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ABSTRACT 

Prions are pathogenic molecules which cause prion proteins, found abundantly in the 

brain, to fold improperly. In the following review, I will discuss the source of prions and 

the fundamental biochemical pathways which cause the prion proteins to misfold. I will 

also elucidate the factors that determine which form of disease the prions differentiate 

into.  Prion diseases include Creutzfeldt-Jakob Disease, Bovine Spongiform 

Encephalopathy, and Fatal Familial Insomnia.  This discussion will also analyze various 

benchmarks in brain atrophy and symptoms by which the progression can be 

judged.  The survival rate of prion diseases is zero percent, and current treatments only 

temporarily hinder the afflictions.  Finding a pharmacologic or immunotherapeutic 

solution to prion replication would drastically increase quality of life for infected patients. 

 

KEYWORDS: Prion disease, treatment, postmortem tonsil biopsy, pathogenic, bovine 

spongiform encephalopathy 

  

INTRODUCTION 

The prion protein (PrP), an abundant protein in the brains of animals and humans, resides 

in the body as a benign molecule whose purpose is thought to be a nerve protector.1 

Prion proteins, however, can become distorted (PrPSc) and have disastrous effects on 

the body.2 Prions are infectious pathogens that cause normal prion proteins to misfold 

and thereby incite neurodegeneration.1-2 This neurodegeneration is difficult to combat 

because it manifests itself in diseases that are highly dissimilar to viruses and bacteria.1 

Among these prion diseases are Creutzfeldt-Jakob disease, Kuru, and bovine spongiform 

encephalopathy (commonly known as Mad Cow Disease).2 These diseases, some of 

which are zoonotic, all cause atrophy of the brain that leads to death.1-2 
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Although they are not particularly common, prion diseases are a crucial subject to 

science because they represent the deadliest set of diseases on the planet, with a 100 

percent fatality rate.2 A cure to these diseases would prevent further psychological 

damage and drastically increase survival rate among infected patients. However, little 

knowledge exists on the purpose of prion proteins; more research is required to 

determine why they exist and what they do.  This review will discuss the primary cause 

of prion diseases, disease symptoms and progression, and treatments and current 

research. 

  

CAUSE OF PRION  

Infectious prion proteins stem from abnormal isoforms of the normal prion protein found 

in the brains of animals and humans.1 Biochemically, prions cause a point mutation in the 

genes of PrP which prevents them from folding properly—these infected proteins cannot 

be broken down and accumulate in the brain.2 The point mutation was found via 

comparing the sequences of healthy and infected prion proteins.3 It is unknown how 

exactly prions cause the point mutation, but the substituted nucleotide on the C-terminal 

end prevents proper folding.4-5  A study conducted on mice in 2016 found the exact 

nucleotides affected in PrP genes, along with where prions concentrate in the brain.3 

Mice were infected with prions and the disease phenotype was associated with a 

particular region of the gene.3  It was found that the codon 129 genotype distinguished 

between Creutzfeldt Jakob Disease (valine substitution) and Fatal Familial Insomnia 

(methionine substitution).3 The study also indicated that misfolded prion proteins 

disrupt the activities of essential ion channels in the brain—a primary cause of death.3 

The voltage-gated calcium channels within plasma membranes were blocked, leading to 

inhibited neurotransmission and muscle control.3 All prion diseases are caused by the 

same PrP, but the codon 129 genotype and secretory transport interference dictate the 

disease subtype and symptom severity. 

Another important concept is distinguishing between causes of different prion disease 

strains.  All types of prion diseases can be either genetic or spontaneous, both similar in 

that they require the codon 129 mutation.4 A study investigated the cerebrospinal fluid 

(CSF) of postmortem subjects to determine whether CSF characteristics could predict 

disease subtype.6 In sporadic CJD, patients exhibited higher protein accumulation and 

rate of health decline.6 In genetic forms, however, the PrP conversion was not as strong 

or rapid.6  In other words, sporadic prion diseases demonstrated much faster symptom 

progression than genetic (hereditary) prion diseases. 
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DISEASES 

Infectious prion proteins stem from abnormal isoforms of the normal prion protein found 

in the brains of animals and humans.1 Biochemically, prions cause a point mutation in the 

genes of PrP which prevents them from folding properly—these infected proteins cannot 

be broken down and accumulate in the brain.2 The point mutation was found via 

comparing the sequences of healthy and infected prion proteins.3 It is unknown how 

exactly prions cause the point mutation, but the substituted nucleotide on the C-terminal 

end prevents proper folding.4-5  A study conducted on mice in 2016 found the exact 

nucleotides affected in PrP genes, along with where prions concentrate in the brain.3 

Mice were infected with prions and the disease phenotype was associated with a 

particular region of the gene.3  It was found that the codon 129 genotype distinguished 

between Creutzfeldt Jakob Disease (valine substitution) and Fatal Familial Insomnia 

(methionine substitution).3 The study also indicated that misfolded prion proteins 

disrupt the activities of essential ion channels in the brain—a primary cause of death.3 

The voltage-gated calcium channels within plasma membranes were blocked, leading to 

inhibited neurotransmission and muscle control.3 All prion diseases are caused by the 

same PrP, but the codon 129 genotype and secretory transport interference dictate the 

disease subtype and symptom severity. 

Another important concept is distinguishing between causes of different prion disease 

strains.  All types of prion diseases can be either genetic or spontaneous, both similar in 

that they require the codon 129 mutation.4 A study investigated the cerebrospinal fluid 

(CSF) of postmortem subjects to determine whether CSF characteristics could predict 

disease subtype.6 In sporadic CJD, patients exhibited higher protein accumulation and 

rate of health decline.6 In genetic forms, however, the PrP conversion was not as strong 

or rapid.6  In other words, sporadic prion diseases demonstrated much faster symptom 

progression than genetic (hereditary) prion diseases. 

  

SYMPTOMS AND PROGRESSION OF PRION DISEASES 

Prion diseases are heterogenous and neurodegenerative, leading to brain atrophy over 

time.2  CJD, bovine spongiform encephalopathy, and Kuru all lead to physical afflictions 

initially such as muscle stiffness, difficulty walking, and speech problems (Figure 1).1-2 In 

later stages, mental integrity unravels as the patient experiences rapidly developing 

dementia, hallucinations, and confusion (Figure 1).1 While FFI is denoted by severe 

sleeping disorders and autonomic system dysfunction, dementia and motor 

abnormalities are more evident of CJD.3 To date, no studies have been done to compare 
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the onset of symptoms in spontaneous versus inherited disorders. Behavioral changes 

were found to be present in about 80% of all prion disease cases within 100 days of 

symptom onset.7  Furthermore, prion disease types differ in symptoms according to 

atrophy of particular cerebral regions.1  Researchers conducted a longitudinal voxel-

based morphology study to determine whether the degenerative regions corresponded 

to a specific clinical assessment.8 Patients’ ability to feed themselves and problem-

solving skills decreased with the degeneration of particular brain regions, as indicated by 

a prion disease rating scale and neurological exam.8 In addition, there was significant 

volume loss in the thalamus and basal ganglia, medulla and pons, hippocampal 

formation, and the superior parietal lobules (in that order). 

Progression of prion diseases sometimes takes years to manifest in affected 

patients.  One study analyzed the relationship between PrPC (the host-encoded PrP) and 

PrPSc (misfolded prion protein).9 Using mice it was ascertained that PrPC levels are 

lowered with a host response, leading to decreased PrPSc.9 This means that prion 

disease progression varies widely depending upon host response. This progression, in 

some cases, could last for up to a decade.  Early on in the manifestation of prion diseases, 

a period was found where the patient was asymptomatic.10 In 2017, an experiment 

involving mice identified the asymptomatic phase of prion diseases.10 The mRNA in 

infected cerebral mouse cells was sequenced and compared with RNA in normal cerebral 

mouse cells.10 A gene called Cst7 was expressed in staggering levels in the asymptomatic 

infected mice compared to the control group mice.10 Cst7 coded for Cystatin-F, a cysteine 

inhibitor that assists in immune regulation.10 This means that Cst7 is a viable biomarker 

for detecting prion diseases in recently infected patients. 

A prominent issue has been identifying prion diseases early in the disease 

progression.  An experiment for detecting variants of CJD early on in its manifestation 

was tested on necropsy patient tonsils.11 This study took 8 tonsil biopsy samples and 

compared the PrP they contained with CJD-infected PrP, and the samples matched.11  If 

this method were to be applied to live patients, prion diseases could be discovered long 

before the degenerative symptoms occurred and therefore improve quality of life. 

  

TREATMENTS AND CURRENT RESEARCH ON PRION DISEASES 

Prion diseases are the only diseases to exhibit a fatality rate of 100 percent, and there is 

no cure for them.1 On average, all forms of prion diseases are lethal within about a year 

of the onset of symptoms.1 Although there are no known cures for prion diseases, 

scientists are researching methods of stalling their progression and combatting the 



 

7 
 

prions themselves.  A study used quinacrine and chlorpromazine to determine the prion-

resistant properties of these pharmaceuticals, which are normally used as antimalarial 

and antipsychotic drugs.12 The experiment used effective concentrations (EC50) of 0.3 

micromolar to 3 micromolar of these derivatives in infected PrP cells.12 The experiment 

showed that tricyclic compounds containing an aliphatic side chain as a whole can inhibit 

prion formation, which makes quinacrine and chlorpromazine viable candidates for prion 

disease patients. 

Researchers are exploring immunotherapeutic techniques that might inhibit prion 

formation altogether.  A study examined an antibody immunotherapeutic solution to 

prion diseases.13 Human prion proteins were injected into mice that were intolerant to 

PrPC, inciting anti-PrP antibody development.13 The PrPSc levels decreased, despite 

high initial PrPSc concentrations.13 Ultimately, mice which underwent continued 

antibody treatment lived over 300 days longer than mice who went untreated.13 These 

results signify that antibodies could be used to obstruct disease progression in human 

prion disease patients, regardless of the disease stage.  Another potential antidote was 

identified genetically in 2015 in a Papua New Guinea population.14 The G127V PrP 

mutation (featuring an amino acid substitution) was tested in mice against the most 

common prion disease strains.14 On the gene containing G127V, a methionine was 

located at codon 129.14 It was completely resistant to Kuru and some forms of 

Creutzfeldt-Jakob disease, but still succumbed to a few CJD strains.14 A method of 

harnessing this prion-resistant PrP form would render people invulnerable to specific 

prion diseases. 

In addition to drugs and immunotherapeutic techniques, natural prion inhibitors are also 

being explored.  Recombinant prion proteins (rPrP), expressed in bacteria, were tested 

in vitro for their effect on prion propagation.15 The prion replication was inhibited, as 

infected PrP concentrations only marginally increased with the addition of rPrP (roughly 

50 nanomolar).15 The study used only bovine spongiform encephalopathy as a subject, 

but further studies could show efficacy for other disease types. 

  

CONCLUSION 

Prion proteins are proteins that are commonly found in healthy conformations in the 

brains of animals and humans.  Prions are infectious molecules that cause PrP to misfold 

and obstruct essential ion channels in the brain, leading to prion diseases.1, 6 The most 

common forms of these diseases are Creutzfeldt Jakob Disease, bovine spongiform 

encephalopathy, and fatal familial insomnia.  Although prion disease symptoms such as 
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muscle stiffness seem harmless initially, they quickly progress into sever dementia and 

blindness within just a few months.1-2 Currently, there are only experimental methods of 

prolonging the lifespan of infected patients.1  Present research on quinacrine and 

chlorpromazine along with anti-PrP antibodies demonstrates auspicious results.12-13 

These drugs effectively stalled the progression of the disease even if they did not cure it, 

which is promising for future studies in humans.  Further research with these 

experiments could yield an antibody that prevents prion formation and replication 

entirely, eliminating the disease permanently after it has infiltrated the bloodstream. 

  

Physical Symptoms  

 

Figure 1.  Physical and Psychological Symptom Progression of Prion Diseases.  A flow 

chart of the order and length of typical symptoms is shown over a period of six months.  

The physical symptoms, listed above the timeline, begin first with muscle stiffness and 

difficulty walking.1 The psychological symptoms, listed below the timeline, start with 

hallucinations and confusion.1-2  Symptom severity increases with time and typically ends 

with a coma.1 
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ABSTRACT 

Celiac disease is an autoimmune disease that causes damage to the small intestine as a 

result of ingesting gluten. Approximately 1% of the U.S population has it, but individuals 

have a higher chance of getting the disease if they have the DQ2 gene or certain health 

problems. The ingestion of gluten or being on a gluten free diet can also cause additional 

health problems in the individual because they do not get enough vitamins and nutrients. 

Since a gluten free diet is not always effective, other treatments options are currently 

being researched including immunotherapy and modified wheat. This review will focus 

on genetic and health susceptibility factors in order to diagnose individuals sooner and 

to find more effective treatments. The implication of this new data can increase the 

quality of life in those affected by the disease.   

 

KEYWORDS: celiac disease, DQ2 gene, gluten, health issues, immune response  

 

INTRODUCTION 

Celiac disease (CD) is an autoimmune disease characterized by an immune response to 

gluten in the small intestine.(1) CD is prevalent in 0.5-1% of the population.(1) It is 

associated with an individual’s genetic makeup(1) and specific health problems they may 

have.(2) Certain individuals are more likely to develop celiac disease due to genetic 

variation in the major histocompatibility complex (MHC) region.(3) However, this known 

genetic influence is not enough to explain disease development.(3-5) Individuals with 

celiac disease have an increased risk of reproductive abnormalities, impaired bone 

health, cardiovascular and autoimmune diseases, and lymphoproliferative disorders 

even if they follow a strict gluten free diet (GFD), the only known effective treatment for 

CD.(2)  
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Gluten is a protein found in wheat, barely, and rye which are most often found in bread, 

pasta, baked goods and certain alcohols such as beer. In addition, it can be found in 

toothpastes, lip balms, hair and skin products, medicines, and supplements.  Therefore, 

following a GFD can be challenging, but it allows recovery of the small intestine, 

specifically the villi, which absorbs nutrients. Because of this recovery, a GFD also helps 

lessen the severity of health problems present at diagnoses. This review will focus on the 

genetic influence on the disease, health issues related to both the disease and its 

treatment, and current research on alternative treatment methods.  

 

GENETIC INFLUENCE 

Celiac disease is a genetically susceptible disease. There are several known genes and 

gene combinations that increase an individual’s likelihood of getting the disease. The 

human leukocyte antigen (HLA) complex, a version of the major histocompatibility 

complex (MHC), is a group of proteins that help the immune system differentiate 

between the body’s proteins and foreign proteins.(6) The MHC class II genes are HLA-

DPA1, HLA-DPB1, HLA-DQA1, HLA-DQB1, HLA-DRA, and HLA-DRB1.(6) Thus far the 

HLA-DQA1 and HLA-DQB1 genes have been found to have the strongest effect within 

the MHC region on the development of the disease.(3) Individuals with CD have a 95% 

probability of having a DQA1 gene and a 98% probability of having a DQB1 gene(4). 

These account for about 23% of the heritability risk.(3)  

Each MHC class II gene can have different allele variations and each variation is given a 

specific number.(6) The variants HLA-DQA1*05:01 or HLA-DQA1*05:05 bind to HLA-

DQB1*02:01 or HLA-DQB1*02:02 to form HLA-DQ2, and the variants HLA-DQA1*03:01 

or HLA-DQA1*03:02 bind to HLA-DQB1*03:02 to form HLA-DQ8.(6) Individuals with CD 

have a 93% probability of having a DQ2 gene.(4) In addition, individuals with the HLA 

molecule DQ2.5, an isoform of DQ2, are at a high risk of getting CD(7) and those who are 

homozygous for the haplotype DQ2 are diagnosed at a younger age.(8) Five independent 

variants in the MHC region (not in the HLA-DQ genes) and 57 independent single-

nucleotide polymorphism (SNPs) outside the MHC region are associated with celiac 

disease risk.(3)  

Specifically, the SNP’s rs11100722 and rs4956400 from the interleukin (IL)- 15 gene were 

found to be associated to CD.(9) There is also a connection between the IL15RA 

genotype and if an individual is diagnosed as a child or an adult.(9) Not only do genes 

play a role in the susceptibility of an individual to CD, they also play a role in when the 
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individuals will get the disease. Thus, understanding the genetic background of the 

disease can allow for an earlier diagnosis.   

 

HEALTH ISSUES 

All CD Individuals 

Since gluten exposure in CD damages the villi in their small intestine, they do not always 

get the amount of nutrients they need. Because of this, these individuals compared to 

the general population have an increase in mortality rate with malignancies, vascular 

disease and respiratory disease being the most common cause of death.(10, 11) This 

difference in mortality rate lessens as time from CD diagnosis increases.(10) In addition, 

individuals with CD are generally at a higher risk of getting any lymphoproliferative 

disease and small-intestinal lymphomas.(12) Furthermore, they are at an increased risk 

of myocardial infection, angina pectoris, and stroke even though they do not have the 

typical cardiovascular risk factors.(13) Since they do not have these typical risk factors 

the diagnosis and treatment of these other health problems may prove to be more 

difficult to determine and thus more damage to the body will happen.  

 

Presence vs Absence of Gastrointestinal Symptoms  

Individuals with CD are typically placed into two groups: those with gastrointestinal 

symptoms or those without gastrointestinal symptoms. It is important to study both 

groups as there is a delay in diagnosis between them. Individuals without gastrointestinal 

symptoms have a delay of 42 months from their first doctors visit to their diagnosis from 

biopsy compared to those who have the symptoms who usually have a delay of 2.3 

months.(14) Individuals with thyroid abnormalities, other autoimmune diseases, 

anemia, bone mineral density loss and lower ferritin and cholesterol levels have a higher 

chance of having undiagnosed celiac disease and should be screened for the disease.(14, 

15) These are not symptoms of CD, but they can be associated with the disease. Thus, a 

simple blood analysis for antibodies and/or genetic factors may give an early diagnosis. 

The prolonged exposure to gluten before diagnosis will cause more damage to the body 

than if they had been diagnosed sooner. Thus, individuals who do not have the typical 

gastrointestinal symptoms are more likely to have anemia (69.4% compared to 21.2%), 

low bone mineral density (68% compared to 41%) and abnormal thyroid-stimulating 

hormone (43.2% compared to 15.5%) with hypothyroidism being more common than 

hyperthyroidism.(14) 
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Gluten Free Diet 

A gluten free diet is the only current treatment for CD, yet 30% of affected individuals 

still have symptoms(16) which can be limiting to the person’s life. A study done in Italy 

on 13-18 year old’s found 30.8% avoided restaurants most or all of the time and 7.9% 

avoided traveling most or all of the time.(17) Either gluten free foods and items need to 

be more prominent and accessible so people do not feel limited or an alternative 

treatment must be created that allowed CD individuals to consume gluten without 

harming themselves. 92.1% brought gluten-free food while traveling(17) because gluten 

free food can be hard to find in some locations. Having this unnecessary stress of where 

and what they can eat and feelings of isolation from missing out can be harmful to the 

individual. In fact, a GFD may cause mental or emotional problems in addition to physical 

problems. A study found that all CD individuals with mucosal healing had a higher risk of 

getting anxiety compared to CD individuals with continuous villous atrophy, and CD 

women with mucosal healing had a higher risk of getting depression compared to CD 

women who had continuous villous atrophy.(18) Their small intestine and therefore 

digestion was improving but avoiding the items with gluten and their vigilance to the 

GFD was mentally harmful.  

 

ALTERNATIVE TREATMENTS 

While a gluten free diet is the only current treatment for celiac disease, it is not always 

the most effective. Certain situations can make it hard for an individual to have access to 

gluten free food, certain foods labeled gluten free may be contaminated,(19) and 

individuals who do not get enough nutrients and minerals from their GFD are at a higher 

risk of health problems.(2) Because of this, many studies are investigating alternative 

treatments. A peptide-based, epitope-specific immunotherapy called Nexvax2 was used 

in a phase 1 study that investigated the effect of varying starting dosages and maximum 

dosages on villus recovery.(20) A starting dose of 3 μg and a maintenance dose of 300 μg 

had the least amount of drug related adverse events with only 20% of those events being 

graded at least moderate to severe(20) (Table 1). This drug is supposed to increase an 

individual’s tolerance of gluten which will eventually allow them to consume gluten again 

without the damage it originally caused. Therefore, it will also lessen health issues 

associated with CD providing better quality of life to affected individuals. Participants 

were separated into two cohorts which may explain differences in effectiveness: cohort 
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1 were those who are homozygous for HLA-DQ2.5 and cohort 2 were those who are non-

homozygous.(20) 

Studying the immune system, specifically the characteristics that the body is having an 

immune response, is important in celiac disease treatments because it proves whether 

the treatment is effective. For instance, the presence of the antibodies anti-

transglutaminase (anti-tTG) and endomysium (EMA) after ingesting gluten means the 

body is having an immune response.  A study found individuals getting microbial 

transglutaminase (mTG) -modified wheat flour are less likely to have positive serum anti-

tTG and EMA antibodies results and less likely to have intestinal villous atrophy because 

there is less or no immune response to gluten.(21) Individuals ingesting the unmodified 

flour had more severe bloating, nausea and abdominal pain and swelling.(21) Therefore, 

the modified flour seems safer than the unmodified, but approximately 25% of the 

individuals consuming modified flour still had disease activity following the trial(21) 

(Table 1). Larger and longer studies with more palatable food should be done to get a 

better understanding on the affect mTG modified wheat flour has on CD individuals.(21) 

Another study is investigating the affect oligofructose-enriched inulin, a type of prebiotic 

referred to as Synergy 1, on intestinal microbiota in children with CD.(22) There were 

only a few episodes of side effects where were fairly equal between the treatment and 

placebo groups.(22) The kids getting Synergy 1 had normal stools more often than the 

children getting the placebo (Table 1) and one child even had alleviation of CD symptoms 

that were present before the trial while taking Synergy 1.(22) 

 

CONCLUSION 

Celiac disease affects 0.5%-1% of the global population putting them at risk for other 

health issues and the only treatment is to avoid the consumption of gluten.(1) This 

treatment is not the most effective as it may be hard for individuals to follow this in 

certain situations, they may ingest contaminated food, they may continue to have 

symptoms, or they may feel isolated.(16, 17, 19) In addition, not everyone has the same 

symptoms,(14) so some people continue eating gluten even though it is damaging their 

intestine. It is important to study this disease because misdiagnoses, no diagnoses, or 

the lack of other treatments can increase chances of certain health problems and 

mortality. In addition, understanding the influence of specific genes on the disease can 

help find better treatments and allow for earlier diagnosis.(9) Additionally, broader 

studies should be done to find specific immunotherapy drugs that improve gluten 

tolerance without causing any adverse events for all individuals with celiac disease. An 

improved tolerance would allow individuals with CD to have more freedom in where and 
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what they eat and where they travel which would improve the affected individual’s 

quality of life. 

 

Table 1: The side effects and effectiveness of potential treatments for celiac disease  
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ABSTRACT 

The influenza virus has plagued humans for centuries. Recently antiviral medications, 

which shorten the duration of the flu, have been introduced into society. These 

medications along with vaccinations, which try to give the body immunity before the 

virus strikes, help to stop the flu before it attacks the host. The virus, however, 

replicates using host cells and can slightly change itself with each replication, which 

over time could lead to a strain immune to the current antiviral medication and 

vaccines. However, using more preventative measures could help slow the changing 

strains of the flu virus. Using vaccines to stop the virus at the host before it mutates and 

using antiviral medication before the flu starts replicating inside patients are both 

examples of preventative measures. In the future, research must be focused on creating 

vaccines to limit the need for antiviral medication to slow the evolution process of the 

influenza virus overall.  

 

KEYWORDS: Influenza, Virus, Vaccine, Antiviral, Evolution 

 

INTRODUCTION 

Viruses are tiny pathogenic agents that can infect organisms. Though not living 

themselves, a virus can use living cells’ nuclei and cytoplasm in order to replicate itself 

and change its genetic structure.1 This creates viral proteins that become resistant to 

medicines used to fight them. Thus, to fight this resistance, different drugs are needed 

to fight the virus. However, this plan of attack allows the virus to build up an immunity 

to the specific drugs used. This means many viruses have the potential to become 

deadlier as humans run out of medicines that the virus is not resistant to.  

One such virus is influenza. Influenza, or the flu, is a dangerous virus that can cause 

symptoms ranging from mild cough and fever to death depending on the person and 
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severity of the strain. Influenza emerges from other animals, making the problem not 

only a human one but also a veterinary one.2 This causes influenza to have many forms 

due to the sheer number of hosts, ranging from humans to birds to pigs. Due to a large 

number of hosts influenza can spread not only from person to person but also animal to 

person. This rapid spreading will cause about 250,000 deaths every year around the 

world, and thus about 16 out of 100 people who contract this virus will die (see figure 

1).3  

Antiviral medication can be used on patients who contract the flu. For example, 

Oseltamivir, or Tamiflu is an antiviral used to control the flu by stopping surface 

proteins which stops the replication process of influenza.3 However, after the 2007-

2008 outbreak of influenza, an antiviral-resistant strain was discovered.3 This means as 

influenza continues to plague humankind, the flu may become much more life-

threatening. This review will analyze the medication available for influenza as well as its 

evolution. The review will then look at prevention and future measures that could be 

taken to ensure influenza will remain a treatable disease. 

 

INFLUENZA 

Influenza is a common disease in the world. This virus strikes usually in colder, more 

humid climates. In a study of the months where the flu was most prominent, the 

occurrences of influenza in the Southern Hemisphere were most common in the colder 

months.4 Even though the flu could strike throughout the year, it often strikes in the 

wetter months. Using Australia as an example of different climates, influenza depends 

on a seasonal approach with very few cases outside the season.5 However, in tropical 

regions with a more constant climate, the flu is more present throughout the year.5 This 

is due to the always constant humidity in the environment. Additionally, influenza’s 

persistence can be related to weather patterns. In a study in Cote d’Ivoire in Africa, 

there is a correlation between a few weeks before a rainstorm or high levels of humidity 

and an increase in the influenza virus in humans.6 The flu spikes right before a lot of 

moisture either due to precipitation or humidity. Thus, it would be reasonable to 

assume that snow in colder months also correlates with the flu season.  

Once a person catches the flu there is little to be done until the virus runs its course. 

Having another chronic disease or being pregnant increases the likelihood of getting 

the virus.7 More vulnerable people, such as pregnant women and the elderly, catch the 

flu more often than young adults. The reasoning for these certain subgroups of people 
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getting the flu more often than the average human is due to their immune system 

already being somewhat weakened due to age or carrying a baby. 

 

ANTIVIRAL MEDICATION 

Antiviral medications can be administered to shorten the duration of the flu, which 

could help save lives. According to models of flu outbreaks, antiviral medicines that 

work most effectively in the beginning stages of the virus infection, before replication 

has begun to occur.8 Using antivirals after replication is still effective, but there is a 

greater chance of a mutant strain appearing that happens to be resistant to the 

medication the person is currently taking. This scenario will make the virus much harder 

for the body to fight off in the long run.8 Overall, antiviral medication is a good start to 

fighting influenza but could cause mutations to begin in the virus itself. Usually, the 

best way to fight the virus is by using a few different antiviral drugs together. This 

technique is called combination therapy. Combination therapy seems to be one of the 

best methods in using antiviral medication to prevent evolution in a drug-resistant 

strain.9 Overall, all antiviral medication will help unless a strain of influenza is resistant 

against a certain one, which is why combination therapy is the most popular method 

for combatting influenza. For example, in treating mice infected with influenza no 

matter when the antiviral drug was administered, all of the drugs helped if given early 

in the infection period.10 However, as the infection went on the medication’s 

effectiveness tapered off.10 For example, when giving oseltamivir within 2 hours after 

the infection took place, 60% of the mice survived, while after 24 hours the antiviral 

medication did very little to prevent death in mice.10 Antiviral medications are helpful in 

the short-term, yet must be taken in a short window of time when the infection begins 

in order to ensure their effectiveness. This limited use of antiviral medication is the 

reason why a future direction should be taken in another way. 

 

EVOLUTION OF THE FLU 

Viruses experience a form of evolution. This evolution comes from the replication 

process they undergo, which causes changes in the strain. Usually, from year to year 

viruses change minimally on a genetic level. For example, one study analyzed the flu 

seasons between 2007-2008 and 2008-2009 and there was not a significant 

difference.11 However, the flu strain present in the 2008-2009 season caused more 

deaths.11 Even though a change in the genetic structure between the strains was very 

minute, the strain in the 2008-2009 seasons had more complications in the public than 
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the earlier year. This minor difference shows that even a small evolution can cause a 

much deadlier strain in influenza. This evolution also leads to certain antiviral-resistant 

strains. There is 4 types of influenza, A, B, C, and D respectively.12 A and B are the 

seasonal outbreaks and what this review is focused on while C is a mild form of the flu 

and D only affects cattle.12 In influenza A, subtypes are formed based on two surface 

proteins nicknamed H and N.12 This leads to the naming of certain flu types like H1N1. 

In Japan, H1N1 influenza strains in the 2010-2011 season showed genetic differences 

but were closely related to the next season’s H1N1.13 However, almost all were resistant 

to an antiviral drug.13 These seasons show a drug-resistant future for influenza. If this 

resistance continues more vulnerable people such as children, elderly, and pregnant 

women will contract more lethal strains of influenza resulting in more death worldwide.  

 

VACCINES 

The main defense in today’s world against the flu is vaccines. Vaccines are usually 

effective against influenza during seasonal outbreaks. In Thailand, of the 200 children in 

2013-2014 flu season and 290 children in 2014-2015 season only about 4% received a 

vaccine leading to about 50% of the children falling ill with flu.14 Vaccines reduce the 

need for treatment, however, they have to selectively target certain strains that might 

change.15 If the present strain is not covered by the vaccine, then more infections could 

occur.15 In Spain, for example, the vaccines used in 2010 and in 2016 both worked well 

for their flu season.16 However, the other seasons in that time frame were affected by 

the H3N2 strain of influenza, which was not covered by the vaccine given that year.16 

Vaccines need to cover a wider set of strains in order to account for the variability of the 

virus. However, scientists have discovered that vaccines might not be a one size fits all 

type of deal. Depending on the age, gender, and any previous illnesses some different 

prevention methods such as intranasal might be better for the person in question.17 

However, this does not change the fact that the immune system will do better if some 

form of the virus, whether dead or weakened, has previously been introduced to the 

body. This makes vaccine the go-to way to prevent influenza infections because some 

prevention is better than no prevention. 

 

PREVENTION/FUTURE MEASURES 

No matter the direction that will be taken with influenza prevention, the flu will 

continue to evolve and change to be harder to prevent due to the nature of the virus. 

Transfer can occur between animal hosts and human hosts.18 This transfer allows the 
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virus to change in animal hosts to become deadly when it moves to human hosts. 

However, this fact could help stop influenza in an earlier stage in its animal host than in 

its human host. For example, in the swine industry a watch program called USDA IAV-S 

has been founded that could watch for strains of influenza in pigs that could be 

transferable to humans.19 Vaccines are created and given to the pigs in order to avoid 

the influenza virus from killing the animals and spreading to human hosts.19 This could 

further prevent changing strains as the influenza virus due to the prevention of that 

virus in the host animal. Thus, stopping the virus in the animal could stop the virus from 

ever spreading to humans. 

Another method for stronger prevention of the flu would be creating a vaccine that 

could fight against all strains of the virus. A universal vaccine for influenza is in the 

works by targeting NP, a common viral protein in influenza A, but the dose must be 

further tested for human use since it has only been tested on mice.20 These tests were 

relatively successful in providing protection from a few lethal strains from past 

outbreaks in infected mice.20 With the creation of a vaccine that could provide 

protection from any strains, vaccines will stop falling short on some seasons by not 

providing any immunity to the host during that current flu season. This would stop 

seasons that have high amounts of infections due to a faulty vaccine made for the 

wrong strain of influenza.  

 

CONCLUSION 

Influenza is one of the deadliest pathogens. It has caused numerous outbreaks and 

deaths annually. Its lethal nature comes from its ability to replicate and change itself 

within its host. This means the flu often comes with resistance to specific antiviral 

medications. This puts prevention via vaccinations against influenza at step one. Future 

research should be focused on creating a universal vaccine. By having a universal 

vaccine, the flu could be a lot less dangerous since the unpredictable nature of the virus 

could be factored out. This universal vaccine could be achieved by focusing on host 

animals such as pigs to prevent the spread to human hosts. Overall, the influenza virus 

should be a concern to the science community due to its highly versatile nature that will 

continue to plague humans each flu season. 
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Figure 1. Lethality of the Influenza Virus. Out of all the people who catch the flu 16 

out of 100 people will die.3 This information was found due to annual collection of data 

from WHO (World Health Organization). Complications from influenza usually arise 

from respiratory issues in more vulnerable types of people. Image altered from 

http://www.iconarray.com/. 
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ABSTRACT 

Acid Mine Drainage is water that has a low pH and filled with heavy metals. Acid Mine 

Drainage (AMD) is created by groundwater that travels through mines and then rejoins 

the watershed, polluting it. AMD is an urgent environmental issue in mining regions as it 

makes the affected water uninhabitable, devastating the ecosystem. Current cleanup 

systems use inexpensive limestone beds to remove the metals and neutralize the 

pH.  New research is developing to create more efficient treatment systems using new 

resources such as further developed passive systems and the incorporation of living 

organisms like algae or microbes and food waste. Further development of these new 

techniques on a larger scale is the next step to solving this environmental issue. 

 

KEYWORDS: Acid Mine Drainage, limestone, algae, nanofiltration, pH neutralization 

  

INTRODUCTION 

Acid mine drainage (AMD) is currently one of the biggest negative environmental 

impacts local watersheds face. Worldwide, thousands of kilometers of rivers and streams 

are affected by this issue, making this a widespread problem.1 AMD occurs when ground 

water runs through a mine, oxidizes the metals located in the mine (most commonly iron) 

and leads to a lowered pH.2 This water continues to run, leading to a larger scale of 

contamination throughout the watershed.2 AMD makes it nearly impossible for life to 

survive because the life is adapted for neutral conditions. The metal contaminated water 

with low pH is toxic to wildlife, devastating the ecological food chain.2 These toxic metals 

affect organisms at the cellular level and cause failures of basic functions like cell 

division.3 For example, mussels in AMD affected areas exhibited 100% early mortality 

rates, much higher than mussels in unaffected water.4 When one species is eliminated 

from an environment, all of the life depending on that species will also suffer. The region 

with AMD affected waters will also suffer economically because of the damaged wildlife 
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and infrastructure from the acidic water. Overall, it would be environmentally and 

economically beneficial to implement these solutions to affected watersheds. 

Currently, private organizations are implementing cleanup systems in affected areas, 

such as limestone beds. Limestone beds are increasingly being improved upon. Also, new 

techniques are being developed using sources of remediation including microbes, algae, 

food waste, and nanofiltration. These methods help neutralize acidic pH and removed 

common metals like iron and zinc. The new techniques discussed below are geared 

towards remediation of the pollution. 

  

CURRENT CLEANUP TECHNIQUE: LIMESTONE 

Currently, limestone neutralization is the most economical method to treat AMD.5 

Typically, limestone will be incorporated into a passive system where the water flows 

through using gravity.6 One study found when the polluted water was run through their 

limestone drain (a type of limestone neutralization), it increased the water’s pH from 3.5 

to 6.2 in a time period of 3 hours.7 The removal of iron was more successful than expected 

but armoring of the limestone throughout the process lowered the efficiency of the 

system.7 Armoring is the buildup of metals on the surface of the limestone, preventing 

the limestone from being fully effective.7 There is another limestone method that is 

avoiding the armoring process by creating pulsed limestone bed reactors where flow 

could be controlled on a timer.5 Before installing the pulsed beds, the researchers found 

it takes 48 hours for regular limestone to become armored and therefore, less effective.5 

One study in Korea found, within 5-10 years, the non-pulsing limestone bed was less 

effective at raising the pH and would need to be replaced or altered to increase 

efficiency.8 All basic limestone techniques are successful at removing iron from the water 

and achieving a more neutral pH.8,6,7 

Recently, along with limestone systems, there are systems being developed that 

combined the limestone with barium carbonate to further decrease concentrations of 

harmful excesses of sulfate in the water, which is sometimes neglected with regular 

limestone passive systems.9 Barium worked well to control sulfate levels but it is not cost 

effective.9 To compensate, researchers completed a bench scale where it was combined 

with limestone and wood shavings.9 This new treatment was found to be successful at 

raising pH and removing metals within drinking standards except for barium which can 

be solved by changing the concentration of the barium carbonate in future experiments.9 

This is an example of a successful combination system. Many other techniques, like this 
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one, have been combining to successfully cleanup all aspects of AMD because this 

environmental impact is so complex. 

  

NEW MICROBIAL RESEARCH 

New microbial studies are currently coming out with different AMD control methods. 

One suggests microbes as a new bioremediation source.10  This small-scale experiment 

used sulfate reducing bacteria(SRB) and iron reducing bacteria (IRB) along with different 

nutrients and metals to discover the microbial relationships involved with AMD 

formation.10  Under the right conditions, the bacteria was able to effectively reduce the 

AMD.10 As also seen in table 1, this microbe technique was able to remove iron and 

sulfates from the water as well as bring the pH up to 7.10 Further research with these 

bacteria on a larger scale is the next step to the research since the most recent studies 

have only been bench scale. Microbes combined with algae to form a more complex 

treatment system will be discussed in the next section.11 

  

BIOREMEDIATION OF AMD USING ALGAE 

Along with their strong ecosystem indicator ability, algae has been found to be efficient 

at the removal of metals from AMD polluted waters.1,12 Different strains of algae are 

attracted to different heavy metals that become stored in the algae vacuoles.12 An 

effective system would include the strains that best deal with specific metals present in 

that region of AMD.12 Algae also makes a good candidate for pH stabilization of AMD 

because of its alkalinity.12 Algae are also being looked at for their electron donor 

characteristics.3 Lipid-extracted algae and whole cell algae were tested as electron 

donors and proved their ability to reduce sulfate ions in the AMD water.3  They were also 

effective at the removal of Cu2+.3 Researchers are using this same electron donor 

technique with microalgae-bacteria combination to achieve the same effect.13 In an 

experiment to determine the sulfate removal success using a RAB (revolving algal 

biofilm)  reactor, researchers found sulfate levels that are too high are toxic to certain 

strains of algae.11 This RAB reactor, which utilized bacteria and algae combined, was 

successful at removing sulfur, sulfate, ammonia, and phosphorus.11 For future research, 

algae strains need to be studied and placed in various types of systems to determine 

which methods and environmental conditions are most conducive for heavy metal 

removal and pH neutralization. Because algae are living organisms, conditions must be 

perfectly set for the algae to thrive in a waste removal system. 
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NEW RESEARCH WITH FOOD WASTE AND BY-PRODUCTS 

Many recent studies have also been looking into the use of chicken eggshells as a solution 

because of their heavy metal removal and alkaline abilities.14 One experiment used 

eggshell residue and paired it with an alkaline material such as cement or limestone while 

also alternating the materials, it was found to reduce acidification of AMD tailings.15 

Specific tailings, the waste produced from the mine, each need their own metal analysis 

because some worked better with more sodium hydroxide neutralization while others 

work best with calcium hydroxide neutralization.15 Eggshells when ground into a powder 

have also been successful.16 Once finding the most efficient particle size to make the 

powder, it was added to the AMD and found successful in full removal of iron and 

aluminum from the water but only partially successful at removing Mn.16 The authors 

have stated this eggshell powder would work best in a passive sediment pond system for 

further research.16 Eggshell powder can be used in watersheds mostly affected by iron, 

copper, zinc, and aluminum while it has not shown success with removing sulfate.16, 14 

From this conclusion, it is possible for a watershed affected by the previous metals 

mentioned and sulfate to effectively be treated in a combined treatment system 

including eggshell powder and another method proven to remove sulfate. 

  

NANOFILTRATION 

Nanofiltration is one of the latest techniques being developed where water is pumped 

from the source through a filtration membrane.17 Nanofiltration membranes are able to 

pull out specific ions from the water and separate them.17  One bench scale study 

compared two NF membranes, the NF270 and the 7pHT, and their ability to filter AMD 

water.17 Another study compared the NF270 model with the NF90 model.18  NF270 was 

more successful because it had a lower resistance rate for AMD to filter through and its 

greater permeability made it better at capturing metals in the water.18  After use, the 

membranes had a 99% recovery rate which would allow a long term, continuous use of 

this system.18  These studies did not discuss the effect on pH levels but more studies in 

the future can be conducted to determine pH changes during the nanofiltration process. 

Because there are many more models being produced like the NF270, NF90, and 7pHT, 

studies can also be conducted to test the efficiency of more models on a larger scale and 

how they compare to one another. 

  



 

32 
 

CONCLUSION 

While AMD continues to be a threat to the environment, bringing attention to this issue 

can help continue research and bring real solutions to this subject. Many new research 

techniques are being developed using a wide variety of methods such as the use of 

organic materials like eggshells, algae, and microbes, and nanofiltration techniques. 

These techniques are compared in Table 1. AMD is a unique problem for each watershed 

affected so each mine will need individualized attention for a treatment plan. Mines that 

are secreting more iron and sulfate may work best with microbes, algae, or nanofiltration 

treatment and less with limestone. A watershed affected by aluminum will work best 

with limestone techniques. All methods besides nanofiltration appear to have adequate 

pH neutralization capabilities. Because these methods each target different heavy 

metals, some of these methods may be combined to eliminate all metal and acidic pH 

issues in a specific watershed. Each affected region needs close study to determine which 

methods are most useful for solving the specific problems apparent in that watershed. If 

these methods continue to be studied and modified on a larger scale and combined to 

solve the complex problems this issue poses, an efficient solution will be reached to stop 

the pollution of watersheds 
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ABSTRACT 

The influenza virus has plagued humans for centuries. Recently antiviral medications, 

which shorten the duration of the flu, have been introduced into society. These 

medications along with vaccinations, which try to give the body immunity before the 

virus strikes, help to stop the flu before it attacks the host. The virus, however, replicates 

using host cells and can slightly change itself with each replication, which over time could 

lead to a strain immune to the current antiviral medication and vaccines. However, using 

more preventative measures could help slow the changing strains of the flu virus. Using 

vaccines to stop the virus at the host before it mutates and using antiviral medication 

before the flu starts replicating inside patients are both examples of preventative 

measures. In the future, research must be focused on creating vaccines to limit the need 

for antiviral medication to slow the evolution process of the influenza virus overall.  

 

KEYWORDS: phage, phage therapy, antibiotics, drug resistant bacteria, isolation 

method 

  

INTRODUCTION 

In an age where medicine has evolved so quickly, the diseases that plague us have been 

forced to adapt, growing stronger as we took our advancements for granted. This has led 

disease-causing bacteria to adapt to modern medicine, creating superbugs that are 

resistant to most antibiotics. It is estimated that if left unchecked, superbugs could cause 

around 10 million deaths per year by 2050.1 However, while the bacteria have evolved to 

fight off medicine, they have been chased by another group of microscopic killers. 

Bacteriophages, better known as phages, are microscopic viruses that target and attack 

bacterial cells. Phages are found everywhere that bacteria live and are highly specific, 

meaning a species of phage tends to attack only one specific bacterial strain or species.2 
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Due to the unprecedented growth of drug resistant bacteria, humans have turned to 

other methods in hopes of fighting these superbugs, and an option being investigated is 

phage therapy. Phage therapy is a medical process in which bacteriophages are 

administered to a patient in order to attack bacteria and rid the body of infection.3 Since 

it is a relatively new field, there has not been enough research done to introduce the 

concept on a wide scale. However, enough work has been done to provide detailed 

isolation and selection methods for specific phages as well as demonstrate high success 

rates in trials run on drug resistant bacteria. This research could lead to phage therapy 

becoming a viable treatment alternative in medicine. 

  

ISOLATION AND SELECTION METHODS 

Phages act differently than antibiotics because while antibiotics tend to be broad and 

can attack both harmful and helpful bacteria, phages specifically target a certain 

bacterial species or strain, which makes them highly specific. This specificity is one of the 

main driving factors as to why phage therapy is successful. Before administration of the 

phage therapy to patients, however, the necessary phages must be gathered and tested 

to guarantee that the correct phages were retrieved to fight a certain strain of bacteria. 

As such, those involved in the development of treatment search areas where phages are 

believed to reside. Since phages lack a uniform distribution, they are often found near 

hospitals, sewage, and natural sources like cow and sheep feces or river and lake water 

due to the large quantity of bacteria living in those areas as well.2, 4-7 After collection, the 

samples go through sterilization by filtering and incubating, as is demonstrated using 

phage 1513, one example out of millions of phages.2, 4-5, 7-8 Researchers centrifuge the 

sample containing phage 1513 to remove unnecessary particles, add  and bacteria to the 

remaining liquid, and incubate the mixture.4 Following this, one of five procedures are 

done to confirm phage presence: the plate (double layer) method, enrichment method, 

spot method, electron microscopy method, or the colorimetric method; however the 

most commonly used procedure is the plate method.2, 5-8 The plate method is done to 

test which phage is present in the sample by placing the liquid sample on a plate of agar 

containing bacteria, preferably an infectious strain, and allowing plaques to form, thus 

showing which phages attacked the bacteria.2, 4, 9 As an added measure if the plate 

method fails, the colorimetric method is based on the tendency of bacteria to reduce a 

molecule called tetrazolium to formazan, which produces a dark red color as the process 

is carried out.2 The colorimetric test functions by having the phages destroy the bacteria, 

preventing the reduction and demonstrating a lack of color, showing what phages are 

present and active depending on which bacteria was killed and stopped producing color.2 
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Nonetheless, any of the other tests can be done to confirm the results of the plate 

method.6 The isolation process is shown in Figure 1. 

Once isolation of the specific phage has been completed through one of the five 

previously mentioned tests, the selection method can take place. This process allows for 

the genome, as well as other characteristics, of the phage to be determined, functioning 

as an identification of the isolated phage. An example of this is shown with phage 1513, 

where growth of the phage during isolation testing shows that the phage grows and 

works best at a neutral pH and low temperatures up to normal body temperature, 

displaying some characteristics found during selection.4 An important factor to 

determine selection of a phage is whether a phage is lytic, meaning that the phage must 

be able to break open the infected bacterial cell to kill it.2, 10 Therefore, the genome of 

such phages must be sequenced if this characteristic, and many other preferred ones are 

found to have a function in phage therapy.2 Researchers must also be certain the newly 

sequenced phage is different or unique enough from previously catalogued phages to 

avoid having lacking effects on chosen bacteria, as similarities between the phages may 

negatively impact treatment.9 Some other possible characteristics that researchers 

search for include affinity to certain bacteria, whether a phage can cause the bacterial 

cells to activate uncontrolled apoptosis or cell death when certain conditions are met to 

make the bacteria kill itself, or how well a phage can lyse bacterial cell walls.2, 8-11 During 

this stage of selection, the genome of the phage can also be modified to better fit the 

objectives of the researchers.12 For example, the genome of an isolated phage can be 

modified to manipulate the genome of the target bacteria by inserting genes that make 

the cells more vulnerable to antibiotics.12 However, this process would serve better as a 

preemptive measure to make the bacteria more susceptible to antibiotics prior to 

infecting a human.12 Even so, it is possible that it could serve as a way to allow better 

synergy between phage cocktails and antibiotics during treatment. 

  

PHAGE THERAPY CASE STUDIES 

Animal-Based Case Studies 

Once the phages are isolated and selected, they are stored until needed to treat specific 

infections. While the treatment is still experimental, tests have been run on both animals 

such as mice, rats, and moth larvae, as well as trials on humans with advanced infections 

and no other remedies with high success rates and promising results.4, 11, 13-15 Tests run on 

mice infected with lethal multidrug resistant K. pneumoniae were given single phage 

doses of phage 1513, which was selected to treat K. pneumoniae, intranasally.4 Following 
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phage therapy, the survival rate went from 0% all the way up to 80% depending on the 

dose given.4 The therapy was also shown to improve tissue damage and reduce the 

effects of infection such as weight loss.4 An upgrade from single phage doses was 

researched through tests on rats with P. aeruginosa, which introduced the use of phage 

cocktails.14 The cocktails used various phages to widen the range of bacteria that could 

be targeted, as well as introduced the possibility of synergizing phage therapy with 

antibiotic treatment to counteract the mutations of bacteria developing phage 

resistance.1, 14 A cocktail of 12 phages were isolated to fight 33 strains of P. aeruginosa, 

killing off all but 2 phage resistant strains.14 However, the phage resistant strains were 

far less infectious than the other strains, and they were treated by the antibiotics that 

were administered alongside the phage cocktail.14 

  

Human-Based Case Studies 

Due to a lack of overall awareness and FDA approval, phage therapy is currently seen as 

an experimental last resort in medicine. As such, human trials are usually done on 

patients that have severe late stage infections where no other form of viable treatment 

has helped improve their condition. In the selected human trials, both patients had 

contracted serious drug resistant infections, as one had developed necrotic sores and 

septicaemia from P. aeruginosa and the other had a worsening pancreatitis condition 

caused by A. baumannii that led to a coma.13, 15 Both patients were administered phage 

cocktails specifically made to treat their infection, which improved their conditions 

drastically through repeated administration of treatment.13, 15 The patient with the P. 

aeruginosa infection had an immediate change in his blood cultures, as they returned 

negative results when tested for presence of bacteria, kidney function had returned, and 

the heavy fever had dissipated.13 The patient with the A. baumannii infection was able to 

successfully wake up from his coma and his condition gradually improved over the course 

of treatment administration.15 A separate in vitro trial took samples from diabetic 

patients that had developed septic wounds and analyzed the pus from the wounds for 

signs of bacterial infections, finding drug resistant strains of P. aeruginosa, K. 

pneumoniae, S. aureus, and E. coli.6 The necessary phages were isolated and applied to 

the infected samples, which were then observed to lower bacterial population density 

between the first 4 to 14 hours of incubation.6 However, after the 14 hours, researchers 

noticed that the bacterial populations began to increase once more, which they 

attributed to either growth of phage resistant bacteria or the inactivation of the phages.6 

Although phage therapy is a viable alternative that has high success rates in both human 

and animal trials, there is still a risk of the targeted bacteria mutating to develop 
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resistance to the phages that attack them as demonstrated previously. Various tests on 

both animals and humans have shown that phage therapy can lead to mutant bacteria 

developing resistance to the phages, which can be fatal if left untreated.1 Even so, the 

development of phage resistance in bacteria does not come without drawbacks. The 

development of phage resistance causes bacteria to lose virulence and resistance to 

antibiotics, which can greatly benefit patients as the bacteria cannot infect as well as 

they could previously.1 This development of phage inactivation and phage resistance, as 

well as the costs of developing phage resistance, should lead to more tests that examine 

the administration of antibiotics alongside the phage therapy to maximize potential 

treatment in the case of a repeat scenario like what happened in this study. 

         

CONCLUSION 

Phage therapy, while still experimental and lacking some research, has proven to be 

extremely effective when treating bacterial infections that were resistant to antibiotics.2-

4, 9, 11, 13-15 In vitro and in vivo trials have shown excellent results, especially when 

combined to make phage cocktails rather than single phage doses.2-3, 11, 13, 15 Treatment 

can be further improved when combining phage cocktails with antibiotics to target any 

remaining bacteria that mutated phage resistance.14 Phage therapy, if given the funding 

and attention needed for more research into collection, testing, and effects on humans 

and safety, could easily become a perfect alternative for treating bacterial infections that 

have become resistant to multiple types of antibiotics. 
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Figure 1: General process of gathering and isolating phages before selection for 

phage therapy. Phages are gathered in samples from sources containing bacteria such 

as natural water sources, sewage, or near hospitals.2, 4-7 The samples are then filtered and 
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incubated to remove unwanted particles and bacteria, then the phages are isolated using 

one or more of the listed methods before selection.2-11, 13-15 The listed tests allow for 

researchers to isolate phages that target their selected superbug or bacterial strain by 

testing which phages attack the bacteria, such as forming plaques during the plate 

method.2-11, 13-15 
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ABSTRACT 

Radiation is the biggest roadblock for NASA in sending astronauts to Mars and to explore 

other parts of the solar system. The moon is close enough to Earth that radiation was not 

a significant factor in the short-term Apollo missions, but any future missions that stray 

further from Earth or for longer periods of time will require new radiation shielding 

techniques. This review explains the different types of radiation that will affect 

astronauts, the current mitigation techniques, and the new research being done on 

radiation shielding. More work is needed to find a lightweight, durable material to 

protect astronauts as they explore increasingly distant parts of the solar system. 

 

KEYWORDS: Radiation, space, Mars, boron-nitride nanotubes (BNNTs), galactic cosmic 

radiation (GCR) 

 

INTRODUCTION 

Some of the harmful effects of radiation are well known. Chronic radiation exposure is 

linked to genetic mutations and other medical issues that lead to severe illness and even 

death 1. Because of this threat, radiation poses a massive risk to astronauts in deep space 

exploration. Without the Earth’s atmosphere and magnetic effects, humans have 

nothing protecting them from the constant radiation from the Sun and from other parts 

of the universe 2. A trip to Mars, to anywhere in the solar system, or even a long-term trip 

to the moon could prove deadly without employing radiation shielding techniques 3. 

Humans have already ventured into space without effective methods of radiation 

shielding, including trips to the moon, but these successful results are not guaranteed to 

be repeated. During the Apollo missions in the 1960s, the astronauts did not experience 

significant increases in radiation because the time spent beyond Earth’s protection was 

so short, and no unusual space events took place4. But as we move towards longer-
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duration manned space travel, the risk to astronauts’ skyrockets. This is a pressing issue 

that must be solved by 2026, when NASA plans to send the first crews to space as part of 

the mission to Mars.   

The enormous risk of radiation poisoning is currently one of the main limiting factors in 

NASA’s planning for the Orion mission to Mars, where astronauts will live and work on 

the Martian surface in the Ice Home2. The Ice Home is the permanent crew quarters and 

laboratory planned to be deployed on the Martian surface. The current techniques used 

to protect from radiation will not work for deep space travel, because they are designed 

for use within the Earth’s protective magnetic shield. This review will discuss the different 

types of radiation that pose a risk to astronauts during a trip to Mars, the current 

techniques proposed for use in the Orion capsule and the Martian Ice Home to mitigate 

the effects of radiation, and the research being done on radiation shielding techniques 

to allow for long-duration human spaceflight.  

  

RADIATION TYPES 

UV radiation is one type of radiation from the sun that will affect astronauts on a long-

term trip anywhere in space. On a trip to Mars, astronauts will be constantly exposed to 

the radiation from the sun, both while in flight to Mars and while on the Martian surface. 

The Earth has a geomagnetic shield that combines with the atmosphere to protect 

people on the surface from harmful radiation. Charged particles that constitute types of 

radiation like UV radiation are deflected by the geomagnetic shield or absorbed in the 

atmosphere 5. Since the Earth’s geomagnetic shield extends past the Earth to cover 

objects in Low Earth Orbit (LEO), this was not a problem for the Apollo missions or for 

astronauts on the ISS 4. However, it does not extend far enough to protect astronauts on 

the trip from Earth to Mars. During the trip to Mars, astronauts will instead have to rely 

on the materials that make up the Orion capsule to provide a suitable level of radiation 

protection. Mars has a much weaker atmosphere and magnetic field, meaning that more 

harmful radiation gets through to the surface 9. Astronauts will need a level of radiation 

protection on the Martian surface that would not be necessary on Earth’s surface. 

A second type of radiation called Galactic Cosmic Radiation, or GCR, is a significant issue 

for astronauts as well. GCRs are a type of radiation that comes from somewhere deep in 

space and is constantly all around, but the actual sources of GCRs are unknown. GCRs 

make it through to the surface of the Earth, but the magnetic shield and the atmosphere 

create enough of a barrier that by the time it reaches the surface, the GCR becomes 

secondary radiation and is much less harmful, as is shown in Figure 16. As secondary 
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radiation is an effect of the Earth’s dense atmosphere, this type of radiation poses a 

serious problem for astronauts beyond the Earth’s protection. Research has not been 

done directly on what effects GCRs have on humans because humans have not traveled 

into deep space, but some studies approach the topic by simulating the parts of GCRs 

that are known. A 2018 study performed at the NASA Space Radiation Laboratory 

showed that exposure to GCRs increases the likelihood of lung cancer 10. This was done 

by simulating parts of GCR rays and using them to irradiate human lung cells, then 

comparing the cancer rate of the irradiated cells with that of cells not exposed to the 

simulated GCRs 10. More research is needed to establish the effects of GCRs on other 

parts of the human body, but even with research only on the lungs, it is clear that GCR 

shielding is of the utmost importance if astronauts are to survive their missions beyond 

Earth. 

GCRs have also created serious problems for electronic devices in deep space, as they 

tend to have much more immediate and serious effects on electronics than UV radiation 

7. Electronic devices in orbit need radiation shielding just like humans do, because any 

radiation or external magnetic field can render them inoperable, much like a cell phone 

deactivating a hotel room key 11. For example, high levels of this type of radiation have 

been shown to create subatomic gaps in electronic devices like computer chips that leave 

the computer chips unable to function 12. GCR levels would only reach such a height if 

there were an astronomical event that creates GCRs that hit our solar system during the 

flight. This is unlikely but impossible to predict, since we do not know how GCRs are 

created 6. This means that the electronics will slowly deteriorate over time with slow 

exposure to GCRs, with the potential for a sudden and total malfunction at any given 

time. GCRs are expected to be a significant problem for humans in deep space travel 

beyond Earth’s geomagnetic protection, both in terms of human health and in terms of 

computer malfunction. Both factors would clearly prove fatal to the mission in a 

programmed space launch vehicle. Shielding techniques are needed to protect 

astronauts from this type of radiation. 

  

CURRENT MITIGATION TECHNIQUES 

Water-based shielding is an effective but inefficient method for blocking all types of 

radiation. This technique involves simply surrounding an object with water, since water 

blocks radiation in the same way that lead blocks X-rays. About 2 meters of water on 

each side is needed to reduce radiation exposure by 50%, and increasing that amount to 

3 meters reduces radiation exposure by 75% (with an increase in uncertainty)13. NASA has 

determined that safe levels of radiation for the expected mission duration are within the 
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50-75% range, making this an effective method of protecting astronauts on the Martian 

surface 2. However, water production on Mars occurs by extracting water from the 

Martian surface at a rate of about 0.25 m3 per day 2. While water shielding would 

absolutely reduce radiation exposure on the Martian surface to an acceptable amount, 

getting 3 meters of water to surround the Ice Home is not the most practical solution. 

Water is too heavy to carry in such large quantities on the Orion capsule to Mars, so it 

cannot be used as the only shielding technique for the trip to the Martian surface 8. 

Because of the slow production rate, it would take too long to get enough water in the 

Ice Home to use that as the sole shielding technique on the Martian surface as well. 

NASA’s current approach to dealing with excess radiation on the surface of Mars is to 

place the Ice Home in the location on Mars with the lowest radiation amounts in the 

general area. There are certain locations on Mars that would work for a human habitat 

based on landing requirements, water accessibility, dust storms, and a wide range of 

other factors 2. NASA is looking in these certain areas for the location with the lowest 

radiation levels. The Curiosity Rover on Mars gathered radiation information for several 

locations, taking into account different factors such as the Martian weather at the time 

of gathering the data 3. That way, factors like dust storms that could temporarily lower 

the radiation levels in a certain spot wouldn’t throw off the measurements. From this 

data, a radiation map of the Martian surface was created with detailed information on 

the radiation levels, including even the differences in radiation levels at different times 

during the Martian day, or sol 8. This will be used to select the ideal deployment spot for 

the Ice Home to have the lowest possible radiation risk to astronauts from the start, 

before including any shielding techniques 2. Combining this technique with water 

shielding, the risk to astronauts can be reduced but not eliminated. 

  

ADVANCES IN RESEARCH 

A major breakthrough in radiation shielding came in the form of synthetic 

nanomaterials. Traditional materials like metals can shield radiation, but each pound of 

a payload costs about $10,000 to just get into orbit, without even taking into account the 

cost for the rest of the trip to Mars 5. The increase in cost associated with sending extra 

metal material to Mars far outweighs the benefits of the shielding effects. Less massive 

materials like plastics work for very short-term shielding, but GCRs tend to break down 

plastics very quickly and the shielding effect would not last the length of the trip to Mars9. 

Synthetic materials that are lightweight like plastics but have the tenacity of traditional 

metal and the load-bearing capacity needed to support spaceflight are vital to human 

space exploration. One promising synthetic material is boron-nitride nanotubes, or 
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BNNTs. BNNTs are equally as effective at shielding yet significantly less massive than 

traditional metals due to their nanoscale 14. BNNTs can be integrated into traditionally 

lightweight spacecraft materials without a high mass tradeoff. However, these materials 

are historically not cheap or easy to make. New breakthroughs in 3D-printing plastics 

with BNNTs embedded in them show promise in using BNNTs for construction of space 

launch vehicles 15. More research is needed to verify the structural integrity of 3D-printed 

BNNTs, since the load requirements are so extreme for spaceflight. However, this is a 

promising advance in a field that has been stagnant for some time. 

  

CONCLUSION 

There is a lot of work left to do to protect astronauts throughout their missions before 

reaching NASA’s 2026 launch date. Radiation is a huge risk to astronauts, especially as 

they travel beyond the International Space Station and lose the natural protection of 

Earth’s geomagnetic sphere. For any long-duration manned space mission, a complete 

overhaul of the current radiation shielding techniques are needed in order to keep 

astronauts safe in space. Current techniques like using water to block radiation is 

impractical on a longer mission, since the amount of water needed to effectively block 

radiation would be too heavy for a long flight 13. The materials used to protect against 

GCR for space travel today will be exposed to more radiation than they can handle and 

will break down, rendering them ineffective by the time astronauts return to Earth 15. 

More research is needed to determine the safety of recent advances in BNNTs, and to 

identify other possible shielding techniques 14. New materials are needed for radiation 

shielding to allow astronauts to safely venture into the solar system. 
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Figure 1 Secondary radiation formation from GCRs in Earth’s atmosphere. When a 

galactic cosmic ray (GCR) reaches Earth’s atmosphere, there is an extremely high 

probability that the GCR will collide with another particle long before it reaches the 

surface and become secondary radiation 5. This is because the atmosphere is dense, so 

there are many chances for collisions. The secondary radiation that is formed has lower 

energy than the initial GCR 7. This makes it less likely to penetrate human skin and cause 

damage to DNA 1. The colors of the arrows above represent different frequencies, which 

is proportional to energy. This shows that the GCR has a different initial energy than the 

secondary radiation it creates, and that the secondary radiation created does not 

necessarily have an equal distribution of energy in the new particles. One particle can 

have higher energy than another while both being secondary radiation from the same 

GCR, but all of the particles have lower energy than the GCR and therefore are less of a 

threat to human health. Secondary radiation is different from UV radiation, which does 

not have enough energy to tear apart atmospheric particles on collision. 
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ABSTRACT 

Unfortunately, childhood maltreatment and trauma are prevalent in society.  As 

awareness grows, so does the research on the long-term effects early exposure to 

traumatic events has on the developing person.  Socioeconomic hardships, 

psychopathologies, and cognitive deficiencies correlate with early childhood adverse 

experiences. This review will compare normal neurological activity and development to 

that of children who have experienced childhood trauma.  It will also further explore 

various factors such as the level of trauma, the onset of exposure, duration or recurrence 

of trauma experienced.  Finally, this review will examine the effects that manifest 

themselves in adulthood to further understand the detrimental effects of early childhood 

trauma.  Future research is needed to further understand developmental deficiencies 

and to explore outside influences on the effects seen from early trauma. There are very 

little extensive studies on the developmental effects because it is very hard to study 

children consistently, let alone find children who are undergoing adverse experiences 

and then observe them systematically. 

 

KEYWORDS: adverse childhood experiences, trauma, development, stress response 

system, mental health 

  

INTRODUCTION 

There is a growing interest in researching the developmental and psychological 

consequences behind early childhood trauma. Some psychopathological symptoms in 

adulthood, such as depression and anxiety, have been traced back to traumatic 

experiences in childhood.1,10  Despite the latest research on correlation between 
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childhood traumatic experiences and the consequences in adulthood, few studies have 

analyzed the biological changes that occur in the developing brain of the young child who 

has experienced traumatic events.  For the purpose of this review, childhood trauma is 

defined as any exposure, either witnessing or directly involved, to death, serious injury 

due to violence, sexual violence, or the threat of any of those mentioned.  Most research 

studies use ACE scores, or adverse childhood experience scores, which are retrospective 

questionnaires about the various trauma experienced during early childhood. 

An important factor when studying the effects of trauma is the biological stress response 

system.  Stress response systems throughout biological pathways are triggered when 

there is a prolonged exposure to traumatic experiences.2 Normal biological development 

is hindered when the body is continually exposed to stressful, traumatic 

situations.  Usually, traumatic experiences are accompanied by such overwhelming 

feelings of hopelessness and terror that the children cannot cope with what they are 

exposed to.3  Stress is defined as some kind of threat to the body’s normal physiological 

state, or homeostasis.4   When trauma is experienced, either once or repeatedly, the 

body’s stress response system becomes activated from the exposure.2  The activation of 

the stress systems in the body, specifically the hypothalamic-pituitary-adrenal axis, leads 

to hyperactivity and hypersecretion of corticotropin-releasing hormone, CRH.5  CRH is 

responsible for mediating the stress response and is part of a chemical chain reaction 

when stress is detected.2  In normal biological development, cortisol becomes activated 

to bring the body back down to homeostasis once a certain level of stress occurs.2 

However, in those with an early onset of traumatic experiences, constant activation or 

extreme activation of the stress system leads to a lowering of the threshold for a 

response to stress.6  A lower threshold for a biological stress response means not much 

is needed for the body to start producing chemicals that send the body into a fight or 

flight response.  When children are in an environment with continuous stressors from 

trauma, they are unable to develop proper stress responses and respond in inadequate 

ways.  In a study of 44 adults who experienced an early childhood trauma, anxiety ratings 

were much higher than the ratings of a control group. 6 These findings support that those 

exposed to an early childhood trauma have a much lower threshold for stress and have 

lower levels of cortisol secreted needed to calm the body back down.  The biological 

changes that occur after a childhood trauma lead to a chain reaction of outcomes 

throughout a person’s life.  Studying these stress systems has led to progress about what 

happens on the neurodevelopmental level when the brain endures continued exposure 

to traumatic conditions.  This review will examine research done on the neurological 

development of children who have not been exposed to maltreatment and compare it to 



 

53 
 

preliminary findings of biological deviations seen from adverse childhood experiences.  It 

will then further examine the long-term effects and correlations between trauma and 

school performance, health problems, and lifestyle later in life. 

  

BIOLOGICAL EFFECTS OF ADVERSE CHILDHOOD EXPERIENCES 

Regarding physical brain changes, there are significant differences between brains 

exposed to early trauma and those that were not.  Children who have experienced abuse 

show a much smaller cerebellum and cerebrum.2  A study of 43 maltreated children 

found developmental alterations to the superior temporal gyrus, or the STG.7  The right 

portion had developed much more than the left and there was an overall increase in the 

amount of gray matter that covers the surface of the brain.7  A possible reason for this 

elevated volume of gray matter could be adaptive development from childhood 

trauma.  In a study of 77 healthy children ages 2-6, functional magnetic resonance 

imaging was used to determine levels of signal intensity, connectivity, and physical 

maturation of the developing brain.8 Over the course of the study, the children returned 

every 6 months for more scans which showed that as the children developed and grew, 

intensity and connectivity of signaling throughout the brain became stronger.8  The 

increase in these signals and their increased interconnectedness are linked to possible 

cognitive skills like memory, facial recognition, and certain auditory cognizance.7  Those 

who suffer from early traumatic experiences have interpersonal triggers, such as a 

specific facial expression or tone of voice.7  This shows that the development of cognitive 

skills becomes altered upon early exposure to stress and trauma.  The increase of gray 

matter found in this study could be due to hypersensitivity to a conditioned stimuli from 

the trauma or the underdevelopment of other brain areas that were stunted as a result 

of experienced trauma.7  Overall, alterations to the necessary functional and structural 

growths in the developing brain can cause neurodevelopmental disorders.2  These 

alterations are brought about mainly from adverse experiences formed from various 

factors, all affecting the extent of the detrimental alterations, which will be explored in 

the following section. 

  

FACTORS AFFECTING TRAUMA LEVEL 

Duration of Trauma 

The duration for which the trauma is endured plays a large role in the resulting level of 

trauma, neurological development, and psychological outcomes.  A study involving 3,754 
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adolescents separated traumatic experiences based on the developmental period.9 The 

relationship between the developmental period in which trauma was experienced and 

psychopathology later seen in the adolescents was analyzed. The longer the multiple 

traumatic experiences occurred, the greater the risk of severity and likelihood for 

developing internalized and externalized symptoms of psychopathologic problems.9 The 

outcomes based on the timing of the onset of the traumatic experiences also varied.  If 

the traumatic experiences continue from early childhood into adolescence, then there is 

a much higher risk of PTSD.9 Since the trauma was repeated over many years, it is 

possible that very specific triggers are developed and send victims’ bodies into hyper 

activation of their stress response system.  If the trauma is solely from early childhood, 

then internal and external symptoms of pathology are experienced later in life, rather 

than the development of PTSD.9 The possible psychopathological outcomes become 

more severe as the duration of trauma lengthens.  If the trauma is experienced only once, 

specific triggers do not have the time to develop, which is a possible explanation as to 

why more general internal and external symptoms are seen, such as anxiety, depression, 

or aggressiveness. It starts to become slightly more complicated should different types 

of trauma be experienced simultaneously. 

  

Polyvictimization 

While duration plays a large role, there is the also high possibility of experiencing more 

than one kind of trauma at the same time.  Those who experience multiple traumatic 

experiences are sometimes referred to as polyvictims.9  A common finding among 

several studies was that most childhood traumas co-occur with other traumas.3,10 A study 

was conducted to determine the prevalence of adverse childhood experiences using ACE 

test scores of children in the welfare system.10  ACE test scores are adverse childhood 

experiences tests which ask questions about how many traumatic experiences a person 

has experienced.  90.4% of the children studied experienced more than one traumatic 

event.10 Furthermore, those in areas of larger poverty are at higher risk of having high 

ACE scores.1,3,10  The studies go on to show what they call a “double whammy,” or dual 

exposure to two different types of trauma, produces a stronger negative outcome than 

if the child(ren) were exposed to only one.3  Since the prevalence of polyvictimization is 

extremely common and the chances of it are high, children who experience any adverse 

experience are susceptible to developing psychopathologic complications due to an 

automatic increase in the risk of polyvictimization. 
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Severity Level of Trauma 

The severity of the trauma experienced, which is very closely tied to polyvictimization 

and duration, has a substantial influence on the effects seen in children.  The level of 

trauma that the child is exposed to corresponds to the internalization or externalization 

of symptomology in psychopathologic disorders.3  According to one study, children who 

experience emotional trauma, either by itself or in addition to other maltreatments, later 

display internalizing symptoms, like depression, anxiety, or PTSD.3  Children with more 

exposure to physical trauma display externalizing symptoms, which are conduct related 

behaviors.3  This type of symptom can be seen, for example, in school aged children 

through various abnormal behaviors in comparison to non-traumatized peers. 

As mentioned previously, the severity level of the trauma endured seems to have overlap 

with the other two factors mentioned.  The longer the traumatic exposure, the worse the 

outcome; the more multifaceted the childhood trauma is, the more severe the outcome 

as well.  It can be presumed then, that both previous factors converge and overlap into 

the severity of the trauma.  For instance, should a traumatic experience happen only 

once, then there is no chance for the child to form a habitual unhealthy 

response.  However, should it occur intermittently throughout childhood the child has an 

exponentially higher risk of developing detrimental habitual responses to the 

trauma.  Likewise, should the child experience multiple traumas, such as neglect and 

physical abuse, the severity of the traumatic experience rises.  Trauma starts to become 

both mental and physical.  Unfortunately, the severity of trauma can only really build; 

there is no way to lessen the severity of a child’s trauma. Any level of severity of trauma 

leads to the formation of some effect seen later in the child’s life. The effects manifest 

themselves early in the child’s life, continuing through adulthood and amplifying the 

need for therapeutic intervention. 

  

EFFECTS SEEN LATER IN LIFE 

Cognitive and School Performance Problems 

One of the earliest signs of childhood adverse experiences is seen once they start going 

to school.  Developmental deficiencies resulting from childhood trauma have been found 

to negatively impact school performance and cognition.  In a study of 30 children 

between the ages of 5 and 12, there were reports of lower education levels, a higher 

number of subsyndromal symptoms, which are symptoms that are not severe enough to 

warrant a diagnosis, lower cognitive performances, and lower attention spans.11 In an 

additional study, those maltreated before kindergarten had lower grades, more absent 
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days from school, higher aggression, and much higher psychological and behavioral 

problems in high school.12  On average, kids in school who have experienced some sort 

of trauma before they are of school age, perform lower and have a higher number of 

problems than those of the same grade level who have not experienced any childhood 

trauma.  The traumatic experiences associated with a lower income level are separation 

of the parents, living with someone who has been in prison, and exposure to domestic 

violence.13 These cognitive, social, psychological, and behavioral problems can be traced 

back to the skewed neurological development resulting from early adverse experiences. 

  

Physical and Mental Health Problems 

As school performance may decrease, another long-term effect frequently observed is a 

general decrease in physical and mental health.  Most studies use retrospective ACE test 

scores and current physical and mental health status of participants. From retrospective 

ACE scores, a direct pathway can be made from adverse childhood experiences to the 

mental health seen in adulthood.13 A study utilizing a survey of 29,229 adults who had an 

average age of 48 years, found significant ties between ACE and current health 

problems.14  The higher the ACE scores, or the more traumas experienced, the higher the 

risk for tobacco use, obesity, and binge-drinking.14 Early childhood trauma commonly 

results in psychopathologic disorders as well.  The chance of showcasing symptoms of a 

mental disorder statistically increase in those who have endured childhood 

trauma.13  Anxiety and depression are the most observed mental issues seen in adults 

with childhood trauma, and it is more frequent in abused girls than in boys.12  As seen in 

Figure 1, those diagnosed with depression, bipolar disorder, and schizophrenia have a 

higher likelihood of having some sort of early childhood trauma.15,16  Most likely, 

childhood trauma increases susceptibility to mental disorders later in life. The stress 

management system was not developed properly, so there is no way for abused 

children’s bodies to be able to properly respond to stressful situations later experienced. 

  

Lifestyle 

Experiences in school as well as the developing mental health lead to the lifestyle of any 

person. Following the chain reaction set off by childhood traumatic experiences, the 

lifestyle of a maltreated person in childhood can be greatly affected by the long-term 

effects.  As previously mentioned, higher ACE scores have led to worse academic success 

and school conduct, both of which are preludes to a disadvantage in the economic 

success achieved in adulthood.13   Studies have shown that those with 2 or more reported 
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ACE’s, in comparison with those with no ACE’s, have a lower income.13  Childhood 

trauma and abuse is more prevalent in areas with a high poverty rate, and due to the 

lower education level attained, persons with traumatic childhoods have more difficulty 

earning a substantial living and have a lower socioeconomic status.  Furthermore, ACE 

scores also have an association with marital status.  One study concluded that those who 

experienced having a family member in prison or separation of their parents, have more 

likelihood to either not marry or divorce their partners.13  Another aspect in relation to 

the parents is extensive literature on the strong co-occurrence of child abuse and 

parental domestic violence.3 Aforementioned, ACE scores have a correlation to marital 

status, and it’s possible they can be related to the relationships sought out by those with 

previous maltreatment in their childhood. It is suspected that it becomes a vicious 

cycle.  A child is maltreated, then grows up and may not do anything about maltreatment 

by their partner, has a child with him or her and unfortunately, their child starts to have 

similar experiences to the abused parent. 

  

CONCLUSION 

Continued research on the developmental effects of childhood trauma is imperative to 

further understand the malleability of the neurodevelopmental process. During early 

childhood, important biological maturation and growth occur.  Signaling connections 

throughout the brain and their intensities are tied to crucial cognitive abilities such as 

memory, facial recognition, and auditory understanding.  It is the disruption of this 

maturation and development that lead to evident consequences seen in adulthood of 

those that have experienced maltreatment in their childhood. The outcomes observed 

later in life are affected by polyvictimization, the severity, and duration of the trauma 

endured. These consequences include various psychological problems, school education 

level obtained, health issues, and socioeconomic hardships.  The more that is 

researched, the more that can be learned about how to properly help those inflicted with 

difficulties.  Future research should focus more on how outside influences can counteract 

the effects of adverse childhood experiences.  For example, how educating teachers on 

trauma and triggers, having a support system in the community, and implementing 

treatment options at different stages in survivors’ lives would benefit trauma victims. 
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Figure 1. Prevalence of Five Different Childhood Traumas in Two Samples of Adults 

Diagnosed with Depression, Bipolar Disorder, and Schizophrenia.  The first study, 

“Study 1,” had 679 individuals (N=679).15  229 of the individuals were diagnosed with 

depression, 102 individuals were diagnosed with bipolar disorder, and 216 individuals 

were diagnosed with schizophrenia.15 The second study, “Study 2,” had 129 individuals 

(N=129).16  60 of participants were diagnosed with depression, 17 were diagnosed with 

bipolar disorder, and 28 were diagnosed with schizophrenia.16 
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DNA Testing: Do or Don’t? 

By Maeve Godshalk    D.U.Quark 2019. Volume 3(2) pgs. 61-63 

Published January 17, 2019       Staff Piece 

 

The holiday season is finally coming to an end, and I’m sure many of you have seen 

numerous ads and commercials, promoting products that would make great gifts for 

your friends and family. One of the most asked-for gifts this year? According to the 

Chicago Tribune, consumers asked for *drum roll please*: DNA kits. Now Americans can 

finally feel like they have all the answers to their identity in this melting pot of a country, 

with the help of one box and a saliva sample. But do they, really? 

I consider myself a scientifically-minded person, so of course I’m interested in finding out 

where my ancestors were from and what conditions I could be genetically predisposed 

to, but I also understand the risks it involves. The two most popular producers of DNA 

kits are 23andMe and AncestryDNA. The latter of the two claims to be the best of the 

best, so let’s put on our lab coat and goggles and delve into its methods.  

In an AncestryDNA kit, you’ll receive directions to activate your kit, by going online to 

their website and plugging in your 15-digit code found on your own personal collection 

tube. The collection tube is where you will gather and send in your saliva sample, 

ensuring that you did not eat, drink, or smoke 30 minutes prior. Furthermore, there is a 

liquid that you’ll shake and mix in with the saliva so that the DNA doesn’t get degraded 

on its way to the testing site, as well as a protection bag and an envelope. More than 12 

million Americans have sent in DNA samples thus far via AncestryDNA.  

AncestryDNA claims to be the most comprehensive, and is the largest selling DNA kit on 

the market. They use microarray-based autosomal DNA testing “which surveys a 

person’s entire genome at over 700,000 locations, all with a simple saliva sample. 

Additionally, the new online interface integrates state-of-the art tools for you to utilize 

your DNA results for family history research.” Sounds super cool, right? According to an 

article published by Gizmodo, they err on the side of caution when it comes to DNA 

testing kits. “For one thing, there’s no guarantee that the results you get back from a 

DNA-testing company are particularly meaningful or even accurate.” Furthermore, a 

company sent back human results for a DNA sample from a Labrador retriever. For many 

people, however, privacy is the main concern. 

https://www.chicagotribune.com/business/ct-biz-genetic-tests-for-christmas-1216-story.html
https://www.youtube.com/watch?v=Q6ny58pUs7o
https://www.forbes.com/sites/nicolemartin1/2018/12/05/how-dna-companies-like-ancestry-and-23andme-are-using-your-genetic-data/#25043d7c6189
https://gizmodo.com/dont-take-the-dna-test-youll-probably-get-for-christmas-1831068871
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Sending in DNA samples to a private company does sound a bit scary, I’ll admit. 

According to the Washington Post, children are most at risk. A genetic counselor states 

that children should be able to make their own decisions about the information they 

want to know, as parents are ultimately the ones purchasing the kits for familial reasons. 

Furthermore, there is the concept of HIPAA. HIPAA, which is The Health Insurance 

Portability and Accountability Act of 1996, protects the privacy of medical information 

of individuals when it is handled by doctors, hospitals, and health insurance companies. 

Independent companies, however, such as those selling DNA kits, do not fall under the 

HIPAA umbrella. In fact, they are legally allowed to sell the genetic information to 

pharmaceutical companies and other third-party entities, whether that remains 

anonymous or has identifying information is currently unknown. There are laws in place 

to prevent companies, employers, and healthcare providers from discrimination against 

someone’s DNA. However, AncestryDNA is still technically allowed to release that 

information to companies, but the companies cannot use it to discriminate. Children and 

most teens cannot give informed consent for their personal data to be used in that 

manner, but as of now there is nothing technically wrong with the process. 

While understanding genetic history and health risks sounds fun and intuitive, it often 

causes familial strain. Finding out genetic predisposition to certain diseases can shift a 

family dynamic, especially if those results are found in children and teens. I’m not one to 

say that ignorance is bliss, and I understand these results can be vital to some families. 

For example, it could bring attention to a serious condition and preventative action can 

be taken. However, it could also cause parents to treat their children differently due to 

the results. Nonetheless, the takeaway here is to do the research and consider all of the 

factors and outcomes when conducting genetic testing with an independent company. 

Because, sadly, DNA kits cannot be re-gifted like the weird sweater your grandma gave 

you. 
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Acute Flaccid Myelitis: A Dangerous Polio-like 

Illness 

By Annie Panageas     D.U.Quark 2019. Volume 3(2) pgs. 64-65 

Published March 18, 2019        Staff Piece 

 

In our constant news feeds about the latest celebrity diet and the next political 

statement, a headline that could affect more people than usual might have slipped past 

you concerning Acute Flaccid Myelitis (AMF). It has been called a “polio-like illness” due 

to the damage it causes to the muscles and spinal cord. This disease affects the grey 

matter, which is the darker tissue in the brain and spinal cord consisting mainly of nerve 

cells, and causes the muscles to become weak, and reflexes in the body to become slow. 

While it can affect a person of any age, the outbreak has mainly affected children. 

According to the CDC, the cases in children “began to surge in 22 states with 127 cases 

being investigated and 62 cases confirmed” as of October 2018. For example, in the state 

of Minnesota, and those with similar climates, there are usually no cases or up to 1 case 

of AFM per year in each state. As of December 2018, there had been 10 confirmed cases 

and about 130 more cases under review. While this past year has seen a recent surge in 

cases, the CDC says that there has been a steady increase in cases since 2014 across the 

United States. 

The symptoms of AFM include facial drooping, weakness, trouble moving the eyes, 

drooping eyelids, trouble swallowing and breathing, and slurred speech. These 

symptoms, along with a lack of information on the subject have made it difficult for 

doctors to properly diagnose people with this illness. Because of the lack of research in 

the past, the need for answers has never been more pressing. Because the symptoms 

that AMF causes are present in various other diseases, the one thing that doctors can do 

is treat those individual symptoms. While treating the symptoms is helpful, it does not 

help the overarching disease that is occurring in the spinal cord and respiratory system. 

One of the few known facts about AFM is that its cause could be either environmental 

toxins or viruses such as poliovirus, enterovirus A71, and West Nile virus. At the end of 

2018 there was still very little known about this disease, and doctors and researchers 

were still looking for more information about treatment options. As of the beginning of 

2019 it has been confirmed that this disease is a respiratory virus that is causing the grey 

https://www.cdc.gov/acute-flaccid-myelitis/about-afm.html
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matter to become infected in the spinal cord, which can lead to worsened conditions 

within hours, including paralysis. 

While more information is uncovered, initiatives can be taken to help those that have 

been affected and prevention measures can be investigated. Because AMF has been 

linked to a respiratory virus and possibly environmental toxins, places such as the 

Cleveland Clinic have compiled a list of preventative measures that can be taken. Be sure 

to get vaccinated, especially for the Polio virus, try to steer clear of mosquitoes, wash 

your hands, be careful around others who are sick, and don’t share things such as straws, 

cups, or utensils. These measures can also be followed by people who have been affected 

so as to prevent further infection. With more and more research coming out every 

month, a way to help those affected  may be closer than we think. 
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The Environmental Impact of Straws and Other 

Plastics 
By Annie Panageas     D.U.Quark 2019. Volume 3(2) pgs. 66-68 

Published April 22, 2019        Staff Piece 

 

Increasingly, the problem of plastics and their effect on the environment has been 

making headlines and starting movements to end the use of plastic straws and plastic all 

together. Tons are discarded every day and very little of that is recycled, so it ends up in 

our landfills or waters. Plastics also take up to 1,000 years to decompose in our 

landfills.  As they decompose, they release chemicals that harm our plants, animals, 

humans, and our waters. 

As of January 2019, plastic straws were the 8th most common ocean trash harming 

turtles, fish, and seabirds. Seabirds and marine animals face an alarming death rate due 

to plastics; as of the end of 2018, over 1 million birds and 100,000 marine animals die each 

year from ingesting plastics (see picture below).  

 

Animals, like seabirds and turtles, do not understand the difference between plastics 

and food, so they ingest whatever they can find.  As the plastics break down inside of 

them, they release toxic chemicals that can kill them. These harmful plastics can get 

https://get-green-now.com/environmental-impact-plastic-straws/
https://onelessstraw.org/
https://onelessstraw.org/
https://www.fws.gov/refuges/features/OceansOfTrash.html
https://www.fws.gov/refuges/features/OceansOfTrash.html
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stuck on or inside animals, such as the turtle (pictured below) with a straw stuck in his 

nose or on the penguin in the movie Happy Feet who has a six pack ring stuck around 

his neck. The fish in our waters are also affected by plastics; about 12,000 to 24,000 

tons end up in their digestive systems in the North Pacific alone. 

 

In addition to the visible effects plastic can have on wildlife, there are many other less 

obvious effects that take place. There are toxic chemicals that are released when plastics 

start to break down that are additives such as phthalates and Bisphenol A (BPA).  They 

are known to have hormonal effects that influence the hormone system of vertebrates 

and invertebrates. They can also cause inflammation, pass through cellular barriers, and 

cross highly selective membranes such as the blood- brain barrier or the placenta. These 

toxins can also cause changes in the gene expression of animals and the process of 

biochemical reactions. 

In terms of plastic straws, there is a chemical called polypropylene, a petroleum 

byproduct, that is the same chemical in our gasoline and does not degrade in the 

environment. Instead, this product will float on the top of water to be consumed by 

animals or become part of an ocean gyre. An oceanic gyre is a floating ‘island’ that is 

made up of human waste and does not degrade. One of the largest gyres is The Great 

Pacific Garbage Patch, which houses an estimate of 1.1 to 3.6 trillion pieces of plastic. 

Another statistic from 2012 stated that there were over 32 million tons of discarded 

plastic that ended up in either our oceans or in landfills. Looking at the trends of plastic 

use in our country, it is wise to assume that this statistic has only gotten larger since 2012. 

https://www.earthtouchnews.com/environmental-crime/pollution/first-a-straw-now-a-fork-turtles-are-choking-on-our-plastic-trash/
https://www.biologicaldiversity.org/campaigns/ocean_plastics/
https://www.biologicaldiversity.org/campaigns/ocean_plastics/
https://www.biologicaldiversity.org/campaigns/ocean_plastics/
https://www.unenvironment.org/news-and-stories/story/plastic-planet-how-tiny-plastic-particles-are-polluting-our-soil
https://www.theoceancleanup.com/great-pacific-garbage-patch/
https://www.epa.gov/recycle
https://www.epa.gov/recycle
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So, what is being done to combat this issue, and how can we help to solve the problem? 

Organizations, such as “One Less Straw”, and small groups of people and individuals, 

such as Zachary Merrick (guitarist of All Time Low), have taken action to clean our land, 

beaches, and oceans on a regular basis. In addition to this, hundreds of people across the 

country have taken action by refusing to use plastic straws or plastic bags at the grocery 

store. You can take action by using reusable paper or bamboo straws instead of plastic 

ones, taking your own reusable bags to the grocery store, and using reusable cups 

instead of plastic ones, etc. Also, taking part in clean ups in the ocean, on the beach, and 

in forests and towns are also great ways to take part. With the combined efforts of more 

and more people, the problem of plastics can be reduced significantly over time. 
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As the new M. Night Shyamalan movie, Glass, the final part in the Unbreakable series, is 

set to come out, the roles of three disabled men come back into the spotlight. The men 

have osteogenesis imperfecta, dissociative identity disorder, and remarkable strength, 

respectively. The first two illnesses that these characters possess are real afflictions that 

affect real people. With the portrayal of characters with these diseases, there are groups 

that are upset with the way that it has been dramatized. In the movie Split, which 

preceded the movie Glass, the portrayal of DID was widely dramatized with the character 

having twenty-three personalities and each personality having different afflictions. 

People are also talking about the inclusion of disabled actors with Osteogenesis 

imperfecta as a way to make a more realistic film. 

Osteogenesis imperfecta (OI) is a genetic disease that is characterized by brittle bones 

that are not formed correctly and break easily. This disease is very rare, variable, and 

complicated. In 90% of cases, the cause is a faulty gene that reduces the amount or 

quality of collagen in bones. In the other 10% of cases, it’s caused by mutation in both 

recessive and dominant genes. This disease affects about 25,000 to 50,000 people in the 

United States per year, but with the proper care and attention, these people can lead 

semi-normal lives. OI can cause other medical issues including asthma, stunted growth, 

hearing loss, brittle teeth, vision problems, cardiac issues, and fatigue. There is a range 

of severity and cases are labeled as mild, moderate, or fatal. In addition to this, there are 

six types of OI that range in severity, life expectancy, bone breakage, and deformity. 

Type I is the mildest form and generally does not affect life expectancy, while Type II is 

the most severe form with death usually at birth. Type III has a varied life expectancy with 

bone fractures at birth and breathing problems, while Type IV is a moderate form with a 

somewhat average life expectancy and some deformity. Type V is a moderate form 

similar to type IV.  Type VI is the rarest form and is characterized as moderate with a 

characteristic bone type. The character in Glass is never given a specific type, but it can 

be assumed that he has either Type III or Type VI based on his description. 

https://finance.yahoo.com/news/movie-reprises-controversial-apos-split-191128074.html
http://www.oif.org/site/PageNavigator/AOI_Facts.html
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Dissociative Identity Disorder (DID), or multiple personality disorder, is a mental illness 

that is characterized by two or more distinct personalities that each have unique 

characteristics. This disorder is a severe form of dissociation which causes a loss of 

connection in a person’s thoughts, memories, feelings, actions, and feelings of identity. 

A person may dissociate and start to behave like another person or like they are in a haze. 

They could have different writing and drawing habits, and seemingly different lives. DID 

also comes with a form of amnesia and prevents the person from being fully able to 

remember things from when they were in their dissociative state. This disorder is caused 

by long term extreme trauma in the person’s early life. The mind then tries to find ways 

to cope with that trauma and creates different “compartments” in the mind that try to 

help heal in different ways. It is unknown exactly how many people suffer from this 

disease, but from a small study it can be estimated that about 1.5% - 7% of people are 

affected each year. Women do tend to be more affected than men but both genders are 

almost equally likely to get the disease if they have experienced the same long term 

trauma. 

People who are afflicted with DID and OI feel that the misrepresentation of their diseases 

in these movies leads to a false perception of them as highly unstable people, which is 

not always the case. Most people with DID can function similarly to others and people 

with OI are able to live relatively long lives with minimal bone breakage. Many people 

believe that with the inclusion of disabled actors in movies, such as a person with OI, 

movies could be more representative of reality, even in the fantasy genre. With the 

perspective of disabled actors, there would be less false dramatization and a better 

understanding of these diseases in the real world.  Most importantly, less stigma would 

form against the people affected. 
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The Implications of a Neurodegenerative 

Disease from a Personal Perspective 
By Maeve Godshalk     D.U.Quark 2019. Volume 3(2) pgs. 72-75 

Published April 29, 2019        Staff Piece 

 

How many of you play a contact sport? How many of you have friends or family members 

who played contact sports? Have you or anyone you know sustained a concussion in their 

lifetime? 

These are three simple questions with much larger implications. According to UPMC 

Sports Medicine, 

• Between 1.7 and 3 million sports—and recreation—related concussions happen 

each year. 

• Around 300,000 are football-related. 

• 50% of concussions go unreported or undetected. 

• 20% of high-school athletes who play contact sports, including soccer and 

lacrosse, will suffer a concussion this year. 

I’m sure many of you at this point are wondering, What’s the big deal? Why should I care? 

When I was six-years-old, my uncle passed away from Amyotrophic Lateral Sclerosis 

(ALS). ALS is a neurodegenerative disease that affects the neurons in the spinal cord and 

brain. The muscles begin to lack nourishment, and become so weak that they degrade. 

The spinal cord will begin to develop sclerosis, the hardening of the neurons and 

muscles.  This eventually results in nerves not being able to fire, muscles becoming 

fragile, and atrophy. 

My uncle, Jim, was only 43 when he passed. Six years of his life was spent battling this 

disease. This means that since I was born, he was living with this diagnosis. My memories 

of a healthy Jim are essentially nonexistent. He eventually realized something was wrong 

when he woke up one day unable to tie his shoes. He was confused, not understanding 

why a part of his daily routine was simply impossible. After many trips to the doctor, and 

many different tests, the final diagnosis of ALS shook him, as well as our entire family. 

https://www.upmc.com/services/sports-medicine/services/concussion/facts-statistics
https://www.upmc.com/services/sports-medicine/services/concussion/facts-statistics
http://www.alsa.org/about-als/what-is-als.html
http://www.alsa.org/about-als/what-is-als.html
https://www.legacy.com/obituaries/mcall/obituary.aspx?n=james-gum&pid=17630486
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Jim, by the way, was not unhealthy by any means. He was a star quarterback and safety 

on the football team throughout high school, even winning a championship in 1979. He 

made the All-League Team his junior and senior year, All State Third Team defensive 

back as a junior, All State Team quarterback as a senior, and was selected to his alma 

mater’s Athletic Hall of Fame. 

He continued to play football at Lehigh University, earning his letter three of his four 

years there as a free safety, ranking sixth in the country in interceptions. Jim was bright 

and talented: gifted, if you will. 

Jim loved the game so much, nothing could stop him. He had sustained multiple 

concussions throughout his lifetime, even playing with some or refusing to see trainers 

so that he could continue to play in that week’s game. 

When he died thirteen years ago, little was known about ALS or potentially connected 

illnesses. ALS is now known to be closely linked to a disease known as Chronic Traumatic 

Encephalopathy (CTE). CTE occurs when proteins called “tau” proteins conglomerate in 

the brain, causing neuronal blockage and the death of brain cells. What causes CTE, you 

might ask? Repetitive Head Impacts (RHI)—most commonly known as concussions. CTE 

is commonly found in athletes and military veterans due to a heightened rate of RHI in 

both groups. 

Sadly, there is no cure for CTE—or ALS for that matter—at this point. In fact, CTE cannot 

even be diagnosed during the patient’s lifetime yet. Due to its location in the brain, 

diagnosis can only occur after death. A thin slice of brain tissue from the deceased patient 

will be stained and analyzed under a microscope to look for tau conglomerations and 

characteristic patterns of those proteins within the brain. 

Athletes and veterans who have died of ALS—which can be diagnosed during the 

patient’s lifetime thanks to EMGs, MRIs, blood tests, and spinal taps—have had brain 

tissue analyzed postmortem. It gave a shocking result when a number of those people 

who passed from ALS had those characteristic tau protein conglomeration patterns 

within the brain, indicating they also suffered from CTE. The correlation of CTE and ALS 

remains strong, namely in collegiate/professional athletes, military veterans, and car 

accident victims. 

We are playing a sad game of chicken or the egg in science right now. Which comes first: 

ALS or CTE? How are they affecting each other? What can we as a community do to spark 

conversation and inform people about the serious implications of these diseases? 

https://concussionfoundation.org/CTE-resources/what-is-CTE
https://concussionfoundation.org/CTE-resources/what-is-CTE
https://www.mayoclinic.org/diseases-conditions/amyotrophic-lateral-sclerosis/diagnosis-treatment/drc-20354027
https://www.mayoclinic.org/diseases-conditions/amyotrophic-lateral-sclerosis/diagnosis-treatment/drc-20354027
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That is why I am sitting here typing away on my laptop, fighting to hold back tears. As a 

scientist, niece, and friend, I am here to start that conversation. Talk to your teammates 

about the severity of concussions, ask your coaches and athletic trainers to provide more 

information, inform your friends, talk to your parents, and read journal articles. 

It seems bleak and obvious that concussions are bad, and neurodegenerative diseases 

are in no one’s life plan. What people don’t talk about is how hard it is to watch a loved 

one live their life from a wheelchair with a feeding tube, unable to speak or care for 

themselves. Had my family known about potential links between CTE and ALS when Jim 

passed, we would have had his brain donated for research. Unfortunately, we are living 

with too many “What ifs?” to go back in time and fix them. 

So, I urge you to start advocating for yourself, your friends, your family members, and 

even your favorite sports players. Fight for those people who can no longer fight for 

themselves, and support the scientists who go to work every day with the intentions to 

find the answers people desperately need. 

For more information on ALS and CTE related research: 

1. http://www.bu.edu/cte/ 

2. http://web.alsa.org/site/PageNavigator/blog_011718.html 

3. https://academic.oup.com/jnen/article/77/12/1091/5123933 
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Noise Pollution with Deadly Potential 
By Meredith Bennett    D.U.Quark 2019. Volume 3(2) pgs. 76-77 

Published June 10, 2019        Staff Article 

 

Oceans face ever-increasing hazards, including rising sea temperatures, plastic pollution, 

agricultural runoff, and oil spills.  Noise pollution is a less-understood threat to marine 

life.  One source of this pollution is seismic mapping, an acoustic imaging technique that 

uses powerful, low-frequency impulses to search for oil deposits in the ocean.  In the 

journal Nature Ecology & Evolution, a study conducted by Robert D. McCauley and his 

colleagues demonstrates the harmful effects of seismic mapping operations on 

zooplankton, a species vital to ecosystem health.  The costs of seismic mapping are 

especially relevant today.  The Trump administration is currently distributing permits to 

companies that will allow the use of seismic mapping to search for oil and gas sources in 

the Atlantic Ocean.  This raises major concerns about the effects of these actions on 

ocean environments. 

Zooplankton, also known as krill, are some of the most important organisms in marine 

ecosystems.  All organisms, from the smallest 

crustacean to the fiercest predator, rely directly or 

indirectly on the health these plankton. In their 

research on zooplankton, McCauley and his team 

used an air gun like those used in commercial 

seismic mapping.  They then exposed the plankton 

to air gun signals.  Seismic air guns release high-

pressure air into the ocean, creating powerful blasts 

that travel over extremely large distances. 

After they exposed the plankton to the 

blasts, the researchers compared their 

abundance with that before the blast. The 

number of zooplankton was significantly reduced, and the amount of dead plankton in 

the waters increased by 2 to 3 times.  Large scale depletion of these microorganisms will 

affect the structure of entire ecosystems, indicating the danger seismic mapping poses 

to oceans. 

"Antarktický krill" by Norkrill is licensed under CC BY-NC-ND 2.0     

 A group of Antarctic krill. 

https://www.nature.com/articles/s41559-017-0195#abstract
https://www.flickr.com/photos/79669008@N03/7302489100
https://www.flickr.com/photos/79669008@N03
https://creativecommons.org/licenses/by-nc-nd/2.0/?ref=ccsearch&atype=rich
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The minimal research that has been done on seismic mapping has generally focused on 

its impact on whales.  Concern for whales has been 

renewed recently, because of the potential seismic 

blasting in the Atlantic Ocean.  The Trump 

administration, in addition to standard permits, is 

issuing “incidental take” permits that excuse 

companies who harm marine mammals like whales. 

Because many whales feed primarily on zooplankton, 

they are also impacted by the depletion of 

plankton caused by seismic air gun 

operations.  Virtually no research had been done 

on plankton’s responses to seismic mapping 

before McCauley’s study. His research confirms 

both the destructiveness of seismic mapping and the importance of plankton in 

ecosystems. 

The effects of seismic air gun operations on marine ecosystems are substantial.  It 

significantly reduces the abundance of important microorganisms like zooplankton, 

which serve as the basis for ocean food webs.  This disruption can be especially 

detrimental to whale species who are often already endangered. The issue of seismic 

mapping has been brought to national attention with the government’s decision to issue 

permits to companies that will employ this surveying technique.  Although the situation 

seems dire, there are environmental groups and governmental officials who are opposed 

to seismic blasting and who are speaking out against it. With the voices of those who care 

for our oceans, we can fight to limit the destructive effects of seismic mapping. 
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Of Mice and Biologists 
By Meredith Bennett    D.U.Quark 2019. Volume 3(2) pgs. 78-79 

Published June 17, 2019        Staff Article 

 

On February 11th, Charles Darwin and his incredible scientific discoveries were 

remembered during Duquesne University’s annual Darwin Day celebration.  In an 

interesting twist, the distinguished scientist was honored through the discussion of a 

subject that puzzled him throughout his lifetime: heritability.  Although he discovered 

the mechanism for the evolution of traits in populations, he died without understanding 

how those traits are inherited by an organism’s offspring. 

This year’s featured speaker was Dr. Hopi Hoekstra, an evolutionary biologist at Harvard 

University.  Her research revolves around the task of applying Darwin’s theory of 

evolution to behavior.  Darwin, himself, believed that behavioral traits evolve via the 

same mechanisms as physical traits.  Similarly, a man named Richard Dawkins 

formulated the idea of an ‘extended phenotype’, defined as an “animal artefact…whose 

variation is influenced by a gene”.  Dr. Hopi Hoekstra’s research depends strongly on this 

concept of Dawkins’, and the specific extended phenotype studied in her lab is burrowing 

behavior. 

Burrows serve important purposes in many animal species, including the avoidance of 

predators, social interactions, food storage, 

and thermoregulations.  To examine the 

genetic basis of burrowing, Dr. Hoekstra 

studies deer mice, specifically a species called 

Peromyscus polionotus.  P. polionotus are 

robust diggers and produce a highly unique 

burrow that includes an escape tunnel.  Dr. 

Hoekstra’s behavioral studies are conducted 

in the lab, and the lab mice, even when born 

in captivity, produce the same complex 

burrow design as their wild 

counterparts.  Because behavioral traits are 

more difficult to measure, innovative 

methods must be employed in studies like the one conducted by Dr. Hoekstra.  To 

measure the length and width of the P. polionotus burrows, the scientists create ‘casts’ 
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using a foam that fills the burrow and then hardens within it.  The scientists can then use 

the burrow measurements of P. polionotus and other deer mice species to draw 

conclusions about the evolution of the burrowing behavior in the mice. 

In Dr. Hoekstra’s lab, P. polionotus is compared with a different species of deer mouse 

called P. maniculatus that creates a burrow without the escape tunnel.  To study the 

burrowing trait, the researchers paired baby mice with parents of the opposite 

species.  Unaffected by the species of their foster parents, the babies grew up to create 

the burrows associated with their own species.  This supports the idea that burrowing 

behavior is inherited, not learned.  The researchers also created hybrid mice by breeding 

the two species with each other.  The children of these hybrids always built the complex 

burrows of P. polionotus, indicating that a complex burrow is the dominant trait between 

the two species. 

With improved behavioral measurement techniques, the scientists then set out to 

uncover the specific gene that regulates burrowing behavior.  The most promising 

candidate gene is one called Chrm5.  The big diggers, P. polionotus, experienced higher 

expression of the Chrm5 gene.  The big diggers dug for longer periods of time, more 

frequently, and earlier in their lives.  The scientists found that the greater mechanical 

efficiency of big diggers only accounts for ten percent of the difference in burrowing 

behavior.  In other words, the big diggers were more motivated to dig.  

Although the scientific evidence for the Chrm5 gene is encouraging, it is not the only 

candidate.  Dr. Hoekstra expressed her desire to 

attempt an experiment where little diggers, P. 

maniculatus, could be genetically manipulated to 

create a complex burrow.  She would do this by 

experimenting with possible genes that code for 

burrow design and inserting these into the little 

diggers.  This would bring her closer to correctly 

locating the burrowing behavior gene.  Dr. Hopi 

Hoekstra’s leading-edge research in burrowing 

behavior brings us closer to an understanding of the evolution of behavioral traits, 

building on Charles Darwin’s eminent work. 
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Gene-Edited Twins Call for a Moratorium 
By Mitchell Downs      D.U.Quark 2019. Volume 3(2) pgs. 80-81 

Published January 15, 2019       Opinion Piece 

 

What better way to start off an International Summit on Human Genome Editing than to 

tell everyone that you had just created the world’s first and only gene-edited twins.  This 

is exactly what Chinese Scientist Jiankui He did.  He, who has been on unpaid leave since 

February, worked with the Southern University of Science and Technology in Shenzhen, 

China.   In a video announcement posted to YouTube, He describes the general process 

that occurred with the conception of the gene-edited twins, who are being called “Lulu” 

and “Nana”.  In the video He also likens the gene-editing procedure to an advancement 

for In Vitro Fertilization or IVF, which received similar reactions from the scientific 

community and general populace back in 1977.  He says “The media hyped panic about 

Louise Brown’s birth as the first IVF baby. But, for forty years, regulations and morals 

have developed together with IVF ensuring only therapeutic applications to help more 

than 8 million children come into this world. Gene surgery is another IVF 

advancement…”. 

This news certainly came as a surprise to the scientific and bioethical community, as 

eugenics, which is the science of controlled breeding to improve certain qualities, has 

long had a negative connotation.  Most scientists and bioethicists believe that what went 

down in the He lab was premature.  Yet, this was also said about IVF, which has brought 

about 8 million people into the world since its debut.  Both IVF and gene-editing are 

unnatural practices. IVF is used to overcome infertility in women and consists of fusing a 

male and female gamete in a petri dish. After they grow and mature in a controlled 

environment the embryo is then implanted into the uterus, and the development of the 

child is mirrored to a In Vivo Fertilization.  He’s gene editing consisted of the same 

procedures done with IVF, except he edited the DNA to disable the CCR5 gene that 

produces a protein that allows the HIV virus to enter the cell.  On paper this experiment 

sounds acceptable, but the fact that it was not done as a lifesaving method for the IVF 

twins makes the act even more condemnable by the community. 

He’s gene editing experiment has been associated with the uprising of producing 

designer babies, which are human embryos that have been genetically modified to 

produce children with desirable traits.  This practice is considered ethically immoral by 

most of the general public.  Shortly after He’s announcement on the gene-edited twins, 

https://www.youtube.com/watch?v=th0vnOmFltc
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Feng Zhang, a gene-editing researcher at the Broad Institute at MIT, stated “Given the 

current state of the technology, I’m in favor of a moratorium on implantation of edited 

embryos”.  Many other prominent biochemists and bioethicists are also calling for 

regulations and safety requirements regarding gene-editing.  We can be expecting more 

statements about, and possibly more results, on what took place in He’s lab in the coming 

months. 

As a student with an amateur interest in bioethics, I find Jiankui He’s actions to be brave.  

He has reignited the conversation on gene-editing and, subsequently, on designer 

babies.  I believe that if the technology is there, and there are no regulations or 

restrictions to its use, then how are we to stop such practices from occurring?  By creating 

the gene-edited twins, he has allowed for open and immediate discussion on the 

development of regulations.  This could mean that we may be seeing more babies born 

with edited genes, or that we will never again have more than two humans on Earth who 

were a product of not only IVF, but gene-editing.  I am not and will most likely never be 

in favor of designer babies or editing the genes of embryos to gain desired traits, even if 

they are beneficial to humans.  Therefore, although He’s actions are questionable, I 

appreciate his bringing the topic to the surface.  I firmly believe that a moratorium of 

edited embryos will give scientists and bioethicists time to discuss what should and 

should not be done in the field of gene-editing and eugenics. 
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Endocrine Disrupting Compounds: Problems 

and Solutions 

By Nicholas Krebs      D.U.Quark 2019. Volume 3(2) pgs. 82-86 

Published June 13, 2019        Opinion Piece 

 

What are Endocrine Disrupting Compounds? 

Endocrine Disrupting Compounds are defined 

by the World Health Organization as an 

exogenous substance that alters the function of 

the endocrine system, causing adverse health 

effects in the organism, offspring, or 

subpopulations [1]. A majority of EDC’s 

originate from anthropogenic activities.  

Hormones occur in humans at specific times and 

concentrations to regulate functions such as 

growth, 

metabolism, and 

reproduction. Endocrine disruptors alter natural hormone 

systems. Exposure to EDC’s can cause effects for the 

duration of an organism’s life. EDC’s can also impact an 

organism’s offspring. EDC’s are suspected to have various 

effects on human health including altered reproductive 

processes in males and females, delayed 

neurodevelopment in children, abnormal growth 

patterns, and an increased likelihood of developing breast 

cancer [2]. 

  

Where are Endocrine Disrupting Compounds? 

Endocrine disrupting compounds are found in pesticides and 

herbicides, flame retardants, and some plastics.  As a result, they 

are detectible in soils, air, and water [2, 3].  In Antarctica, the level 

of EDC’s has been increasing. The first detections of EDC’s 

Figure 1:http://www.sciencesource.com/archive/-
ss2313191.html, accessed November 11/2018 

Figure 2: http://daily.jstor.org/the-
problem-with-algae-bloom/, accessed 
November 11, 2018 
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occurred in the aquatic life.  The origin of the chemicals was in 

DDT and other pesticides that had 

never been used on the continent. The 

travel span of these chemicals in 

ocean waters shows the persistence of 

EDC’s in the environment. The rise in EDC’s in the Antarctic 

has been a consequence of the fact that two thirds of the 

summer stations lack wastewater treatment capabilities. The 

effluent discharged from these facilities have EDC’s from 

steroid hormones [4]. The steroid hormones in wastewater 

originate as pharmaceuticals. The pharmaceutical industry 

was looking for synthetic estrogenic compounds that could be produced instead of the 

expensive, naturally occurring estrogen material currently used. The research lead to the 

creation of BPA, which causes severe cornification of vaginal tissues. Although BPA could 

not be used in pharmaceuticals, it did take on roles in several other common day 

products, while BPA was substituted with DES as an estrogenic [5]. As different uses 

were found for different endocrine disrupting compounds, their use became common. 

The pesticides that washed away during rain, along with the excess estrogen in human 

waste from pharmaceuticals, both collect in waterways. 

The effects of EDC’s concentration and duration have been tested on zebrafish. The tests 

were conducted with M. aeruginosa, a specific EDC that 

occurs from algae blooms. M. aeruginosa has caused 

toxicity in fish 

populations and 

problems for water 

treatment 

facilities. The 

female zebrafish 

eggs that were 

exposed to EDC’s 

for various 

durations and concentrations, while not statistically 

different from each other, resulted in ten percent less 

eggs hatching. The zebrafish that were exposed 

developed histological lesions in the liver and experienced reproductive impairment with 

transgenerational effects [6]. 

Figure 3: 
https://www.oregonmetro.gov
/tools-living/garbage-and-
recycling/recycling-
home/plastic-recycling, 
accessed November 11, 2018 

Figure 4: 
http://www.financialexpress.com/i
ndustry/why-2018-will-be-a-
challenging-year-for-
pharmaceuticals/1110705, 
accessed November 11, 2018 

Figure 6: 
http://www.dailymail.co.uk/sciencetech/artic
le-4278116/Beautiful-images-Antarctic-
research-station-journey.html, accessed 
November 11, 2018 Figure 5: 

https://www.researchgate.net/figure/Adult-
zebrafish-Danio-rerio-females-upper-individual-
can-easily-be-differentiated fig29 304791642, 
accessed November 11, 2018 
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As a result of the increasing amount of exposure to EDC’s in western countries, there is 

evidence to suggest that EDC exposure is resulting in a higher incidence of male 

reproductive disorders, increasing infertility rates and various other testicular 

complications. The reproductive complications have been repeated in animal trials with 

varying doses and durations of EDC’s, and a similar correlation exists within human 

populations [7]. The estimated cost of health complications associated with endocrine 

disrupting compounds in the United States, as of 2016, was 340 billion USD, and in the 

European Union the estimate was 209 billion USD [8]. 

  

Potential Solutions 

There are several paths that have been explored to minimize the effects of EDC’s by 

regulating certain chemicals that are known to have endocrine disrupting potential, as 

done with BPA. The most prevalent options are detection and treatment. A Rapid 

Adaptable Portable In-vitro Detection 

biosensor (RAPID) would benefit both the 

science and healthcare fields with a faster and 

less expensive test for EDC that targets 

estrogen receptors found in soy plants and 

BPA. This biosensor has been successful in 

detecting EDCs in human blood and urine [8]. 

The other solutions are focused on 

remediation in wastewater, because all EDC’s 

are either carried into the water system or 

originate there due to other pollutants 

causing eutrophication.  The EDCs from 

surfactants, pesticides and plastic reinforcements can be degraded at a faster rate with 

the use of anaerobic membrane bioreactors (AnMBR) and microalgae with oxygen and 

light [9]. Other methods for degrading EDCs include photocatalytic degradation with 

immobilization and modification of the photocatalyst. When either of these 

photocatalytic degradations is performed, the overall purification process is simplified, 

because the photocatalyst slurry no longer needs to be removed from the purified water. 

This is a more efficient process compared with photochemical oxidation, which requires 

the addition of oxidizers such as ozone or hydrogen peroxide.  Although the 

photocatalyst process is more efficient at degrading the EDCs, the photochemical 

oxidation process is more cost effective [10]. Another option for water treatment of EDCs 

is the use of the white rot fungus Pleurotus ostreatus HK 35, which is a common industrial 

Figure 7: http://www.youtube.com/watch?v=R2-w4cvi 
bM, accessed November 11, 2018 



 

85 
 

cooking mushroom. Pleuroutus osteatus successfully 

performed in the lab to eliminate 94% of EDCs in the 

sample. It was used for ten days in a trickle bed 

wastewater treatment plant where it was successful 

in removing 74% of the EDCs without any 

interruption of the typical microbiota used in the 

process. This makes this treatment process the most 

promising, moving forward [3]. 
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