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Abstract  

Antimicrobial resistance is an essential public health issue and there are multiple 

approaches to researching the problem. The large amounts of web generated data can 

be used to understand public behavior on the web and consequently the behavior and 

the ideas of a population. In this project the approach was to study public behavior and 

tendencies in the use and misuse of antibiotics and the public awareness of antibiotic 

resistance by using Google Trends. The results show that searches on what may be 

related to buying antibiotics on the web are often related to each other in Google 

Trends, which strengthens the hypothesis that these popular searches are related to 

buying antibiotics. 
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Explanation of terms and abbreviations 

AMR, antimicrobial resistance. 
Broad-spectrum antibiotic, an antibiotic that is effective against a broad range of bacteria 
Narrow-spectrum antibiotic, an antibiotic that is effective against specific types of bacteria 
Related terms, referring to a concept in Google Trends, search terms that frequently appear in the same 
search session are considered related.  
CDC, Centers for Disease Control and Prevention, national public health institute in the U.S. 
 

1. Introduction 

The discovery of antibiotics is one of the greatest advancements in medicine. At the 

introduction of antibiotics, overall life expectancy increased. Today, antibiotic resistant 

bacteria threatens the possibilities of curing infections as well as many surgical 

practices. 

 

Misuse of antibiotics, commonly by using them when there is no need, or to start an 

antibiotics treatment and then stop taking the medicaments early thereafter -- both 

causes resistance in bacteria. The prescribed use of antibiotics is also a cause to the 

development of resistance in bacteria. 

 

Between the 1930’s and 1960’s research on antibiotics were successful and a lot of new 

antibiotics were discovered (Nathan and Cars, 2014). Finding new types of antibiotics 

would have been a way to avoid much of the damage caused by antibiotic resistant 

bacteria. 
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Figure: discovery of antibiotics between 1908 and 2003, from Nature Review 

Microbiology 

 

Unfortunately, as the figure illustrates, few antibiotics have been discovered in recent 

years. This trend in research calls for broader solutions to the problem of AMR. Finding 

new antibiotics is not an efficient strategy on its own. This means that careful use of 

antibiotics is even more important, not that researchers have historically approved of 

using antibiotics carelessly, however, since fewer antibiotics have been found in the 

recent decades, the prospects of finding new ones in the near future have worsened.  

 

Today, finding new antibiotics is not efficient on its own. Not that researchers have 

historically approved of using antibiotics carelessly, however, since fewer antibiotics 

have been found in the recent decades, the prospects of finding new ones in the near 

future have worsened and that means that careful use of antibiotics is even more 

important. 

 

The use and misuse of antibiotics is not supervised sufficiently in some regions and the 

consequence is that information on antibiotics use and misuse is lacking. In many 

regions there are reliable records on the purchase of antibiotics because they are 
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prescription drugs. However, there is also a market for antibiotics that are not prescribed 

by a physician. In some regions they may be for sale over-the-counter without needing a 

prescription. Antibiotics may also be bought on the web from practically anywhere. 

 

Search engines are used globally to find web content related to disease and treatment of 

diseases. Google Search has a dominating market position in most countries. In 

previous research, Google Trends has been used to track disease outbreaks. The most 

prominent application of Google Trends for tracking disease outbreaks was Google Flu 

Trends. A large number of people use Google to search for medical information and 

these large quantities of search query data show patterns and provides clues on people’s 

concerns and expectations (Zhou, Ye, Feng; 2011).  

 

Carneiro and Mylonakis (2009) says that search queries trending on Google Flu Trends, 

a discontinued Google Trends service with an algorithm focused on influenza, showed 

strong correlations with retrospective surveillance data from the CDC (Centers for 

Disease Control and Prevention) and that it accurately predicted influenza levels one to 

two weeks earlier than CDC reports that were published. In an article on Google Flu 

Trends, Lazer et al (2014) criticizes what they call “Big data hubris”, meaning that it is 

often assumed that big data can substitute, rather than being a supplement to, traditional 

methods of data collection and analysis. The algorithm of Google Flu Trends had to 

undergo changes. Today it is known that GFT had considerable weaknesses. GFT 

significantly overestimated the prevalence of influenza.

 

Figure: example which illustrates how Google Flu Trends overestimated the prevalence 

of influenza, using CDC estimation for reference 
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Researching usage of medicines or the awareness of AMR by search queries on Google 

Trends is distinct from tracking disease. Knowing what medicine to use requires 

knowledge about both the disease and the medicine that can cure the disease. With 

antibiotics, different types of antibiotics can be prescribed to cure the same disease. 

 

Antibiotic resistant bacteria 

Before going any further, let us understand, on an introductory level, the mechanisms of 

how bacteria becomes resistant to antibiotics. Most bacteria are eliminated or inhibited 

by antibiotics, but some in the population may survive. This means that the ones 

surviving have properties that make them resistant and that these resistant bacteria are 

the ones that multiply. There are two ways in which antibiotic resistant bacteria are 

developed: inheritance and exchange. In the generation of bacteria, certain genes that 

provide resistance to antibiotics are inherited. Bacteria can also exchange genes without 

multiplying, something which is possible even though the bacteria are of different 

species. Bacteria can become resistant from antibiotic exposure both in humans and in 

animals. Resistant bacteria can also spread between animal and human hosts. 

 

While bacteria can cause sore throat, so can viruses, and it is more common that sore 

throat is caused by a virus (Little et al. 1997). When people cannot make a distinction 

between the two infections in their self-diagnosis, they may try to treat themselves with 

antibiotic drugs. Such behaviour may contribute to antibiotic resistance in the bacteria 

that are not even responsible for the infection. 

1.2 Problem 

Use and misuse of antibiotics is a cause to the development of antibiotic resistant 

bacteria. Resistant bacteria are difficult or nearly impossible to cure with existing 

antibiotics and cause patient deaths. According to the AMR Review, up to 50,000 

people die each year to infections that are caused by antibiotic resistant bacteria in the 

US and in Europe, and globally at least 700,000 people die of drug resistant illnesses, 

including both bacterial and viral infections. According to a ECDC and EMEA report 

(2009) about 25,000 people die each year in the EU from multidrug-resistant bacterial 
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infections. Many surgical practices assume that antibiotics are available, e.g. antibiotics 

are used for infection prophylaxis in organ transplants; without antibiotics some medical 

procedures such as organ transplants would be too risky.  

 

Trending search terms on Google has been used to predict or nowcast real world 

situations. There are examples of this from topics like finance and medicine, perhaps 

most prominently in epidemiology. Seeing that there is successful research using 

Google Trends and that antibiotic resistance is an important topic now and in the future, 

surveying search term trends related to antibiotic resistance and antibiotic use seems 

valuable. 

1.3 Research question 

What can search query trends tell us about antibiotic use and misuse? 

What can search query trends tell us about antibiotic resistance public awareness? 
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2. Extended background 

European Centers for Disease Control and Prevention, ECDC, monitors antimicrobial 

consumption in Europe. According to an ECDC surveillance report by Weist et al. 

(2014) data providers on antimicrobial consumption are the ministry of health, health 

insurance companies, market research companies, medicines agencies and others. The 

provider of data depends on the country and sometimes multiple data providers are 

used. The data is either of the type “sales” or “reimbursement” (Wiest et al., 2014). 

 

Researching large data sets 

The www is an extensive source of data. Google has the dominating market share in 

web search engines and as such they have access to outstandingly large volumes of data. 

It is today possible to store much of the data that is not obviously crucial for business 

but may be valuable in acquiring business insights and building products in the future. 

Data storage is cheap and there are effective solutions for storage. Big data typically 

means that there is less discrimination of data and that in practice, it is not always 

obvious if the data is interesting for business or social goals when it is stored. Big data 

is collected for analysis, e.g. descriptive statistics, data mining and machine learning. 

Relational databases, i.e. traditional databases are effective when data has to be quickly 

accessed, but they are not effective for storing large data sets, especially if the data is 

unstructured and therefore not suitable for relational databases. NoSQL-databases, such 

as key-value and graph databases are more suitable for large volumes of unstructured 

data. One aspect is that relational databases are difficult to run distributed on a computer 

cluster, i.e. to scale horizontally.  

 

Resource-limited countries 

Though antibiotic resistant bacteria is a worldwide problem, it is a pressing issue in 

resource-limited countries (Nguyen et al.; 2013). Infectious disease caused by bacteria 

is naturally a more significant threat to human health in resource-limited countries. 

Nguyen et al. (2013) says in their paper that a limitation of their research is that local 

data on antimicrobial use and health care systems can be inadequate, missing or of poor 
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quality. It is said in the paper that in Vietnam “Mothers usually treat sick children 

without consulting a healthcare provider”. In 1999 78% of children with symptoms of 

acute respiratory tract infection were self-medicated with broad-spectrum penicillins 

(Nguyen et al; 2013).  

 

The results from Alvarez-Uria, Gandra & Laxminarayan’s paper (2016) on poverty and 

prevalence of AMR in invasive isolates found that there was a significant negative 

association between GNI per capita and the prevalence of MRSA, 3GC-resistant E. coli 

and Klebsiella species. These three bacteria have a significant impact on global public 

health because they are a common cause of infections (WHO; 2014).  

 

In less developed countries, antibiotics are sometimes difficult to acquire and easier 

access to antibiotics is likely to improve health. However, easier access to antibiotics 

probably means that resistance to them will increase. 

 

Antimicrobials in agriculture and veterinary use 

Using antibiotics to treat infections in animals is beneficial, not only for the animals, but 

sometimes also for human health. However, antibiotics are also effective for stimulating 

the growth of animals and as a means of preventing bacterial infections. The latter two 

ways of using antibiotics are bad from the perspective of preventing antibiotic resistant 

bacteria (AMR Review, 2016). The antibiotics that are used in agriculture are often 

important for human use as well. The use of antibiotics in farming varies depending on 

national policies. In some countries the use is restrained, for example in Sweden, where 

the use of antibiotics for non-medical purposes in livestock was banned in 1986. 

According to the Swedish SWARM The European union banned the use of antibiotics 

for promoting growth in livestock year 2006. In others countries there is a more liberal 

use of antibiotics in livestock, for example in the U.S.A and in China.  

 

The AMR Review (2015) found that a significant majority of papers on antibiotics in 

agriculture show that there is a possibility for a link between antibiotic use in animals 

and problems with bacterial resistance in humans. Only five per cent of the 139 

reviewed papers concluded that there was no evidence for such a link. 
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Public awareness and Google Trends 

Ficetola (2013) stresses the importance of public awareness in successful environment 

conservation projects. Public awareness, engagement and endorsement is seen as a 

necessary support in conservation plans and strategies for environmental management, 

especially long term. Ficetola reports that in 2013 McCallum and Bury investigated 

search patterns on Google and observed that many terms related to environmental 

conservation, such as “environment”, “biodiversity” or “wildlife”, had a much lower 

(relative) search frequency than 5-10 years ago. E.g. 2010 the frequency of the search 

term “biodiversity” was 50% of what it was 2004. A theory presented in the discussion 

is that in 2004, Internet (www) users were skewed toward academics and computer 

scientists, and as a result, there are more searches for research-oriented topics. 

 

 

 

 

 

 
 
 
 
 

 

 

 

 
 

11 



 

3. Method 

The research questions directs us to take a broad approach to different AMR-related 

phenomena on Google Search; an explorative approach to see what is there. Google 

Trends is the primary source of data and tool used in this project. In order to investigate 

use and misuse of antibiotics with Google Trends, we need to find and test different 

search terms that are related to the issue and that may indicate a behaviour or the 

thought process of the Google users. The same approach is used to understand the 

awareness of AMR. Another method to investigate the awareness of AMR is to see if 

keywords that are related to the release of a media report or an awareness campaign 

(e.g. its name, date and content) increased in ranking when such events occurred. 

 

Google Trends 

Google Trends is a tool for monitoring trends in searches made in Google Search. 

Popularity of terms and conjunctions of terms can be viewed over time, and in different 

regions. Trends that date back to year 2004 can be viewed on Google Trends. Google’s 

ranking from 0 to 100 is based on the number of searches for that specific term in a 

region divided by all searches on Google in that region. It is not possible search for 

semantically similar words or phrases in multiple languages at the same time, e.g. 

antibiotics and antibiotiques: a problem of convenience is that you cannot compare 

different terms in different regions. Currently it is only supported to simultaneously 

view trends of one term in different regions or trends of multiple terms in one region. 

 

Google Trends has been used as a means to track infectious disease. Now, similar to 

how people search for diseases on Google, to find information about symptoms for 

example, people also use Google to find information about a cure. Terms that are related 

to antibiotics, bacterial infections and symptoms are interesting in order to understand 

antibiotic use and misuse. While it is not possible to present exhaustive data on the topic 

(because excluding, or so to speak drawing a final line between what terms are and what 

terms are not related to antibiotic use, is impossible), the ambition is to take into 
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account a large number of search terms that intuitively seem related to antibiotic use and 

misuse.  

 

Variables in Google Trends 

● Terms, search terms that are related to antibiotics, bacterial disease and 

symptoms that may be related to bacterial disease. 

● Rankings from 1-100, the relative popularity of a search term. 

● Dates, the ranking of a term is connected to a specific date. 

● Regions, the ranking of a term can be viewed by region. 

 

Language limitations: search queries language are variable depending on locale. There 

are English speaking populations in many parts of the world, however, Google Trends 

shows that US, UK, Australia and Canada has a larger quantity of data on antibiotics 

related search queries. Among the reasons for this are that the previously mentioned 

countries are populous and that they are first world countries. If Google Trends can be 

used to understand antibiotics usage and misusage in developed countries then it is 

probably valid for less developed countries as well. Because it is mostly a matter of 

time as technology and Internet is fairly easy to access in most regions. 

 

This thesis is focused on the USA mainly, and also Europe. The primary reason for this 

is that these regions has a large quantity of data available on Google Trends. Europe and 

the USA has had quite a large number of Google users for the last decade at least. States 

in these regions are characterized by a high material wealth in the population, and also 

as by having had an established necessary technology infrastructure for longer than 

many other regions. At least from a Western perspective, English may often be the 

primary or secondary language when using Google Search, this may be especially 

relevant for small nations with their own language, as there may be less web content in 

their languages. Still, much of the global search data in English is from the 

Anglosphere.  

 

Carneiro and Mylonakis (2009) says that in tracking epidemics, Google Trends is more 

suitable for diseases with high prevalences and diseases in developed countries, since 
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developed countries have a larger quantity of searches. The quantity of searches on 

antibiotic related topics is also larger in developed countries.  

 

Using Google Trends in order to understand a situation is a technique that does not 

require any specific national infrastructure. In regards to technology, a region must have 

access to the Internet, power supply, and web-enabled devices. In regards to society, 

Google should be a permitted service for the majority of inhabitants in the region and 

there also has to be a culture of using Google’s search engine to find information on 

medical topics. Many regions already have these prerequisites and practically all are 

heading towards them. In conclusion, one advantage of using Google Trends to 

understand antibiotic use and misuse is that no specific setup, organization or 

technology is needed.  

 

Things to consider about search queries: 

● Terms are misspelled (though Google has a system for correcting them). 

● There are often synonyms or closely related terms. 

● Words occur in different sequences (e. g. “antibiotics pneumonia”, “pneumonia 

antibiotics”). 

 

The complexity of analysing search queries 

The relative ranking of Google Trends makes analysing data over time more difficult. 

We want to understand how and why Google is used with the searches that appear as 

trending. What is the intention of a search? This is not possible to answer in each 

individual case. Users may search for antibiotics and infectious disease without having 

the intention of acquiring antibiotics and without having a disease. It is difficult to 

understand the cultural and social circumstances that influence the use of antibiotics. In 

other words to map this means that you have to deal with enormous complexity. 

Surveying search terms is only a small part in enriching our understanding of antibiotics 

use. 
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3.1 Method of Analysis 

Searches were classified into categories that were found while or after the searches were 

compiled. An analysis was conducted which concerned terms used in search queries, i.e. 

how to understand them and their meaning in the composite picture. Most categories are 

predefined, i.e. we want to understand the problem domain before we gather data. 

Antibiotics constitutes one category, the search term “antibiotics” itself is of importance 

as an umbrella term, all medicaments that are antibiotic can be classified this way. 

Infectious bacterial diseases also constitutes a category as well as symptoms that can be 

related to bacterial diseases.  

 

Qualitative and statistical analysis 

The approach is primarily qualitative; on an abstract level the procedure is to find search 

terms that are relevant in the domain and are directly or indirectly related to the 

problems that are addressed in this thesis. For example, the search “sinus infection” is 

not obviously related to AMR, awareness of AMR or the use of antibiotics, but by 

analysing the related terms we may find data that indicates the ideas and the behaviour 

of Google users. These ideas and behaviours are often interesting, both in understanding 

how people use search engines in finding web content that is related to antibiotics, and 

in how people think about, and react to, infections, antibiotics, AMR and so forth. 

Google’s trends are representative of the population that are interested a specific 

domain, if it is possible to talk about for example “sinus infection” as a domain, or as 

belonging to a domain such as bacterial infections. The trends that are related to a 

domain are representative of that domain, because the trending terms are by Google’s 

judgement, of a significant quantity. Now, the idea of a domain does not actually exist 

in Google Trends. There are topics, e.g. U.S. politics or warfare, but these are special 

categories for searches that are trending. A term is trending at a location or globally, 

over a period of time. It would be interesting to see trends even in narrow topics, 

relative to other terms in the topic, rather than being relative to the searches of a whole 

population (a city is the smallest population). 
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Quantitative data are also important, but the basis for quantitative analysis is pretty 

weak considering that there is only a relative ranking from 0 to 100 for the trending 

searches. Other quantifiable data are the number of related search for a term. The 

definition of those terms is that they appear together with another term in Google trends, 

i.e. it is related and it has enough searches to appear as trending. Nominal data or 

categories of nominal data can be quantified. Searches on Google are nominal data, 

counting the occurrence of terms in a collection of related searches can be used to 

describe data sets. 

 

Comparison 

Zhou, Ye and Feng (2011) compares search trends on tuberculosis-related terms with 

CDC reports to see how Google Trends correlate with reported disease cases in 

retrospect. If it is meaningful and possible there should be some objects of comparison. 

The trending searches can be compared to reports from the CDC, as has been done in 

previous research when tracking disease outbreaks (Seifter et al., 2010; Zhou et al. 

2011) and also the purchase of pharmaceuticals. 

 

Search terms that correlate with events 

This analysis is conducted by investigating if the ranking of a search term changes over 

time and might show a connection to a certain event, for example the release of a report 

that has a wide readership and is cited by mass media or organized meetings of political 

or academic nature that deals with AMR. The idea is that people would search for key 

terms, such as the name of a new drug, a threatening bacteria, a number of expected 

deaths or expected costs in relation to AMR. This analysis is a part of evaluating the 

awareness of antibiotic resistance research and campaigns. 
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3.2 Ethics 

There could be ethical issues with Google Trends. Google Trends protects personal 

integrity by not showing search data that can be tracked to an individual, and searches 

that are not popular enough will not appear as trends. However, Google’s users may not 

always actively consent to how the company uses the data from their personal web 

searches. 
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4. Results and Analysis 

4.1 Google Trends 

In the US, the term “antibiotics” occurs together with for example “alcohol” and “strep 

throat” (Streptococcus pyogenes). In the US, each federated state has separate statistics. 

The words “antibiotics” and “piercing” occur together and is a popular search in the US 

since 2012. “antibiotics piercing infection” is was a popular search in year 2015, also in 

the USA. In Kenya, the term antibiotics is also trending and occurs with “effects of”. 

 

Related searches 

In Google Trends, related searches are terms that appear in the same search session as 

another term. The top related searches are the ones that most frequently occur together 

with a term. “Top searches are terms that are most frequently searched with the term 

you entered in the same search session, within the chosen category, country or region. 

If you didn’t enter a search, term top searches overall are shown.” This article is from 

support.google.com, on a page concerning how to find related searches. 

 

In Sweden, antibiotics is featured on Google Trends together with alcohol, urinary tract 

infection, penicillin, chlamydia and tonsillitis. The most common combination of terms 

is “alkohol” and “antibiotika”, which has a particularly high occurrence in the regions of 

Sweden’s most populous regions, Stockholm, Gothenburg and Malmö. 

 

US cities where the search term “antibiotics” is trending: 
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The ranking is relative, meaning that there may be a greater amount of searches for 

“antibiotics” in New York than in Philadelphia, though there is a larger quota of 

searches for “antibiotics” in Philadelphia than in New York of the total number of 

searches. 

 

Antibiotic resistance awareness 

The term “antibiotikaresistens”, was ranked 100 in Sweden on Google Trends at the 

start of year 2004, and has since dropped significantly, though the trends go up and 

down by the months. Searches on this term are popular in Skåne county and in Uppsala 

county, this may be due to academic interest for the topic, since both counties are 

locations for a major university. The term is also popular in Stockholm county and in 

Gothenburg's region.  

 

Related searches in March 2016 

US results results for “antibiotics pneumonia” and related search queries: 
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Moreover, interest in the specific term “antibiotics pneumonia” has increased over the 

years since 2004 and the interest is centered to the state of California. In Sweden, the 

corresponding query, “antibiotika lunginflammation” did not have enough data. 

4.2 Related searches of infectious disease in the United States 

This group of searches consists of queries with names of infectious diseases. The U.S. is 

representative in the sense that there are generally a greater number of related searches 

than in other regions and therefore more data to analyze. The analysis is done in an 

effort to understand the characteristics of a search session in the domain of infectious 

diseases. Related searches that include antibiotics are of a particular interest, because it 

would show that Google’s users also, to some extent, look for a treatment of the disease 

that they search for. If there is a connection between searching for information about a 

disease and searching for information about curing that disease, that connection would 

be an important fact in understanding the user behaviours in a search session. 

 

Terms related to sinus infection in the U.S. 

 

 

Here too, combination of terms “antibiotics sinus infection” and the term “antibiotics” 

appear in the related section with a ranking of 30.  

 

Symptoms: (sinus infection symptoms, sinus symptoms, sinus pain) 3 

Treatment: (sinus infection remedies, sinus infection treatment) 2 

Antibiotics: (antibiotics sinus infection, antibiotics) 2 
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Terms related to ear infection in the U.S. 

 

Searches for “ear infection treatment” (ranked 30) and “ear infection remedies” (ranked 

30) may both give web page hits with content related to antibiotic drugs. No explicit 

searches for antibiotics. One explicit search for the symptoms of ear infection. 

 

Symptoms: (ear infection symptoms, ear pain, ear infection pain) 3 

Treatment: (ear infection treatment, ear infection remedies) 2 

Antibiotics: 0 

 

 

Terms related to urinary tract infection in the U.S. 

 

 

No explicit searches related to urinary tract infection that has to do with treatment, 

drugs or antibiotics are trending. One explicit query for symptoms of uti. 

 

Symptoms: (uti symptoms) 1 

Treatment: 0 
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Antibiotics: 0 

 

Terms related to tuberculosis in the U.S. 

 

 

These U.S. searches related to tuberculosis show “tuberculosis treatment” ranked 40, 

may result in pages with content related to antibiotics. Though it is more likely that 

treatment refers to the whole process of recovering rather than just the drugs that are 

involved. 

 

Symptoms: (tuberculosis symptoms, symptoms of tuberculosis) 2 

Treatment: (tuberculosis treatment) 1 

Antibiotics: 0 

 

Terms related to staphylococcus aureus in the U.S. 

 

 

Staphylococcus aureus that are resistant to methicillin are particularly well-known 

because it has caused serious problems. Streptococcus (55) is another bacteria and 
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“streptococcus aureus” (60) is not a documented species of streptococcus. Methicillin is 

the only antibiotic among the related searches. 

 

Symptoms: (staphylococcus aureus symptoms) 1 

Treatment: 0 

Antibiotics: (methicillin) 1 

 

Terms related to tonsillitis in the U.S. 

 

 

Antibiotics is online ranked 10. Tonsillitis can be caused by both viral and bacterial 

infection. 

 

Symptoms: (symptoms of tonsillitis, sore throat, swollen tonsils) 3 

Treatment: (tonsillitis treatment) 1 

Antibiotics: (antibiotics) 1 
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Terms related to chlamydia in the U.S.  

 

 

No searches contain antibiotics, though “treatment chlamydia” ranks 35. “symptoms of 

chlamydia” appears three times as a related search with rankings 100, 40 and 15. 

 

Symptoms: (symptoms of chlamydia, chlamydia symptoms women, chlamydia 

symptoms men, chlamydia signs, symptoms) 5  

Treatment: (treatment chlamydia) 1 

Antibiotics: 0 

 

Conclusion 
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The related searches of infectious disease provides some data on what those who search 

for these infectious diseases are concerned about. Looking at the seven tables, four 

related searches were about antibiotics, seven related searches were about treatment or 

remedy and 18 related searches were about the symptoms of the disease. 

4.3 Related searches to queries that may be connected to the 

acquisition of antibiotics online 

This group of searches are either possibly connected or likely connected to the 

acquisition of antibiotics online. In the former case, related searches that are more 

strongly linked to the online acquisition of antibiotics can strengthen the hypothesis that 

the search term itself is connected to the acquisition of antibiotics. In the latter case, 

related searches provides some information on whether the user intends to buy 

antibiotics with or without a prescription and also other things that are related to 

antibiotics on the world wide web. 

 

Terms related to “antibiotics online” globally (5 sep 2016) 
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“antibiotics online” is related to “buy antibiotics”. Thus it is likely that “antibiotics 

online” means the substance and how to buy it. If people are using Google to find 

general information about antibiotics it is more likely that they omit the “online” in their 

search, because it is obvious that they are looking for information online. If the 

intention is to buy antibiotics, then “online” is likely to mean “an alternative to a 

physical pharmacy”. The related searches are also revealing: many of them are related 

to acquiring antibiotics online.  

 

Number of terms related to acquisition of antibiotics: (buy antibiotics, online 

pharmacy antibiotics, order antibiotics online, get antibiotics online, buy amoxicillin, 

buy amoxicillin online, buying antibiotics online,  antibiotics for sale) 8 

Possibly related to acquisition of antibiotics: (online pharmacy, amoxicillin online, 

antibiotics online uk, antibiotics online canada) 4 

 

Terms related to “buy antibiotics” globally (6 sep 2016) 

 

 

Here we see “online antibiotics”, the permutation of the previous search. We also see 

“antibiotics without prescription”. A question that arises is why people would want to 

buy antibiotics without a prescription: are there economic reasons? Is it convenient? Do 
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they not trust the health care provider? UTI and chlamydia are the diseases among the 

related searches. Since chlamydia a STI, it is possible to imagine that people prefer to 

deal discreetly with it.  

 

Number of terms related to acquisition of antibiotics: (antibiotics to buy, buy 

antibiotics online, buy antibiotics uk, buy amoxicillin, antibiotics without prescription, 

buy azithromycin, buy amoxicillin online, buy doxycycline) 8 

Possibly related to acquisition of antibiotics: (online antibiotics, best buy, antibiotics 

online uk) 3 

 

Terms related to “buy antibiotics online” (17th October 2016) 

 

 

Number of terms related to acquisition of antibiotics: (buy amoxicillin online, order 

antibiotics online, buying antibiotics online) 3 

Possibly related to acquisition of antibiotics: (online pharmacy) 1 

 

Some related searches are similar, e.g. chlamydia, fish antibiotics, online pharmacy and 

there are new phrases related to acquiring antibiotics: “order antibiotics online” and 

“buying antibiotics online”. Amoxicillin is ranked highest among the related searches 

for “buy antibiotics online” and it ranks high among the related searches of “antibiotics 

online” and “buy antibiotics”. Amoxicillin is a popular search in both North and South 

America, but distinctly so in Mexico, Brazil and Chile. Outside North and South 

America, it is highly ranked in Russia, Spain, Iran and Australia, to name the more 

populous countries where “amoxicillin” has a high ranking. 
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Figure interest in amoxicillin by region (17th October 2016) 

 

The search “fish antibiotics” is related to “antibiotics online”, “buy antibiotics” and 

“buy antibiotics online”. Fish antibiotics can be of different sorts but the 

broad-spectrum antibiotic amoxicillin seems to be the most common. Fish antibiotics 

can be bought without a prescription. The way people speak about fish antibiotics or 

fish mox on the web indicates that human use is not uncommon. Since veterinary 

antibiotics may have an intended effect on humans, it follows that there are instances 

where people would be interested in buying them for personal use. Dog antibiotics also 

trends as a query related to “antibiotics online” and “buy antibiotics”. 

 

Terms related to “buy amoxicillin” globally (19th October 2016) 

 

 

Petsmart, ranked 5, is a pet supply chain in America. There are searches on the dosage 

of amoxicillin. Amoxicillin seems to be a common antibiotic for use on animals, i.e. 

“fish mox”.  
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Number of terms related to acquisition of antibiotics: (amoxicillin buy online, buy 

amoxicillin uk, buy amoxicillin 500mg, buy antibiotics online) 4 

Possibly related to acquisition of antibiotics: (antibiotics online, best buy) 2 

 

Terms related to “buy penicillin” globally (only trends in the U.S. 20th October 

2016) 

 

 

Antibiotics in general and amoxicillin is related to “buy penicillin”. The search “best 

buy” may apply for people with or without an antibiotics prescription. Penicillin VK is a 

sort of antibiotic commonly used to treat less severe infections. 

 

Number of terms related to acquisition of antibiotics: (buy penicillin online, buy 

antibiotics online) 2 

Possibly related to acquisition of antibiotics: (best buy) 1 
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Terms related to “get antibiotics” globally (21th October 2016) 

 

It is curious that “yeast infection” and “yeast infection antibiotics” are related to “get 

antibiotics”, since antibiotics is the antithesis of what one would want to get. However, 

it is popularly known that the use of antibiotics may trigger a yeast infection, thus it is 

not unexpected that queries about antibiotics are related to queries about yeast 

infections. 

 

Number of terms related to acquisition of antibiotics: (get antibiotics online) 1 
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Figure of related searches and their ranking. 

 

Conclusion 

The findings indicate that there is an online market for antibiotics and also that the 

intention to buy non-prescribed antibiotics on the web might not be uncommon. The 

search “get antibiotics” is related to “walgreens pharmacy”, the name of an important 

online pharmacy in America (11th October 2016).  

 

Fish antibiotics are related to all the tested searches and they are accessible in online pet 

stores. Not much can be said about the extent to which fish antibiotics are used by 

humans. The page hits on Google for “fish antibiotics” in 2016 shows the tendency to 

be discussions on human use rather than on the treatment of aquarium fish. 
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Specific sorts of antibiotics that appear in the searches are: amoxicillin, azithromycin, 

doxycycline, penicillin, metronidazole, cephalexin and natural antibiotics (presumably 

food items). Specific diseases that occur are chlamydia and uti (urinary tract infection), 

strep throat, tonsillitis, sinus infection and ear infection. 

 

Amoxicillin and doxycycline are broad-spectrum antibiotics that are used to treat a wide 

range of infections. Azithromycin is common for treating chlamydia, an infection that 

appeared as a trending related search to most of the searches featured in this section. 

Azithromycin is also used to treat other sexually transmitted infections. 

4.4 Press releases, conferences and awareness 

We can assume that reports of scientific findings in the area of antibiotic resistance, 

when they are distributed to a large audience, may inspire interest to search for terms 

that are related to this area of research, or numbers that are mentioned in a such a report. 

For example, we will see if an estimated number of deaths from antibiotic resistant 

bacterial infections mentioned in a report, is a search term that trends in connection to 

the release of this report. 

 

The AMR review of December 2014 mentions that 50.000 lives are lost each year to 

antibiotic resistant infections in Europe and the US. On Google Trends we can see that 

in the US, searches for “50000” ranked 65 in November 2014 and it increased in 

December, reaching the ranking of 81 by January 2015, followed by a brief drop in 

February. Such an ambiguous thing as a number does not allow solid inferences from an 

increase in its ranking on Google Trends. However, the fact that the term “50000” 

increased in the adjacent future of the report does not speak against the report having an 

influence on the increased ranking. The event of the release of the report seem to have 

had little impact on the ranking of “AMR review”, although there is a significant 

increase in its ranking from the day the report was released, December 11th (ranked 30), 

to the 12th (ranked 62), but then on the 13th, it drops to be ranked 35. 
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It was said that in 2050, the estimated number of deaths from AMR bacteria would be 

10 million per year worldwide. Globally, the term “10000000” had an increase from 

ranking 56 in December to 60 in January and 71 in February. In the US “10000000” 

was unchanged at ranking 60 from November to December 2014, increased to 64 in 

January and decreased to 60 in February 2015. It can be expected that such a report 

would get most of its attention the weeks following its release, especially since this is a 

report that at least a few big newspapers wrote about it.  

 

Globally, in late 2014 and early 2015, following the release of the report, “10 million” 

had the ranking November: 59,  December: 54, January: 55, February: 62. In the U.S.A. 

the term had the ranking November: 46, December: 42, January: 44, February: 51. In 

the this period, the popularity of  “10 million” is centered to the western and eastern 

ends of the U.S. and Texas, while the popularity of “10000000” is more geographically 

distributed. 

 

The figure shows the popularity of  “10 million” (blue) and “10000000” (red) in the 

U.S. It is easier to spell a number such as this than to write the digits, which explains 

that the former way is more popular. 

 

UN meeting on antibiotic resistance 21st September 

“On 21 September 2016, the President of the UN General Assembly convenes an 

one-day high-level meeting at the UN Headquarters in New York on “Antimicrobial 

Resistance“, with the participation of Member States, non-governmental organizations, 

civil society, the private sector and academic institutions, in order to provide input.” 

This is an announcement of the meeting, which was the first UN meeting on AMR at 

such a high level. 
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“antibiotics”: [19th: 93, 20th: 96, 21st: 98, 22nd: 94, 23rd: 100, 24th: 84] in September. 

The numbers suggests that the UN meeting had an influence on the search ranking on 

this term. 

 

“antibiotic resistance”:[18th: 37, 19th: 68, 20th: 75, 21st: 89, 22nd: 74, 23rd: 63, 24th: 

53, 25th: 50, 26th: 83, 27th: 92] in September. There is an increase in the ranking of the 

term in the days adjacent to the UN meeting, suggesting that the meeting had an effect 

on the ranking. 

 

“700000”:[19th: 83, 20th: 62, 21st: 65, 22nd: 78, 23rd: 100] in September. The number 

was mentioned by the newspaper The Guardian, September 21st, in an article about the 

UN meeting on antibiotic resistance. The subtitle of the article is “All 193 UN member 

states have agreed to combat the proliferation of drug-resistant infections, estimated to 

kill more than 700,000 people each year”. 

 

“antimicrobial resistance”:[16th: 61, 17th: 20, 18th: 41, 19th: 55, 20th: 75, 21st: 100, 

22nd: 92, 23rd: 63, 24th: 33] in September. 

 

Figure antimicrobial resistance 30 Aug. -- 30 Sep. 

 

“On current trends, a common disease like gonorrhea may become untreatable” said 

WHO director general Margaret Chan. Gonorrhea was also mentioned in a WHO news 

report as “increasingly becoming untreatable because of AMR.”  

 

“gonorrhea resistant”:[19th: 31, 20th: 63, 21st: 96, 22nd: 43, 23rd: 67] in September. 

There is a peak in September 21st, suggesting that media gave attention to the topic. 
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Margaret Chan’s quote on gonorrhea appeared in a news article from The Guardian, 

released early in the morning of September 21st, British time. If we look at the trend 

locally in Great Britain, between 2nd of September and 29th of September, there are 

two peaks in this period: on the 5th “resistant gonorrhea” ranked 86 and on the 25th it 

ranked 100. All the other days in this period it ranked 0 in Great Britain. 

 

Resistant tuberculosis was also mentioned in the WHO news report. 

“resistant tuberculosis”:[17th: 65, 18th: 25, 19th: 36, 20th: 75, 21st: 22, 22nd: 44] in 

September. “resistant tb”:[17th: 58, 18th: 33, 19th: 58, 20th: 96, 21st: 58, 22nd: 59, 

23rd: 82, 24th: 46, 25th: 85] in September. 

 

“resistant pneumonia”, which is also mentioned in the same WHO news report, does not 

have enough data on Google. 

 

“un meeting”:[17th: 27, 18th: 55, 19th: 86, 20th: 72, 21st: 100, 22nd: 72, 23rd: 56, 24th: 

40, 25th: 37] in September. 

 

 

Figure un meeting 1 Sep. -- 29 Sep. 

 

The trending of “un meeting” shows a connection to the un meeting (21st September). 

Though the search is not explicitly about AMR, which would not be possible to discern 

in this way, it is evident that this trend was affected by the UN meeting on AMR. 
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5. Discussion 

The research question is to see what search query trends can tell us about antibiotic use 

and misuse, and secondly, what they can tell us about antibiotic resistance public 

awareness. The underlying question, which should be answered first, is whether search 

query trends, in the case of Google Trends, can tell us anything about antibiotic use and 

misuse. The answer to this is affirmative and the argument is that there are cases where 

trends do strengthen hypotheses, or allows us to form hypotheses on antibiotic use and 

misuse. However the absence of trend data does not weaken certain hypotheses about 

the behaviour of Google’s users, since there can exist a significant amount of searches 

on an important topic, that still do not have enough popularity to be considered a trend 

by Google. The absence of data only means that we cannot strengthen such hypotheses 

by using Google Trends at this date. Since in some cases it is possible to do a close to 

exhaustive survey of a topic, that should mean we can prove the uselessness of Google 

Trends for researching a topic (this endeavour would probably be unecessary to 

undertake). It is not unexpected to find that Google Trends can be useful in 

strengthening hypotheses on antibiotics use and misuse. 

 

The intention of the individual user of Google Search is obscure and is subject to careful 

speculation. Such careful speculation means being conscious about ambiguity of 

searches, being aware of the fact that if a correlation is found between a trend and an 

event (e.g. a conference) the trend might be caused by other factors than those assumed. 

The event may have a lesser or greater influence on the trend than estimated depending 

on how well the other factors that cause people to search for that trend are known..  

 

The search “fish antibiotics” is ambiguous, but there are still not a multitude of 

interpretations to take into account: a person is looking to buy them or to get 

information about them. If the user intends to self medicate or to use them for their 

aquarium is not possible to tell from the search itself. Related searches can helpful in 

analyzing the intentions, e.g. if the users search for lyme disease and fish antibiotics in 

the same session. 
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The second research question, concerning what search query trends can tell us about 

antibiotic resistance awareness, is also illuminated by some examples. Ficetola (2013) 

argued that the public awareness of environment conservation might not have decreased 

over the years, despite the downward trend of searches related to environment 

conservation since the launch of Google Trends, 2004. Ficetola (2013) explains that 

there are other probable causes that influences the decrease in such searches that exhibit 

awareness of environmental issues, it is argued that the increase of leisure related topics 

over the years have contributed to a decrease of the relative ranking of science related 

topics. 

 

In regards to the feasibility of understanding public awareness of antibiotic resistance 

(e.g. public awareness of events related to antibiotic resistance) by using Google 

Trends, it can be said with a certain confidence that it is possible. Searches of things 

that were mentioned in media in connection the UN meeting on antibiotic resistance in 

September 21st had trends which in most cases did not speak against that the media 

attention of the UN meeting had the effect of increasing the number of 

antibiotics-related searches. No major spikes in comparison to the pattern exhibited by 

the trends in the previous months, were found in connection to the meeting. 

 

Reflexions on collecting data from Google Trends 

Google Trends limits the user to only see terms that have enough searches. If the limit 

of searches for a term were much smaller, it would be venturous to say that the term is 

really trending, because even if the term can be observed, seemingly increasing or 

decreasing in popularity, there is not enough data to support that the trend is statistically 

interesting. 

 

The English language has the greatest coverage of trending Google terms that are 

related to antibiotics, resistance, infectious disease and scientific news related to the 

same subjects. This is not surprising, since on a global level, people may use English in 

search queries, either as their first choice or as a second choice when the results of a 

query in another language are disappointing. The USA is a geographic area that alone 
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covers most of the relevant terms that appears as trending globally. The US is a 

populous country and it is also technologically and scientifically advanced, and hosts a 

large number of scientific institutions, which can contribute to the quantity of these 

search queries. 
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6. Conclusion 

This thesis has explored Google Trends as a tool for surveying antibiotic use and misuse 

and also for surveying the awareness of events related to antimicrobial resistance. Such 

information is important in understanding how to take action against antibiotic 

resistance.  

 

The findings indicate that there is an online market for antibiotics and that the intention 

to buy non-prescribed antibiotics on the web might not be uncommon. Searches that are 

connected to buying antibiotics are often linked to each other on Google Trends as 

related searches, i.e. searches that are made in the same session and this strengthens the 

hypothesis that those searches are related to buying antibiotics. The related searches of 

infectious disease provides some data on what those who search for the featured 

infectious diseases are concerned about, which to some extent includes antibiotics. No 

trends related to the searches on the infectious diseases that were featured indicated 

misuse of antibiotics. 

 

 It is probable that greater events about antimicrobial resistance has an effect on search 

trends that are related to such events (e.g. searches for its name or its host) or the topic 

of such an event. The results, though difficult to accurately interpret because of 

ambiguities, do not speak against it. Google Trends is a powerful tool for finding large 

scale patterns in big populations, but it is not a sufficient tool for understanding details 

of individual behavior or thought process. Considering that it requires a significant 

amount of individual searches for a specific search to show on Google Trends, anything 

that shows has a significant popularity. 
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6.1 Future research 

There are more searches that can be explored on Google Trends that may give relevant 

information on public behavior that affects AMR and public awareness of AMR. The 

same searches can also be tested in the future, when trends might have changed. Other 

things that might change in the future is the amount of searches in other parts of the 

world. This project focused on global and U.S. trends because these regions had more 

relevant data. Google Correlate is also a tool that has capabilities if there are time series 

that can be tested. 
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Appendix 

Google Correlate 

With Google Correlate, a time series can be uploaded and correlated with a search 

whose trend matches the pattern of the uploaded time series. 

 

Looking at the terms that correlate with “ear infection”, “amoxicillin” shows the highest 

correlation, 0.9811 (United States, comparing weekly times series). With only a few 

exceptions, most of the searches that correlates significantly with “ear infection” are 

related to health, the body or the treatment. Google Correlate shows results with a high 

correlation coefficient (above 0.95). As the chart below illustrates, the two variables 

correlate closely. 

 

 

Figure: correlation between ear infection and amoxicillin, coefficient: 0.9811 
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A conclusion that can be drawn from Google Correlate’s data is that we can expect a 

future correlation between ear infection and amoxicillin because of the strong 

correlation that has been exhibited since the start of measurement, which was year 2004. 

 

Terms correlated with amoxicillin 

0.9876 mucus 

0.9838 sore throat 

0.9823 best medicine 

0.9814 chills 

0.9811 ear infection 

antibiotics 

sinus infection cause 

what to take for 

chest hurts 

tonsils 

best antibiotics 
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