many of these horses died due to 

neurological complications. The other 

cases probably acquired the NiV through 

human-to-human transmission (Aditi & 

Shariff 2019). 

Cases in India have been linked to 

the Bangladeshi strain of NiV (NiVB), 

whereas cases in the Philippines are 

closely related to the Malaysian NiV 

strain (NiVM). This points to the 

possibility for Co-evolution of different 

NiV strains in bats. In an emerging 

disease perspective, more spillover events 

increase the risk for mutational changes 

of the virus and possible adaptation to 

humans in the future (Aditi & Shariff 

2019).  

Figure 2. Known geographical distribution of 
Nipah virus in the world, borrowed from Sun et 
al. (2018).  
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Ecology 

Approximately two billion people 

live within the range of Pteropus bats, 

which stretches over South-East Asia, 

India, Madagascar and Northern 

Australia (Satterfield et al., 2016; Epstein 

et al., 2006). There are over 50 species in 

the genus, some of which are only found 

on certain islands in the Pacific. A 

common feature is that they are all 

dependent on a reciprocal relationship 

with their forests. Most Pteropus bats 

roost in forests in groups of varying size. 

Fruit bats can travel tens of kilometres 

every night from their roosting to feeding 

sites. The diet of a fruit bat consists 

mainly of fruit and nectar, making them 

important seed dispersers and pollinators. 

Despite having preferences, they will 

feed on what fruit or flowers are 

available, even unripe commercial fruit as 

deforestation and fragmentation destroy 

their habitats. Clearing of certain forest 

biotopes, like low land forests, is 

especially impactful due to the 

disappearance of plant species needed to 

maintain the population during periods of 

low food abundance (Pierson & Rainey, 

1992). Radio tracking of Australian grey-

headed fruit bats (P. poliocephalus) 

reveals that these mammals seasonally 

travel hundreds of kilometres in search of 

food (Spencer et al., 1991). 

Daszak et al. (2006) state human 

activity, such as deforestation, 

intensification of agriculture and 

encroachment of human settlements into 

wildlife habitats, as the primary reason 

for the emergence of NiV. Indeed, the pig 

farm associated with the index case of the 

Malaysian 1997-1998 outbreak had 

branches of durian and rambutan trees 

hanging over the piggeries. A reduced 

supply of food in the natural environment 

of the bats lures them into the lucrative 

opportunity to feed in human-cultivated 

orchards (Chua et al., 2002). Seropositive 

Pteropus bats have been found close to 

human settlements in Bangladesh, India 

and Malaysia. (Hsu et al., 2004; Epstein 

et al., 2008; Yob et al., 2001). Human 

exploitation of nature brings fruit bats 

closer to us, and with them comes this 

previously unknown virus. 

Virology 

NiV is a paramyxovirus, belonging to the 

Henipavirus genus. It is an enveloped 

virus with a non-segmented negative-

sense single-stranded RNA genome, 

having a helical symmetry. The RNA 

genome encodes six genes, with the P 

gene encoding four additional protein 

products through mRNA editing or 

utilization of an alternative start codon. 

The N, P and L protein is bound to the 

viral RNA (vRNA), forming the viral 
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ribonucleoprotein complex (vRNP). The 

G protein is the attachment protein to the 

host cell, followed by the F protein 

facilitating fusion and cell entry (Singh et 

al. 2019). After the virus is released into 

the cytoplasm, the L protein transcribes 

mRNA and full-length complementary 

RNA (cRNA) from the vRNA and viral 

proteins will be translated while more 

vRNA will be transcribed from the 

cRNA. Finally, the M protein orchestrates 

packaging and budding of viral particles 

from the cell membrane. Both the vRNA 

and viral proteins will be incorporated 

into the viral particle upon budding 

(Aguilar & Lee 2011). Due to its high 

mutational frequency, human-to-human 

transmission and binding to a highly 

conserved receptor shared among humans 

and many animals, the pandemic 

potential of NiV is alarming (Bossart et 

al. 2008; WHO - Nipah Virus). 

 

Clinical Disease, Pathogenesis and 

Pathophysiology 

The incubation period, clinical signs and 

severity of NiV seem to vary depending 

on the strain (Abdullah & Tan 2014). In 

Malaysia, incubation periods ranging 

from a few days to 2 months have been 

observed while shorter incubation periods 

have been observed in India and 

Bangladesh, ranging from 6 to 11 days 

(Goh et al. 2000, Hossain et al. 2008). 

Early symptoms of the disease include 

fever, headache and flu-like illness, 

which is followed by acute encephalitis 

with severe neurological symptoms, such 

as seizures and reduced consciousness 

(Wong & Tan 2012, Abdullah & Tan 

2014). Respiratory symptoms such as 

cough, atypical pneumonia and acute 

respiratory distress syndrome have also 

been observed, but mostly in India and 

Bangladesh. Some may also be 

asymptomatic or show very mild 

symptoms, while others develop late-

onset encephalitis or have a relapse. The 

mortality rate of the disease is generally 

quite high, and interestingly, the mortality 

rate in India and Bangladesh is higher 

(70%) than in Malaysia (40%) (Wong & 

Tan 2012, Abdullah & Tan 2014). 

The virus uses its G (attachment) 

and F (fusion) glycoproteins to enter cells 

via the cellular Ephrin-B2/B3 receptors 

(Liu et al. 2014). These receptors are 

found on the endothelium and smooth 

muscle cells in the brain, but also in the 

lungs, placenta, prostate and blood 

vessels in other tissues, and the receptors 

are highly conserved between different 

species of animals (humans, horses, pigs, 

cats) (Liebl et al. 2003, Bossart et al. 

2008). When the G protein binds and 

interacts with the receptor, it induces a 

conformational change in the 

glycoprotein which activates the F protein 
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to fuse the virus-cell membranes for 

cellular entry (Liu et al. 2014). NiV enters 

the body through the oronasal route, and 

there are strong indications that the initial 

replication occurs in the epithelial cells in 

the respiratory tract (Wong et al. 2002, 

Escaffre et al. 2013). Dendritic cells 

(DCs) and lymphocytes are likely 

involved in the dissemination of the virus 

and subsequent infection of endothelial 

cells (Mathieu et al. 2011). This is further 

evidenced by a widespread vasculitis 

which would enable the virus to cross the 

blood-brain barrier and reach the CNS 

(Wong et al. 2002).  

NiV infection can be diagnosed 

with different methods, either by direct 

detection of the agent (PCR, 

immunohistochemistry or virus isolation) 

or by detection of antibodies (ELISA or a 

Serum Neutralization Test (SNT)). 

Samples can be collected from urine, 

blood, CSF or by a throat swab. However, 

the virus is classified as a BSL-4 agent, so 

processing of the samples requires the 

highest level of biosafety although 

inactivated specimens may be handled in 

BSL-2 facilities. Supportive care is the 

most common method of treatment since 

there currently are no effective antivirals 

or vaccines for humans, the only vaccine 

that exists today is for horses (Aditi & 

Shariff 2019). 

 

Prophylactic and Post-exposure 

Treatment of NiV 

Vaccines are excellent in the sense that 

they can allow long-term immunity 

against a certain pathogen. The inhibition 

of viral binding and fusion is a classical 

target for the development of vaccines. 

Thus, the NiV outer-membrane proteins 

G and F are some of the main candidates 

as antigens to stimulate protective 

immunity (Kong et al., 2012). There have 

been preclinical trials in animal models 

which successfully stimulated production 

of anti-NiV F and/or G IgGs and 

neutralizing antibody titers against NiVM 

(Mire et al., 2013, 2018). These results 

are promising, though such a vaccine is 

not yet available for human use. 

One of the most studied subunit 

vaccines is related to another henipavirus, 

Hendra virus (HeV), consisting of a 

soluble glycoprotein (sG)(Broder, 2013; 

Middleton et al., 2014). Interestingly, 

HeV and the NiVM share 68-92% amino 

acid homology between all viral proteins, 

thus the development of a vaccine 

targeting these proteins would potentially 

lead to immunity against both (Harcourt 

et al., 2000). One HEV sG vaccine is 

licensed on the market and is cross-

protective against NiV in experimentally 

challenged animal models (Broder, 

2013). Despite the lack of available 

vaccines, the fact should not be 
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discouraging. The development of long-

term immunity through safe and efficient 

vaccines has been shown and readily used 

for other paramyxoviruses such as 

measles and mumps virus. 

In the case where prophylactic 

vaccines are not an option, post-exposure 

treatments are a good alternative as they 

may be less expensive, more easily 

distributed and may not require a health 

official to administer. Post-exposure 

treatment is critical for NiV, as outbreaks 

can be unpredictable. So far, there is one 

therapeutic shown to be effective in 

nonhuman primate models, a human 

monoclonal antibody (mAb) 102.4. It 

targets the Ephrin-B2/3 receptor binding 

site of both HeV and NiV G-glycoprotein. 

The human mAb m102.4 showed efficacy 

at clearing out a NiV infection up to 5-

days post-exposure in animal models 

(Geisbert et al., 2014). This is seemingly 

the most promising antiviral in 

development against NiV for humans. 

The broad-spectrum antivirals 

Remdesivir (GD-5734) and Favipiravir 

have shown potential as antivirals for 

NiV infection when tested in animal 

models (Lo et al., 2019; Dawes et al., 

2018; Sangawa et al., 2013) However, 

studies testing their mechanisms of action 

against NiV have concluded that further 

research is required and/or that it would 

be recommended to take the antivirals 

simultaneously to other treatments (Lo et 

al., 2019; Dawes et al., 2018; Sangawa et 

al., 2013) 

 

Conclusion and Future Perspectives 

Still, after over 20 years since the 

discovery of NiV, no specific antivirals or 

vaccines exist for human use  (Dawes et 

al., 2018). The main factor that makes the 

research slower and a more complicated 

process is the difficulty of working with 

BSL-4 agents. In addition, the rare 

instances of outbreaks and locations of 

such, make conventional clinical trials 

highly impractical. Nonetheless, the 

combination of high fatality and potential 

to become more than just sporadic 

outbreaks make the need for a 

prophylactic and post-exposure treatment 

crucial. 

NiV still poses an increasing threat to 

human health, in part due to agricultural 

intensification, but also due to low 

awareness and human behavior. A study 

conducted in randomly selected villages 

in Bangladesh found that only 37% of 

these people knew about a disease 

transmitted through raw sap, and even 

less (5%) had heard about the Nipah 

disease (Nahar et al. 2015). In another 

study, exposure to potentially 

contaminated sap decreased when people 

were encouraged to drink “safe sap” 

(protected from bats), while there was no 
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decrease in exposure for people that were 

discouraged from drinking raw sap 

(Nahar et al. 2017). Traditions are 

difficult to break, and methods for NiV 

prevention must therefore be in harmony 

with local practices to be effective. 
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The Emergence of Nipah 
Julia Bergholm, Allyson Corneus, Otto Lindahl, Ophelia Mastrangeli, Lisa Pähn 

 
Introduction 
Nipah virus was first recognized in 1998 

when it caused a large outbreak in the 

Sungai Nipah village in Malaysia, resulting 

in 265 cases of acute encephalitis, including 

105 deaths (1).  Previous knowledge of 

human infections caused by Henipaviruses 

was limited to a few cases caused by 

another member of the family, the Hendra 

virus, which emerged in 1994 in Australia 

(2). Since the  discovery Nipah virus in 

1998, almost annual outbreaks have been 

recorded in Bangladesh, with the 

occasional outbreak in India (Figure 1) 

(3,4). 

Nipah virus (NiV) is a paramyxovirus 

(Genus Henipavirus, subfamily 

Paramyxovirinae, family Paramyxoviridae, 

order Mononegavirales) capable of causing 

severe respiratory disease and encephalitis 

in humans. It is a non-segmented, 

enveloped, negative-sense single-stranded 

RNA virus which encodes for six structural 

proteins: nucleocapsid (N), phosphoprotein 

(P), matrix (M), fusion glycoprotein (F), 

attachment glycoprotein (G), and the RNA-

dependent RNA polymerase (L) (5,6).  
 

 
Figure 6. Timeline of one decade of recorded Nipah 

virus outbreaks (3). Made using Adobe Spark. 

Symptoms 
NiV causes rapidly progressing disease in 

humans, with the respiratory system and 

central nervous system (CNS) being the 

most affected (6). Symptoms usually 

appear 3-14 days after exposure. Fast onset 

of encephalitis with a high mortality rate 

(~80%) is the common form seen in 
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Bangladesh and India, where symptoms 

include fever, drowsiness, and headache, 

which usually leads to death within 10 days 

from onset of fever. Respiratory symptoms 

occur in roughly 40% of cases but are not 

fatal. However, the respiratory tract offers a 

route for infection and dissemination to the 

CNS (6,7). There have been reports of long-

term immune evasion by the virus, with 

subsequent relapse and death following 

acute encephalitis in a few cases (8).  

Affected areas, the affected, and 

those at risk 
After emerging in Malaysia and Singapore, 

outbreaks have been recorded on an almost 

yearly basis in India and Bangladesh. The 

reservoir animal, flying foxes (Genus 

Pteropus), have been found to circulate 

over wide areas in Southeast Asia, 

including countries such as Papua New 

Guinea, Cambodia, Indonesia, Vietnam, 

and Thailand (9). The presence of the Nipah 

virus has been confirmed in these areas. 

According to WHO, even fruit bats 

belonging to genus Eidolon which are 

present in Australia, China, and 

Madagascar are positive for antibodies 

against the virus, suggesting that the 

presence of the disease is not limited to Asia 

(Figure 2) (10).  

Many animal species are susceptible to 

infection, including domestic animals such 

as cats and dogs, and pasture animals such 

as sheep and horses (6). Pigs are found to 

be the amplifying intermediate host for the 

virus. Unfortunately, they suffer a similar 

fate as humans, experiencing respiratory 

and neurological symptoms and even 

sudden deaths, although the mortality 

among pigs is low (5,9). 

The disease is affecting primarily humans. 

Persons who are at the epicentre of the most 

recent outbreaks are consumers of bat urine 

contaminated raw palm sap. Amongst these 

persons, the notion that the consumption of 

raw palm sap is associated with a serious 

disease is not widespread, with less than 

40% of the interviewees reporting being 

aware of the risk of disease transmission, 

and 10% of these believing that the disease 

transmitted by the sap is mild (11). 

In 2004, a case-control study, using contact 

tracing during an outbreak in the 

Bangladeshi district of Faridpur, showed 

that transmission between humans is 

possible when comparing suspected, 

probable, and confirmed cases to matched 

controls. Even an environmental study was 

performed to explore the risk of nosocomial 

infection. All of the results pointed to 

plausible contact-associated transmission 

(12). 
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Figure 7. Nipah virus outbreaks and countries at risk (13). Made using mapchart.net. 

In recent years several modes of 

transmission have been identified, proving 

that Nipah is a versatile and easily 

contractible disease. Infection is possible 

through contact with infected humans or 

animals, contact with contaminated 

surfaces in hospital settings, and 

consumption of contaminated foods and 

drinks. Bangladeshi outbreaks have been 

recorded occurring with more cases of 

severe acute respiratory disease syndrome 

and multi-organ dysfunction syndrome, and 

thus have been associated with higher 

mortality (14). 

 

Diagnosis 

Due to the varied symptoms and late onset 

of NiV infection, diagnosis based solely on 

clinical symptoms can be quite difficult, 

which can hamper the implementation of 

timely and effective control measures. 

Thus, the use of efficient diagnostic tools is 

paramount in preventing an outbreak (15). 

A real-time RT-PCR (TaqMan) assay was 

developed in 2004 based on the N gene. 

This test can distinguish between Hendra 

and Nipah, and has a sensitivity close to 1 

PFU, making it a vital tool in viral 

surveillance and specific diagnosis of NiV 

(15,16). ELISA remains the most used test 

for NiV and allows for rapid and safe 
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diagnosis with high sensitivity. Detection 

of both IgM and IgG are available and have 

been used in previous outbreaks. As NiV 

requires a BSL-4 laboratory to be handled 

safely, tests that do not require virus 

amplification, such as IgM or IgG ELISA, 

are preferable, especially as most infections 

occur in resource-poor settings (6,17). The 

WHO points out the need for a quick test 

with a high sensitivity and specificity which 

can be used to prevent future outbreaks 

(18). 

Prevention 
Cooking the raw palm sap has been 

recommended by the doctors in Bangladesh 

to deactivate the virus and make the sap safe 

for consumption (19). Studies have shown 

that raising the temperature to 37°C for 31 

hours lowers the TCID50 (median tissue 

culture infectious dose - the dose at which 

50% of tissue cultures are positive for the 

virus) by three logs. Lowering pH appears 

to also have a destructive effect on the 

virus. The same study shows that when the 

pH of bat urine is experimentally lowered 

using hydrochloride from neutral pH 7 to 

acidic pH 2, the virus is inactivated within 

30 minutes even at room and bodily 

temperatures (20). 

An effective way of lowering the risk of 

disease is, of course, physical barriers 

protecting the sap from becoming 

contaminated by the bat urine in the first 

place. Several pilot studies confirmed that 

usage of “skirts” made from bamboo, jute 

stalks, or other materials over the collection 

jar limits the bats' contact with the palm sap. 

This action prevents contamination of the 

sap and the transmission of Nipah as well as 

several other diseases, including 

Salmonellosis, Leptospirosis, and many 

more (21,22). 

Treatment options and vaccination 
A few different treatments have been tried 

against the Nipah virus since its first 

outbreak. Ribavirin was one of the antiviral 

candidates to treat the first human cases of 

the disease. The only in-vivo study of this 

treatment based on the Malaysian outbreaks 

in ‘98-’99 showed no significant 

differences between patients who received 

the treatment and those who didn’t. 

Contradicting results have later been 

reported in ribavirin studies on Nipah 

inoculated cell lines. Due to risks and side 

effects associated with long-term treatment 

with ribavirin (neutropenia, anaemia, 

lymphocytopenia, and more), only short-

term treatment has been recommended by 

WHO, following a Lassa fever treatment 

schedule (14). 
Another treatment strategy that has been 

tested is the use of monoclonal antibodies 

targeting the ephrin-B2 and ephrin-B3 

receptors. These receptors are present on 

epithelial cells, cells of the respiratory tract, 
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macrophages, neurons, and smooth muscle 

cells (9). The monoclonal antibody m102.4 

would neutralize the virus by outcompeting 

the binding of viral attachment glycoprotein 

G to the cellular receptor. Studies on 

African Green Monkeys have shown a high 

rate of survival in inoculated specimens that 

have been treated with m102.4 (14).  

Favipiravir is a purine analogue that 

inhibits viral RNA-dependent RNA 

polymerase. It has been used against 

influenza but has also been tested against 

other viral diseases with a great success 

rate. It is effective in-vitro against other 

paramyxoviruses (measles virus, human 

metapneumovirus, and more) and is being 

researched as a potential candidate for 

Nipah treatment (23). 

Several studies have been aimed at 

developing potential vaccine candidates 

against Nipah. Thus far the usage of live-

attenuated vaccines based on such viruses 

as measles or vesicular stomatitis virus has 

been proven to elicit a protective immune 

response to lethal challenge with the virus 

inoculates in laboratory animals. The latest 

research into rabies-based vaccines looks 

just as promising, suggesting a future 

solution for more than one deadly disease 

(24). 

For now, the only accessible treatment is 

limited to supportive care during the acute 

phase of the disease, as well as supportive 

care of any respiratory and neurological 

complications that occur in those few who 

manage to survive a Nipah infection. (6). 

Conclusion 
To conclude, Nipah is a severe disease that 

today is limited to Southeast Asia. 

However, with its reservoir host, the fruit 

bat, being present in large parts of the world 

there is a great risk of further spread and 

more outbreaks. With no available vaccine 

or treatment, it is of utmost importance to 

research these areas but also to improve 

diagnostics to quickly isolate cases and 

prevent the spread of NiV. 
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– AMR: A Threat to Global Health  

+ Phage Therapy: A Possible Solution 
Ender Efe Cerit 

Antimicrobial resistance (AMR) is a 

rising threat to global health. According 

to the Centers for Disease Control and 

Prevention (CDC), we are already living 

in the post-antibiotic era. Resistance 

mechanisms to almost all clinically 

available antibiotics can be found 

abundantly in the nature, and infections 

due to multidrug resistant (MDR) 

bacteria are rising exponentially around 

the globe. These hard-to-treat and 

impossible-to-treat infections lead to a 

tremendous increase of morbidity and 

mortality among patients, and also a 

significant financial loss. At this rate, 

minor injuries and common infections 

can become lethal in near future. 

However, phage therapy, an old method 

currently revisited, can be our savior (1, 

2). 

 
Introduction 
Even though antimicrobial resistance is a 

natural phenomenon that existed before 

mankind repurposed so-called antibiotics 

as modern day drugs, excessive overuse 

and abuse of these compounds in clinical 

and industrial settings created a 

paramount selective pressure. That 

selective pressure led to evolution of 

MDR, extensively drug-resistant (XDR), 

and even pan-drug resistant (PDR) strains 

of bacterial pathogens, which could easily 

be treated with penicillin just 50 years 

ago, but nowadays can show resistance to 

even last resort antibiotics such as 

carbapenems and cephalosporins. Among 

these pathogens, a group known as 

ESKAPE (Enterococcus faecium, 

Staphylococcus aureus, Klebsiella 

pneumoniae, Acinetobacter baumannii, 

Pseudomonas aeruginosa, Enterobacter 

spp.) lies at the heart of the AMR crisis 

with their ability to “escape” from the 

antimicrobial effect of commonly used 

drugs. In addition to this group, there are 

other bacterial pathogens with high 

priority such as Helicobacter pylori, 

Campylobacter spp., Salmonella spp. and 

Neisseria gonorrhoeae (1, 2).  

Although immunocompromised and 

hospitalized individuals are under high 

risk, nowadays AMR infections can be 

detected in healthy individuals, too. 

Worldwide, 700,000 people die due to 

AMR infections each year (Figure 1). 

Projections show that the number of 

deaths per year will increase 10-fold by 

2050, and 10 million people will die 

every year. 
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Figure 1. Deaths attributable to AMR 

every year and projection for 2050. 

Borrowed from O’Neill (2014). 

Nine million of these deaths will occur in 

Asia and Africa, the continents that house 

most of the developing countries (Figure 

2). Even today, statistically, one child in 

India dies due to AMR infections every 9 

minutes. Moreover, it is estimated that the 

global cost of AMR infections will be 100 

trillion USD by 2050. Therefore, AMR is 

a global health threat that does not 

recognize borders, age, sex or 

socioeconomic status. However, it is also 

a fact that the latter has a role in the 

prevention of death, as it can also be 

understood from 2050 projections: 

Developing countries will suffer more 

due to AMR, and a universal, sustainable 

and adaptive solution is needed as soon as 

possible (2, 3, 4). 

 
Figure 2. World map showing 2050 

projections regarding deaths attributable 

to AMR every year. Borrowed from 

O’Neill (2014). 

The so-called “Golden Age of 

Antibiotics” has already passed, and we 

are left with a shipwreck called “dry 

pipeline” due to a vicious cycle of 

antibiotic discovery-overuse-resistance 

development. For pharmaceutical 

companies, the antibiotic development 

process is a long hard road with little to 

no profit at the end. Resistance 

development for an antibiotic takes less 

time than the actual time spent on the 

development of that antibiotic. Antibiotic 

usage and availability in clinical and 

industrial settings definitely need more 

strict regulations worldwide, not just in 

developed countries. Old drugs should be 

revisited or revived with the settings of 

current clinical trials, just as in the cases 

of polymyxins and chloramphenicol. 

Financial stimulus should be provided to 

pharmaceutical companies, universities 

and research institutes in the light of in 

silico deep learning, which recently gave 



 48 

us halicin, a repurposed antidiabetic drug 

candidate with a novel antimicrobial 

mode of action. Last but not least, the 

revival of phage therapy which was 

discovered even before the antibiotics and 

sulfa drugs but neglected and sidelined 

due to the sheer practicality of those 

drugs, could be a game changer (2, 5). 

 
Bacteriophages: Killers in the 

Need of Direction 
Bacteriophage viruses are the natural 

predators of bacteria, abundant and 

ubiquitous in the environment. In every 

48 hours, they kill half of the bacterial 

population on Earth. In 1931, French-

Canadian microbiologist D’Herelle 

discovered bacteriophages as biological 

agents to treat bacterial infections. 

Following their discovery, even though 

antibiotic treatments surpassed 

phagotherapy in terms of practicality, 

phages are still used in several institutions 

in different countries as therapeutic 

agents, such as Eliava Institute in Georgia 

or Hirszfeld Institute in Poland. 

Bacteriophage cures can either be 

prepared as ready-to-use cocktails for 

extended coverage, or can be tailor-made 

for a specific bacterium. Phagotherapy 

can be used for all kinds of infections in 

body: systemic infections (IV delivery), 

 
1 Lytic Cycle: Viral reproduction process results 
in the lysis of the host cell.  

gastrointestinal infections (ingestion), 

skin infections (topical applications), and 

respiratory tract infections (inhalation). 

Two main requirements are that the 

therapeutic phage must possess 

confirmed antibacterial activity against 

its target, and be strictly lytic1 (2, 6, 7, 8). 

However, as most therapies do, 

conventional bacteriophage therapies 

also have limitations: Due to their high 

specificity, phages have a very narrow 

spectrum, resistance may develop rapidly 

towards phages, or during therapy phages 

can either be cleared by immune system 

or might create immune response in the 

body. Therefore, identification and 

characterization of bacterial host 

receptors for bacteriophages could 

provide fundamental information 

regarding resistance development to 

phages and evolutionary trade-offs that 

would hinder possible combinatory 

phage-antibiotic therapies in the future. 

Moreover, methods that enable the 

selection of phage variants with 

prolonged circulation time in the human 

body could prevent undesired immune 

responses (2, 9, 10). 

As science and technology developed 

exponentially since 1931, so did AMR. In 

the post-antibiotic era, we need 

alternatives to antibiotics or supplemental 
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therapies to antibiotic regiments in use. 

Phages’ advantageous properties over 

antibiotics such as;  

• High specificity which ensures 

the protection of microbiota,  

• Exponential self-replication 

which reduces the number and 

dose of therapeutic agent 

administrations to body,  

• Self-limitation which enables the 

inactivation of therapeutic agent, 

• Therapeutic alternatives for 

people with serious antibiotic 

allergies,  

• Non-infectious nature for 

mammalian cells,  

• Anti-biofilm activity, 

• Bactericidal mode of action,  

• Simple and inexpensive 

propagation, 

• Counteractive evolution 

capabilities towards phage 

resistance development in the 

bacteria (a.k.a. Red Queen 

hypothesis2). 

These advantages can be explored further 

with our current knowledge in the fields 

of virology, molecular genetics, 

immunology and pharmacology, where 

phagotherapy can be a shining example as 

a solution for global AMR crisis (2, 8, 9). 

 
2 Red Queen Hypothesis: According to 
evolutionary biology, species must adapt and 

 
Current Topics in Phage 

Therapy 
Due to the limitations of the conventional 

phage therapy, researchers are developing 

novel methods and approaches to 

improve the process and expand its 

availability beyond compassionate use. 

One of those approaches in conventional 

phage therapy is the sequential 

administration of phage cocktails which 

hinders resistance development by 

exposing susceptible bacteria to a 

different phage, one after another. 

Exploiting phage-antibiotic synergy is 

another approach where sublethal 

antibiotic concentrations inhibit fission 

and thereby allow larger burst size and 

quicker spread for phages. This approach 

would reduce the amount of antibiotic 

usage and give antibiotics a second 

chance against MDR bacteria. Based on 

this concept, a spin-off approach is 

developed to take advantage of 

evolutionary trade-off hypothesis: 

exposure to specifically characterized and 

selected phages impose an evolutionary 

cost on MDR bacterial pathogens, and 

thereby desensitize them to antibiotics 

once again. Methods involving utilization 

of phage-derived enzymes such as virion-

associated peptidoglycan hydrolases and 

evolve perpetually in order to preserve their 
status quo. 
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polysaccharide depolymerases aim to 

degrade problematic bacterial cell 

envelope structures (e.g. extracellular 

matrix of biofilms, bacterial capsules, 

lipopolysaccharide of Gram-negative 

bacteria) and enhance the effectiveness of 

antimicrobials and host immune 

response. Another class of these enzymes 

are endolysins which degrade 

peptidoglycan, and are potent against 

Gram-positive bacteria even on their 

own. Bacteriophage Lysins as 

Alternatives to Antimicrobial Treatment 

(BLAAT) is a multi-partner project 

focused on these enzymes, involving 

research groups from Stockholm 

University, Technical University of 

Denmark, Catholic University of Leuven, 

and others. Last but not least, phage 

bioengineering has the potential to 

increase therapeutic capabilities of 

phages by the modification of certain 

mechanisms such as expansion of host 

range, switching host tropism, exogenous 

gene delivery, antibiotic delivery, capsid 

modifications, and phage-based vaccines 

via phage display (2, 10, 11). 

 
Improvement of Phage Therapy 

on Global Health 
In 2015, a couple from USA traveled to 

Egypt. During their visit, the husband 

suffered a gallstone attack and contracted 

a drug-resistant A. baumannii infection in 

his abdomen. By the time they returned 

home to seek treatment, the bacteria had 

become pan-resistant. Although he was 

receiving the best treatment available, he 

was slowly wasting away. However, his 

wife was no “ordinary” person: She was 

Dr. Steffanie Strathdee, a senior 

infectious disease epidemiologist, who 

managed to reach research centers and 

institutions studying and performing 

phage therapy. With the help of the phage 

researchers in Texas A&M University, a 

phage hunt was initiated, and after three 

weeks of hard, continuous work, a 

purified phage cocktail was delivered 

intravenously to her husband with the 

permission from FDA for compassionate 

use. Treatment worked, her husband 

woke up from his coma, and began his 

recovery. After her experience, more 

people all around the world, suffering 

from similar MDR infections, reached out 

to her and her colleagues. Therefore, they 

have established the Center for 

Innovative Phage Applications and 

Therapeutics (IPATH) at University of 

California San Diego (UCSD), so that 

people in urgent need would have access 

to this treatment globally. This incident 

itself proves that AMR bacteria do not 

recognize borders and can happen to 

everyone any time, and we need more of 

these collaborative initiatives like IPATH 

(1, 12). 
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Phage therapy has the potential to save 

hundreds of thousands of people dying 

each year due to AMR infections. It can 

also gradually reduce or even put a halt to 

misuse and abuse of antibiotics which are 

dwindling precious resources. To achieve 

these goals, public awareness and 

attention of media should be raised by 

exemplifying the success of 

phagotherapy. Most importantly, people 

and organizations in power such as 

scientists, clinicians, pharmaceutical and 

biotechnology companies, policy makers 

and lawmakers should invest their 

concentrated effort to promote this 

method in terms of maintaining equity, 

increasing the availability and 

accessibility for all people regardless of 

their nationality or socioeconomic status. 

Currently, applications of phagotherapy 

are stuck between costly medical tourism 

involving certain institutes like Eliava or 

Hirszfeld, compassionate use 

complicated by legal and clinical 

obstacles, or on-going clinical trials 

where you can end up with placebo or not 

recruited at all. Without a doubt, 

tremendous effort and more is required 

from all branches of stakeholders listed 

above to downscale this therapy from 

exclusive personalized cures to versions 

applicable to larger populations across the 

globe. For that reason, besides new R&D 

projects, platforms and programs that 

would establish communication, 

collaboration and data transfer across 

institutions, universities and research 

centers are being founded. Among those; 

Phage Directory which is basically an 

online catalogue of phage researchers, 

and Phages for Global Health which 

trains international multidisciplinary 

researchers to develop novel 

phagotherapies especially in developing 

countries, are two of the most prominent 

programs (2, 7, 8, 13, 14).  

In addition to these two, SEA-PHAGES 

(Science Education Alliance-Phage 

Hunters Advancing Genomics and 

Evolutionary Science) program 

succeeded in the collaboration of 73 

phage research institutions for the 

purpose of isolation and characterization 

of phages to form a vast phage collection 

(2). By the help of this collection, phages 

from SEA-PHAGES collection was 

bioengineered via “Bacteriophage 

Recombineering of Electroporated DNA” 

(BRED) technique for the treatment of a 

15-year-old patient with a lung transplant 

to cure his drug-resistant Mycobacterium 

abscessus infection (15, 16). To note, 

another successful and promising phage 

bioengineering method is “Chemically 

Accelerated Viral Evolution” (CAVE), 

which successfully increased thermal 

stability of bacteriophages in its debut 

trial (17). Similar to Eliava and Hirszfeld, 
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Adaptive Phage Therapeutics, a medical 

research company, supported by the US 

Department of Defense and also in 

collaboration with previously mentioned 

IPATH, offers phage therapies 

internationally with their vast PhageBank 

focused on ESKAPE pathogens, and their 

Host Range Quick Test (HRQT) 

screening method, albeit with a price 

(18). An important point to mention: 

Currently the cost of phage therapy is 

high. For example, Eliava Institute 

charges €1900 only for distance 

treatment, and charges €1400 more for 

personalized treatment (19). However, 

the high cost is not due to the 

expensiveness of the materials or the 

process, on the contrary, it is cheap and 

easy to propagate and select phages when 

it is compared with antibiotic production. 

The cost of phage therapy is high due to 

the decades of expertise and intellectual 

property. However, with the expansion 

and generalization of phage therapy, 

these prices must be lowered, as it 

happens in all other business sectors. In 

the near future, this healthcare service 

should be available and accessible to 

everyone within a reasonable, affordable 

cost. Instead of spending significant 

financial resources to flourish the drying 

pipeline of antibiotics, these resources 

could instead be diverted to this fertile but 

uncultivated field. Unlike development of 

a novel antibiotic, pharmaceutical 

companies might earn back their 

investments in this field, and people in 

need from all over the world could have 

access to this new way of therapy: a win-

win situation. Therefore, governments, 

private foundations like Bill and Melinda 

Gates Foundation, prominent 

stakeholders, global actors like World 

Health Organization, commercial 

chambers, universities and research 

institutes should invest in phage therapy 

to establish small but functional niche 

manufacturers specialized in separate 

tasks such as phage isolation, expansion 

of phage collections, safety assessment of 

phages, phage-bacterium compatibility 

screening, therapeutic applications, large-

scale production, distribution and storage, 

etc. The ultimate goal is to establish and 

expand phage libraries and automated 

quick phage identification systems across 

globe, working in unison, accessible to 

everyone (2). 

 
Conclusion 
As Albert Einstein said: “Imagination is 

more important than knowledge.” In 

1925, an American author, Harry Sinclair 

Lewis, published a book named 

“Arrowsmith” where the titular character 

cures an outbreak of bubonic plague with 

phage therapy in a Caribbean island. 

Perhaps a century later, maybe not by a 
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single but by multiple creative 

researchers, a solution for global AMR 

crisis can be found, mirroring the book 

(13). 
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Introduction  

 

Tuberculosis (TB) is a disease linked to 

poverty; the bacterium primarily affects the 

poorest in middle- and low-income countries 

[1]. TB remains the leading cause of 

mortality due to an infectious disease in the 

world, it is estimated that 10 million people 

become infected every year due to the 

bacterium. Out of the 10 million, 8.7 million 

(87%) reside in the 30 countries with the 

highest TB burden worldwide. The 

bacterium claims approximately 1.3 million 

lives every year [2].  M. tuberculosis has 

evolved alongside humans for thousands of 

years. The pathogen-human coevolution is 

not fully understood, and neither is the 

interaction between pathogen and host 

immune response. Many components of the 

immune response against Mycobacterium 

tuberculosis complex (MTBC) are well 

documented and researched, however, some 

of the molecules and mechanisms of the 

immunity remain ambiguous [3]. Alongside 

the understanding of the immune system's 

role in TB infection the pathophysiology of 

TB also continues to evolve. More research 

indicating that the traditional model of clear 

and distinctive latent and active forms of TB 

do not explain the complexity of the host-

pathogen dynamics that are involved in the 

pathology of TB [1]. 

 

Tuberculosis-human interactions 

 

The initiation of an M. tuberculosis infection 

starts with the inhalation of tuberculosis 

bacilli. The epithelial cells found in the 

airways are the first cells to enter in contact 

with TB bacilli. Even though they are not 

considered to be “professional immune” cell, 

some mechanisms of the innate immunity 

take place during this first encounter, 

especially recognition of the bacilli through 

pattern recognition receptors which is a 

mechanism that leads them towards the 

production of cytokines. Later on, a 

particular type of immune cells, alveolar 

macrophages, will ingest the bacilli. They are 

the first line of defence, however, in TB 

infection they can also promote the infection. 

The capability of the alveolar macrophages 

to eliminate the pathogen is dependent on the 

innate microbicidal ability of host immune 

cells and the virulence factors of the ingested 

M. tuberculosis. If the bacilli can escape the 
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microbicidal ability of these cells, they will 

be able to multiply, and the macrophages will 

become a niche for the replication [4]. This 

TB essential infection stage takes place 

inside the phagosome of the macrophages. 

More cells will arrive at the site of infection, 

among them, neutrophils will play an 

important role in the host immune response 

against TB. They will amplify the 

inflammatory reaction by the release of 

cytokines, they will also release 

antimicrobial peptides. The newly released 

antimicrobial peptides will be phagocyted by 

macrophages and play a key role in the 

elimination of bacilli.  The role of neutrophils 

can also harm the host since they cause tissue 

damage through the production of cytokines 

and antimicrobial products. They also 

produce PD-L1, a molecule that induces cell 

death and might be the cause of the loss of 

function of other immune cells in the 

inflammation site. Later stages of the 

immune response will be part of the so-called 

adaptive immunity, these responses are 

induced when the bacilli spread inside the 

lymph nodes, at this stage the infection is 

well established. The production of INF-

gamma is important for the maturation of the 

phagosome in macrophages and it is 

dependent on CD4+ T-cells. The adaptive 

immunity together with the innate immunity 

is responsible for coordinating an enclosed 

structure called a granuloma, this is a 

structure formed by immune cells that will 

surround the infected macrophages and 

bacilli and will prevent the infection from 

spreading. Latent tuberculosis can become 

active when the granuloma opens due to 

immune depression or trauma, then the 

person infected will be able to spread the 

infection. It is important to mention that the 

development of the granuloma requires an 

inflammatory response but its maintenance 

requires low levels of inflammation [5]. 

Some key factors may be involved in the 

progression towards an active TB infection, 

among them, some research groups have 

suggested that inflammation may lead to an 

active form of TB.  The infiltration of 

neutrophils can damage the granuloma 

structure, thereby allowing the bacilli to 

spread, resulting in active TB [6]. The role 

that T regulatory cells (T reg cells), immune 

cells that regulate the degree of inflammation 

during the immune cell response, has of late 

received more notoriety. It is believed that 

they can play a role in limiting the tissue 

damage caused by other immune cells [5]. 

Some studies done in mice susceptible to TB 

indicate that the role of T reg cells might 

increase the susceptibility to TB bacilli [7].  
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Advances against TB  

 

Since TB has been considered a global health 

emergency an abundance of research into the 

pathogen has resulted in advances against 

TB. To detect the presence of M. tuberculosis 

infections, skin tests or blood analysis is 

regularly used. Skin test, also known as 

Mantoux tuberculin skin test (TST), is 

performed by injecting a small amount of 

tuberculin into the skin of the forearm. After 

48-72 hours the patient's injection wound 

will be analyzed by medical staff. A positive 

TST depends on the size, swelling and the 

hard bump that has been formed on the skin 

due to a hypersensitivity type 4 reaction. An 

alternative method to the skin test is a blood 

analysis or interferon-gamma release assays 

(IGRAs). To perform IGRAs blood will be 

drawn and sent to a laboratory for analysis 

[8]. Both methods require highly educated 

staff, there expensive and results can be 

measured 24-72 hours after testing. Cepheid 

GeneXpert MTB/RIF assay is a point-of-care 

instrument that utilizes the nuclear acids of 

the bacterium to detect its presence in 

samples. The instrument can detect the 

presence of M. tuberculosis as well as 

multidrug-resistant TB (MDR-TB) and 

rifampicin-resistant TB (RR-TB) within 2 

hours turnaround-time. The assay has high 

specificity and sensitivity and can be utilized 

in TB-high areas with low resources and staff 

education [9].  

In addition to advances in diagnostics, new 

antibiotic drugs against the bacterium are in 

phase 2-3, including bedaquiline and 

delamanid. Both drugs received approvals 

based on 2012 and 2014 phase 2 data. These 

healthcare implementations help in 

controlling the bacterium but are not enough 

to eradicate TB [1] 

 

Treatment and healthcare challenges 

 

Even though TB has been considered a 

global health emergency for more than two 

decades and has been researched in-depth, 

only modest healthcare-related inventions 

have been integrated into treatments against 

TB. There is no existing vaccine that can 

completely protect against TB infections, the 

current vaccine administrated to children has 

variable effectiveness and it is used for the 

prevention of childhood tuberculous 

meningitis in high-risk countries. There is 

also no treatment targeting the progression 

from latent to active TB [4]. Additionally, the 

emergence of drug-resistant TB (DR-TB) 

and MDR-TB has made the already hard to 

treat bacteria even harder to treat [1].  

The current treatment consists of a 

combination of drugs administered during a 

long period, the period can range from 6 

months for drug-sensitive TB to more than 

18 months for those infected by MDR-TB. 

[11]. These resistant M. tuberculosis strains 

have retained at least one resistant 



 58 

mechanism against the most potent and 

frequently used antibiotics, isoniazid and 

rifampin. Approximately 480 000 new cases 

of MDR-TB and 100 000  RR-TB cases were 

detected in 2015 [10].  This resistant TB will 

potentially make this pathogen the world’s 

deadliest infectious agent, as it is already 

responsible for ¼ of deaths due to 

antimicrobial resistance worldwide. To 

eradicate this curable pathogen, and one of 

the greatest threats to the world’s population, 

trailblazing methods and treatments are 

needed [1].  

 

New approaches 

 

Nowadays the treatment of tuberculosis is 

directed towards Mycobacterium 

tuberculosis itself. A growing number of 

research groups are now focusing their 

efforts on developing host-directed therapies 

(HDT) that in this case target the immune 

response towards TB [11]. Among these 

strategies, some interesting suggestions have 

risen. The use of anti-inflammatory drugs 

such as ibuprofen has been suggested to 

decrease the tissue bacillary loads and linked 

to an increase in survival [12]. Others also 

suggest cell-based therapies such as the use 

of mesenchymal stem cells to induce an anti-

inflammatory and tissue repairing effect [11]. 

The induction of an anti-inflammatory stage 

in the patient can be done through many 

different strategies, among all these 

interesting suggestions, the use of the oral 

administration of heat-killed environmental 

Mycobacterium to induce tolerance to 

Mycobacterium tuberculosis might be one of 

the most creative strategies [13]. 
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Multidrug-resistant Mycobacterium Tuberculosis and associated risk 

factors in rural health centres in South Africa 

Rethabile Ramosoeu 

Introduction 

Multidrug-resistance is a growing 

concern of global End Tuberculosis (TB) 

Programs, this unique End TB strategy is 

faced with a huge challenge of resistance 

to most powerful drugs known in TB 

programs. MDR-TB is when TB 

administered drugs are no more able to 

kill the pathogen Mycobacterium 

tuberculosis (M. tuberculosis). Every 

year, the World Health Organisation 

(WHO) declares the 24th of March as the 

World Tuberculosis Day. This marks the 

announcement by Dr Robert Koch on the 

24 of March in 1882 that he had identified 

M. tuberculosis as the cause of TB (1). He 

was the first to successfully isolate the 

causative agent of TB. However, more 

than a century after Robert Koch 

discovered M. tuberculosis. TB remains 

number one killer disease above 

HIV/AIDS globally (2). 

Causes and distribution of 

Tuberculosis  

Although M. tuberculosis is the major 

causative agent of TB, other pathogens 

such as Mycobacterium bovis and 

Mycobacterium africanum can also cause 

TB (3). Bacterial infection by these 

pathogens typically targets the lungs. 

This type of TB is referred to as 

pulmonary TB. However, it can also 

affect other areas of the body, including 

the bones, brain, kidneys, as well as 

regional lymph nodes, which then is 

referred to as extra-pulmonary TB (4). 

Furthermore, it has been reported that 

extra-pulmonary TB patients have been 

notified to be easily progresses to MDR-

TB (5). The reason hind this progression 

is liked to misdiagnosis of extra-

pulmonary TB patients (5). 

In South Africa MDR-TB cases were 

estimated to be 13,000 in the year 2018. 

According to the World Bank global 

report of 2018, the prevalence of TB and 

HIV/AIDS among migrant mineworkers 

and ex-mineworkers across neighbouring 

nations, including Lesotho, Botswana, 

and Zimbabwe has hugely contributed to 

the spread of MDR-TB in South Africa 

(6). 
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Figure.8 Percentage of cases testing for resistant to TB 
drugs 

Definition of multidrug-resistant-TB 

Two modes exist by which patients 

contract drug resistant-TB (DR-TB). 

Primary resistance results from infection 

with a drug-resistant strain, whereas 

resistance that develops during the period 

of treatment course is referred to as 

secondary or acquired resistance (7). The 

increase of resistance might occur as a 

result of additional drug administration 

during treatment, often in association 

with inadequate therapy (8). The most 

common resistance experienced among 

TB patients is multidrug-resistant-TB 

(MDR-TB). MDR-TB is a form of drug-

resistant TB in which M. Tuberculosis 

can no longer be killed by the two 

antibiotics most commonly used to cure 

TB, i.e. Isoniazid and Rifampicin (9). The 

treatment of MDR-TB is expensive as it 

is prolonged for 18 to 24 months and this 

is associated with a higher incidence of 

adverse reactions among TB patients due 

to the extended process of administration 

of cure (10). The treatment is also 

complex because it has to take into 

account clinical history, and includes 

administration of at least five drugs, three 

of which should not have been used 

previously as well as the use of a 

fluoroquinolone and the use of an 

injectable anti-TB drug (11). The 

standardized drugs used for the 

management of MDR-TB, approved by 

WHO, are Terizidone, Levofloxacin, 

Pyrazinamide, Ethambutol, and either 

Streptomycin or Amikacin (12). 

 
Figure.9 Classification of anti TB drugs 

Factors that influence MDR-TB 

MDR-TB development is often 

associated with patients who default in 

their TB treatment (13). Some reports 

suggest that running out of stock of the 

first-line drugs, especially in a low or 

middle-income country, is the main factor 

driving MDR-TB. Also, poor prognosis 
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of TB patients, low adherence to TB 

treatment, and inadequacy of a drug 

regimen are also contributing factors to 

development of TB (13).  

Human immunodeficiency virus (HIV) 

infection has also been implicated among 

the causes of MDR-TB and is indicated as 

the strongest predictor of death among 

MDR-TB patients (14). HIV and TB have 

a synergistic relationship; TB causes cell 

activation and excessive cytokine 

productions of the infected person. later 

stimulates HIV replication and 

accelerates the progression to Acquired 

Immunodeficiency syndrome (AIDS) 

(15). The HIV virus attacks the immune 

system of the infected person and 

severely weakens it. Therefore, infected 

people are highly vulnerable to 

opportunistic TB infections (16). Some 

reports show that TB/HIV/AIDS 

medication have more side effects in 

MDR-TB patients. 

In most African communities, living 

arrangements are less than adequate, with 

poor ventilation as additional challenges. 

A South African study conducted to 

determine the link between TB 

transmission and ventilation in traditional 

homes indicated that natural ventilation 

contributed to TB prevention (17). 

Environmental factors, such as poor 

infection control and overcrowding 

increases the risk of TB transmission. A 

lack of, or poor, infection prevention and 

control precautions contribute to an 

increased risk of contracting TB 

further.(18). 

Stigma has been identified as a very 

important social determinant of health 

and the ability to manage illness and 

complete treatment (19). In sub-Saharan 

Africa, stigma and adverse perceptions 

about the link between TB and HIV, at 

both community and individual levels has 

delayed diagnosis, and thus has increased 

transmission of TB infection. As a result 

of stigma and discrimination in some 

society women has been contracting TB 

infection; thus, skewed perception about 

TB infections often cause these women to 

be cast out by their families and 

communities (5). Cultural and financial 

barriers can act as major obstacles for 

women seeking care resulting in delayed 

diagnoses and more severe illness from 

TB and HIV/AIDS (5). 

Bacillus Calmette Guerin (BCG) vaccine, 

which is extensively used as part of the 

Expanded Program on Immunisation 

globally. The vaccine prevents against 

only severe forms of childhood TB (20). 

The current vaccine does not protect 

against the most prevalent form of 
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pulmonary TB in all age groups, making 

TB containment more difficult (21). 

Clinical evidence has shown that the 

likelihood of misdiagnosing MTB is 

higher in patients infected with HIV. The 

diagnostic difficulty arises from non-

specific symptoms, absence of typical 

radiological presentations and sputum 

smears that are negative for acid-fast 

bacilli (22). The diagnosis of TB is 

further complicated in HIV infected 

children who present with advanced 

immune-suppression. These could be 

pneumonia, disseminated bacterial-, 

fungal- and viral infections. (23) HIV 

positive patients who present with signs 

and symptoms of active TB, including 

chronic cough, fever, night sweats, and 

weight loss over extended periods. The 

normal chest radiographs are often non-

indicative to the effects of TB bacilli. 

These challenges are associated with the 

viral load suppression of the bacilli in the 

body in patients affected by HIV/ AIDS 

(24). It was found that poor quality 

directly observed treatment has resulted 

in poor adherence, thus causing 

previously treated cases to develop a 

resistance to TB drugs (25).  

Conclusion 

Elimination of TB is not an easy goal. A 

realistic approach to TB elimination has 

to rely on the development of innovative 

diagnoses tools, treatment, and 

preventive tools. Presently, the 

development of new drugs for the 

treatment of TB does not keep pace with 

the development of M. Tuberculosis 

drug-resistance. Innovative interventions 

are needed to combat the emerging 

pandemics of MDR-TB, the drugs are 

required to shorten treatment duration, 

affordability, efficacy, and tolerability of 

treatment. 
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