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Background: 
Antibiotic 
Resistance

• Antibiotic resistance is a global health 
issue. When pathogens develop 
resistance to antibiotics, less 
treatments are available to those with 
pathogenic infections. 

• Antibiotic misuse and overuse have 
contributed to the growth of this issue. 

• With antibiotic use, pathogens are 
pressured to adapt and develop 
resistance mechanisms.

• These pathogens can share their 
resistance mechanisms with other 
pathogens, making this issue 
widespread.



Background: Carbapenemase-
Producing Organisms (CPOs)

• CPOs are a type of bacteria that resist antibiotics by producing an enzyme known as Carbapenemase. 
This enzyme destroys the beta lactam ring present in Carbapenem antibiotics. These antibiotics are 
used when a patient is experiencing a severe, life-threatening infection. While they inhibit the growth 
of many bacteria, CPOs prevent these antibiotics from working efficiently.

• Common CPOs include Klebsiella Pneumoniae Carbapenemase (KPC) and New Delhi metallo-beta-
lactamase (NDM), which contain the blaKPC and blaNDM genes respectively which code for the 
carbapenemase enzyme.



Background: 
Continuation of 
CPOs

• CPO-based infections often spread 
directly and indirectly through medical 
equipment in healthcare facilities.

• Those in hospital settings have the 
highest risk of developing a CPO-based 
infection. Other high-risk groups include  
those with invasive medical devices and 
those with frequent antibiotic use.

• These bacteria can colonize certain 
regions of the body, without presenting 
any symptoms. 

• Early detection of these types of CPOs 
are necessary to prevent further spread.
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Washington State 
CPO Data

• In the recent years, the number of CPO-
based infections in Washington State has 
greatly increased.

• Specifically, between 2015 and 2024, the 
counties with the most reported CPOs 
were King, Pierce, Snohomish, and 
Spokane.



Densely Populated 
Areas

• CPO infections are known to spread 
through direct contact, and so, more 
populous areas are at risk for a more 
rapid increase of CPO infections. 

• The most populous counties in 
Washington State are King, Snohomish, 
Pierce, Thurston, Clark, and Spokane 
counties. 

• King, Snohomish, Pierce, and Spokane 
counties also have the largest number of 
reported CPO infections, reinforcing a 
correlation between a larger population 
and rapid spread of CPOs through direct 
contact.



Hospital Access
• Densely populated areas tend to 

have more access to hospitals, 
due to a centralized population. 

• As CPO infections are also 
known to spread in hospital 
settings, those recently 
hospitalized are at risk for 
developing a CPO infection.

• In Washington State, King 
County has the most hospitals, 
closely followed by Pierce and 
Spokane Counties.



Hospital Access 
and CPO Infection 
Correlation

• When compared with the map of reported CPO 
infections, it is seen that King County has the 
largest number of reported CPO infections, with a 
total of 292. 

• King County also has the most hospitals, 
reinforcing a positive correlation between a larger 
hospital presence and more reported CPO 
infections.

• Following King County, Pierce County and Spokane 
County have the second and third largest number 
of hospitals in Washington State respectively. 

• Pierce County also has the second highest number 
of reported CPO based infections. This is directly 
proportional to the number of hospitals.

• However, Snohomish County has the third largest 
number of reported CPO infections, while it has 
less hospitals as compared to Spokane County. 
This indicates that there are other factors which 
influence the spread of CPO infections.



Water Quality and 
CPO Infection 
Correlation

• Antibiotic resistance organisms like CPOs are rapidly 
spreading through water as well, especially in plumbing, 
shower drains, and toilets.

• A contributing factor to this is antibiotic manufacturing 
plants releasing their liquid waste containing antibiotics 
into nearby streams.

• Hospital wastewater containing unmetabolized antibiotics 
and organisms that have developed resistance are also 
released into the environment. 

• This polluted wastewater can stimulate organisms in the 
environment to develop antibiotic resistance. CPOs are a 
specific category of antibiotic-resistant organisms. If they 
spread from hospital sewer water, the CPOs will increase 
manifold.



Public Water Systems and CPO Correlation 
• Wastewater treatment plants treat effluent 

and remove contaminants in water. They 
are not designed to kill and remove 
antibiotic residues present in the water. 

• Once treated, water is released into the 
water bodies. Public Water Systems 
distribute this water to households 
through pipes.

• Once humans consume this water, it 
increases antibiotic resistance.

• Public Water Systems serve a large 
population of each county in Washington. 
Overall, they serve 84.1% of the state 
population.

• They serve most of King, Snohomish, 
Pacific, Pierce, Benton, Franklin, Walla 
Walla, and Asotin Counties. 

Percentage of population served by Public Water Systems per 
County



Public Water 
Systems and CPO 
Correlation Part II

• Antibiotic-resistant organisms like CPOs can spread through 
plumbing if antibiotic residues are not completely removed 
from wastewater.  Residents in these counties are susceptible 
to developing antibiotic resistant genes due to the selective 
pressure present in drinking water.

• This is reflected in the CPO infections data, where King, 
Snohomish, and Pierce have the largest number of CPO cases. 
These counties are the ones served by Public Water Systems.

• Pacific, Benton, Franklin, and Walla Walla Counties do not 
have as many reported CPO cases. However, those counties 
have a larger risk of CPOs being present in wastewater.



Equity Issue: CPO 
Diagnosis

• Background: To diagnose CPO-based 
infections, medical providers perform a 
rectal swab test. The swab is sent to a 
laboratory to perform a Carba-R assay. 
This assay detects genes associated with 
CPO infections.



Equity Issue: CPO Diagnosis Part II
• While CPO primarily spreads in healthcare scenarios, lack of healthcare access can 

limit treatment options for those with CPO-based infections. 

• CPO infections are primarily diagnosed through laboratory testing. So, those who do 
not have access to hospitals are at a risk for developing undetected CPO infections 
through colonization. 

• CPO treatment requires antibiotics to be administered in a specific way, as instructed 
by a medical professional. If the CPO is not detected, then it could lead to an 
increase in resistance.



Equity Issue: Uninsured Individuals
• Those who do not have access to healthcare perceive 

treatment as a financial burden due to being uninsured. 
Healthcare may not be accessible to those who live 
farther away from a healthcare facility.

• In Washington State, from 2015 to 2019, up to 27.8% of 
the adult population did not have medical insurance. 

• The counties (including Yakima, Adams, and Okanogan 
Counties) have between 12.1-27.8% of uninsured 
individuals. They have less access to hospitals. 

• While these counties do not have many reported CPO 
cases, healthcare accessibility is still vital for the 
treatment and diagnosis of CPO-based infections. 

• Healthcare facilities in areas with lower, more dispersed 
populations tend to have lower healthcare quality. This 
impacts diagnoses, causing CPO infections to spread 
undetected. Without professional guidance, antibiotic 
misuse could increase amongst limited healthcare 
access groups leading to more antibiotic resistance.Percentage of People between the ages of 19-64 without health 

insurance per County



Equity Issues: 
Uninsured 
Individuals Part II

• According to KFF, in the U.S., Native American and Alaskan Indian 
individuals make up 18.7% of the uninsured population, closely 
followed by Hispanic, Native Hawaiian, and Pacific Islander groups. 

• These people make up a large portion of those living in rural areas.

• These rural areas have lower access to centralized healthcare 
facilities, due to a dispersed population. Therefore, those living in 
rural areas are at a risk for not receiving adequate care and 
diagnosis for CPO-based infections.



Equity Issue: 
Wastewater 
Treatment in Rural 
Areas

• Further, rural communities may also have 
less wastewater treatment options and as 
a result, there may be an increased 
amount of antibiotic residues present in 
the water. 

• This may also increase the number of 
CPOs present in the water, making those 
living in rural communities susceptible to 
undetected CPO infections.



Possible Solution: 
Preventative 
Measures

• These measures can be adopted to prevent further 
CPO spread.

• Maintain Hygiene
• One must use soap and water to wash their 

hands, before and after handing medical 
devices.

• Using Personal Protective Equipment (PPE)
• Use appropriate PPE, when necessary. In 

hospital environments, PPE should be changed  
before handling different patients.

• Disinfecting
• Always disinfect surfaces that many people 

have had contact with. Clean shared medical 
equipment regularly.

• Plumbing
• Do not pour liquids down the drain. Especially, 

after a patient with a positive CPO infection 
has had contact with the liquid. Keep the 
patient away from sinks and other plumbing 
areas. This is  to prevent the transmission of 
the infectious pathogen through water.



Possible Solution: 
Spread Awareness

It is vital to spread 
awareness about CPOs 
to ensure that 
preventative actions can 
be taken.

This can be done through 
CPO education sessions 
and resources that are 
readily accessible to 
those who need it.



Possible Solution: 
Future Initiatives

• In the future, CPO testing programs 
can be funded . This is to make 
testing accessible to those in limited 
hospital access communities.

• This includes development of visiting 
CPO diagnosis clinics and visiting 
consultant clinics for those in rural 
areas.



Conclusion

In Washington State, the areas which are 
at higher risk for CPO infections are 
those that have increased hospital 
access, are densely populated, and have 
more access to public water systems.

Those at risk for developing an 
undetected CPO infection have limited 
hospital access due to being uninsured 
and living in rural areas amongst other 
reasons.

Preventative measures can be taken to 
lower risk of spreading CPO based 
infections, including by maintaining a 
hygienic space. 



Discussion of 
Equity

• Major disparities regarding the appropriate 
diagnosis and treatment of CPO infections 
are due to inadequate health treatment. 
Those who primarily experience this are 
those living rural areas and those who are 
uninsured.

• Rural areas tend to have less hospital 
facilities because of a dispersed 
population. As a result, they commute 
long distances to the closest hospital, 
making CPO diagnosis less accessible.

• Those who are uninsured avoid receiving 
healthcare treatment due to 
unaffordability, increasing risk for 
developing an undetected CPO infection.



Discussion of 
Significance

• This project confirms how CPO-based 
infections typically spread in areas that 
are densely populated and have a higher 
proximity to hospitals and other 
healthcare settings. 

• It highlights the impact of plumbing in the 
spread of CPO based infections. This 
provides room for further research on 
filtering out antibiotic residues from 
wastewater. 

• It also indicates the importance of 
increased healthcare access for early 
detection and prevention of CPO 
infections.



Personal Reflection

Ever since I was introduced to the growing issue of antibiotic resistance two years ago, I have been motivated to act regarding this issue. 
As I continued to learn about antibiotic resistance and CPOs, I wanted to research on the factors leading to the spread of CPO 
infections, and which groups are more susceptible.

I specifically wanted to focus on increasing awareness about the different ways in which CPO infections spread. As I delved into the 
research process, I was able to understand how CPO infections spread in different places ranging from hospitals to plumbing. 
Additionally, I wanted to analyze how geographic factors impact the risk of developing CPO infections. This is so that preventative efforts 
can be taken. To comprehend further, I used a variety of media, including articles and data from the Department of Health.

Overall, I faced challenges while searching for reliable data sources and graphics to supplement the WTN data. This project expanded 
my skill  of analyzing different types of data like maps, bar graphs, and pie charts. I plan to use this skill in future research.

I received assistance on proofreading from my parents to ensure the content’s relevance.

Additionally, AI was not used as a part of this project.
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