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Abstract

An investigation of aspects affecting availability and
grading of high-risk antibiotics in Sweden. Group 3

Samira Hilowle Viktor Karlsson Gustaf Kåreceus Isabell Lindahl

The aim of this report is to investigate aspects affecting
availability and grade high-risk antibiotics in Sweden. 10
antibiotics out of 39 antibiotics compiled by the Swedish Public
Health Authority were studied according to the factors; class
(based on chemical structure), industrial production process,
number of API manufacturers found, the geographic location of the
API manufacturers, number of MAH found in Sweden, number of MAH
found in the EEA, number of backorders in Sweden, total length of
backorders, currently not provided in Sweden (Number of MAH),
assumed profitability per product, uncertainty in annual sales
volume (relative standard deviation), uncertainty in annual sales
(relative standard deviation), average sales (High/Low) and lastly
parallel import to Sweden. The same factors were studied for the
remaining 29 antibiotics by group 1 and 2 in order to compile a
final grading with the parameters high, medium and low. A grading
system was constructed to facilitate the grading system. It
resulted in nine antibiotics graded high, 23 antibiotics graded
medium and lastly seven antibiotics were graded low. Also, out of
the nine antibiotics formulated as tablets, five were graded as
high. This drew the conclusion that a correlation between highrisk antibiotics and 
tablet formulation could be made. Another
correlation made was that beta-lactam antibiotics were
overrepresented in the antibiotics rated as high. There was also a
slight overrepresentation of antibiotics formulated as
injection/infusion in the low-risk category. A few limitations
occurred during the process of the project such as the research
for API manufacturers only included the ones approved in the EEA
and the U.S. The grading of the antibiotics assigned to Group 1
and 2 was based only on the tables received from these groups,
excluding additional details that may have affected the final
grading. Nevertheless, the project conceived variation in the
result previously compiled by the Swedish Public Health Authority.
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Abbreviations and glossaries 

API: Active Pharmaceutical Ingredient  

EEA: European Economic Area  

EMA: European Medicine Agency  

FASS: Farmaceutiska Specialiteter i Sverige 

FDA: U.S. Food and Drug Administration 

GMP certificate: Good Manufacturing Process certificate  

MAH: Market Authorization Holder 

RSD: Relative Standard Deviation  

US: United States of America 
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1. Introduction 

1.1 Background 

Bacterial infections are very common and can usually be treated with common antibiotics. But 

since bacteria act differently and attacks different parts of the human body, specific antibiotics 

are therefore needed to prevent and treat uncommon types of infections. However, there is a 

growing problem with shortage of antibiotics, which can be fatal for people infected by life-

threatening bacteria. This shortage also increases the amount of antibiotic-resistant bacteria 

because other more common antibiotics has to be used as substitutes, which also results in an 

overuse of antibiotics (Folkhälsomyndigheten, 2017). 

 

Due to the problem with shortages of antibiotics PLATINEA was formed. PLATINEA is a 

project between partners from academia, authority, industry and healthcare, with an aim to 

improve accessibility and use of antibiotics. PLATINEA is divided into five work packages 

(WP), each focusing on different problems with the use of antibiotics. This project is assigned 

by PLATINEA and is working specifically with WP 4, in which the aim is to identify risks 

with the delivery chain of antibiotics. This is done by analyzing where, how and who is 

responsible for manufacturing the Active Pharmaceutical Ingredient (API) and who is the 

Market Authorization Holder (MAH) for each antibiotic.  

 

This report covers 39 antibiotics which are estimated to have a higher risk of shortage in 

availability according to Swedish doctors (Folkhälsomyndigheten, 2017). For this project, three 

groups were each assigned a number of antibiotics, from the previously mentioned 39 

antibiotics, to assess and investigate. This report is written by group 3 which researches  ten of 

these antibiotics and display  a table with results pertaining to various factors affecting 

availability for each of the ten antibiotics The ten specific antibiotics assessed and analyzed 

are; tobramycin 10mg/ml, tobramycin 40 mg/ml, gentamicin, erythromycin, linezolid, 

teicoplanin, amoxicillin, vancomycin, ertapenem and clindamycin. Furthermore, reports 

written by group 1 and 2 researched the remaining 29 antibiotics and displayed tables with the 

same factors but for different antibiotics. The results from the three reports are later compiled 

to create the final grading of all 39 antibiotics. Furthermore, a grading system is created to 

grade, compare and evaluate the antibiotics. The grading system is used to grade all 39 



Självständigt arbete i kemiteknik 15 HP       

Uppsala Universitet 

3 

antibiotics as low, medium or high risk of disappearing from the Swedish market. The three 

reports written by group 1, 2 and 3 show individual grading and grading systems.  

 

The major obstacle when studying these antibiotics and identifying the delivery chain is that a 

lot of information is considered to be trade secrets, which leads to a lack of reliable sources.  In 

order to predict the risk of accessibility for specific antibiotics, the factors that must be 

investigated and graded  are; Class, Production process, the amount of API manufacturers and 

their geographic location (catastrophic and geopolitical), MAH in Sweden and in the EEA, 

backorders and their length, MAHs currently not provided in Sweden, assumed profitability, 

uncertainty in annual sales, average sales and parallel import.  

1.1.1 Production process 

The production process of active substances of antibiotics currently on the market are 

fermentation, semi-synthesis and chemical synthesis (EMA, 2012). Fermentation is a process 

where microorganisms grow in containers holding roughly 150,000 litres containing growth 

promoting liquid. In order for the active substance in question to grow to its full potential, 

parameters such as concentration, temperature, oxygen concentration as well as the nutrients 

must be monitored thoroughly. When the process is completed, the active substance is then 

purified through crystallization to a crystalline product (Chowdury, 2012). Semi-synthesis is a 

process where chemical modification of natural antibiotics occur to optimize current medical 

products. This may imply that fermentation has occurred as a previous step (Kalant, 1965). 

Purely synthetic drugs are just as the name suggests, the drug is chemically synthesized 

initially.  

 

Fermentation processes, when compared to purely synthetic processes, are less predictive and 

controllable since sterile conditions are imperative when microorganisms are involved, also 

fermentation allows for more complex impurity profiles of an active substance to occur. Purely 

synthetic processes on the other hand do not need as complex equipment and also requires a 

less controlled environment. For that reason, a purely synthetic process may be preferred when 

possible, the reason being its simplicity and from an economic standpoint. However, it is 

imperative to mention that a purely synthetic process can be near impossible for some complex 

molecules (EMA, 2012). Subsequently, the production processes of the specific antibiotics that 

are being analyzed for risk in accessibility is of interest. 
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1.1.2 The number of API manufacturers and their geographical location  

The number of API manufacturers is thought to be a contributing factor to the risk of an 

antibiotic being rendered unavailable to the market. There are several reasons to why a 

manufacturing plant stops producing a specific, or all, APIs for that plant. These include 

accidents, economic reasons and withdrawal of manufacturing-license, among others. When 

there are very few, or even just one, manufacturer of a specific antibiotic, the risk that one of 

these events causes the antibiotic in question to be unavailable increases. Examples of this 

happening in the past shows that it alone can cause periods of unavailability 

(Läkemedelsverket, 2017). The geographical location of the API manufacturers is of interest 

for this reason as well. If the corruption, or the risk of natural disasters, is high, the possibility 

that the previously mentioned events may occur increases. 

1.1.3 The number of Market Authorization Holders (MAHs) in Sweden and the 

EEA 

The number of MAHs is thought to contribute to the risk in a similar way as the number of API 

manufacturers. If only one company provides the antibiotic in question the risk of it becoming 

unavailable increases. Countries within the EEA have separate national medicine agencies for 

the approval of medicines. However, countries within the EEA have a common regulatory 

system for the production of pharmaceuticals and APIs (EMA, 2018).  

1.1.4 Backorders  

Irregular demand may affect the accessibility of antibiotics. The demand of specific antibiotics 

may increase for a period of time, which may result in shortages in supplies thus making the 

antibiotic unattainable. However, with the help of a collected list of pending, ongoing as well 

as terminated backorders of medical products compiled by the Swedish Medical Products 

Agency, one can obtain information on whether specific medical products have been 

backordered because of shortages in supplies. Furthermore, through such information one can 

predict whether the risk of   accessibility of the medical products depends on supply shortages 

(Läkemedelsverket, Restnotering, 2019).  

1.1.5 Currently not provided in Sweden  

That a drug is not currently provided in Sweden can be due to various reasons. There might be 

a delay between the point at which a company stops selling an antibiotic and the point at which 

https://paperpile.com/c/My9Ifh/6kZq
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the approval by the Swedish Medical Products Agency is deactivated. During this period of 

time, the drug is classed as “Currently not provided in Sweden”. 

Another reason may also be that a company that provides similar products may decide to start 

selling an improved product and therefore stops providing one that they have previously 

provided.  

1.1.6 Assumed profitability 

Members of PLATINEA have theorized that assumed profitability could be a contributing 

factor to the risk of an antibiotic being rendered unavailable. Meaning, a company might stop 

selling an antibiotic due to low profitability. 

1.1.7 Uncertainty in annual sales  

Members of PLATINEA have theorized that uncertainty in annual sales could be a contributing 

factor to why a company stops selling a specific antibiotic. This theory is based on the idea that 

it is hard to manage production and supply of an antibiotic which has an unstable demand. 

1.1.8 Average sales 

While evaluating an antibiotic the average sales has to be calculated. This is used to give a 

good estimation of the market for each antibiotic, if the average sale is high that also means 

that the market is large. This affects the profitability for the product and therefore makes the 

product less likely to be withdrawn from the market. 

1.1.9 Parallel import  

Some of the antibiotics mentioned in the report may be parallel imported into Sweden. To 

parallel import a medical product, infer that drugs within the European Economic Area (EEA) 

are being sold on the Swedish market, which is made possible because of the free internal 

market between the member states of the EEA. Nevertheless, it is the Swedish Medical 

Products Agency who has decided that medical products which are not sold in the Swedish 

market may be parallel imported if necessary (Läkemedelsverket, Parallellimport, 2019). 

 

A high amount of parallel imported drugs is not always considered favorable for a drug with a 

few amounts of API manufacturers. Reason being that parallel importation factually infer that 

it is different distributors who likely purchase from the same API manufacturer. This entails, 
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that if the risk of availability is highly based on a low amount of API manufacturers, it may not 

be negated by a high amount of parallel imported drugs (FASS, 2017). However, a back ordered 

drug may be solved with the help of parallel imported drugs, if the drug itself exist in stock 

with the parallel importer (FASS, 2017).   

1.2 Aim  

The aim of this report is to investigate aspects affecting availability and grade specific high- 

risk antibiotics. In order to predict and prevent the risk of accessibility of specific antibiotics, 

the aspects have to be identified, analyzed and graded.  
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2. Method 

To be able to grade the risks of accessibility for the ten specific antibiotics mentioned in the 

introduction, 14 potential risk factors were studied. The 14 risk factors as previously mentioned 

are; Class (based on chemical structure), Production process, Number of API manufacturers 

found, Geographic location of the API manufacturers, Number of MAHs found in Sweden, 

Number of MAHs found in the EEA, Number of backorders in Sweden, Total length of 

backorders, Currently not provided in Sweden (Number of MAHs), Assumed profitability per 

product, Uncertainty in annual sales volume (RSD), Uncertainty in annual sales (RSD), 

Average sales (High/Low) and lastly Parallel import. The risk factors were chosen based on 

reasoning in cooperation with project supervisors as well as project members in group 1 and 

group 2. All the factors were studied and analyzed, for each of the specific antibiotics.  

 

The research has solely been conducted on different relevant websites and databases. The 

website www.fass.se was used to determine Class, Number of MAH in Sweden, Currently not 

provided in Sweden, Parallel import as well as indications for treatment. The websites 

www.eudragmdp.ema.europe.com and www.fda.gov were used to determine the Number of 

API manufacturers and API manufacturers geographic location. The website 

www.eudragmdp.ema.europe.com includes the number of API manufacturers that have 

achieved the requirements for GMP certificates (Good Manufacturing Practice) and are thereby 

approved to distribute their products to countries that are members of the EEA. Furthermore, 

the website www.fda.gov was used to complement the number of API manufacturers. On 

www.fda.gov one can find the number of API manufacturers that are distributing their products 

to the US market. Moreover, on www.lakemedelsverket.se there is a list of all medicinal 

backorders in Sweden that was used to determine “Number of backorders in Sweden and Total 

length of backorders. To determine the Number of MAHs in EEA a list called Article 57 found 

on www.ema.europa.eu was used since it’s a collating list of all the MAHs within the EEA. 

The factors Uncertainty in annual sales volume (RSD) and Uncertainty in annual sales (RSD) 

were calculated as the relative standard deviation (RSD) of the total annual sales and standard 

units of the different antibiotics from year 2013 to year 2018. Furthermore, the Average sales 

(high/low) were calculated and determined to high or low based on if the average sales were 

more or less than a specific value. The sales statistics were provided by the project supervisor. 

The factor Assumed profitability per product was settled as medium, low or high based on 

whether the antibiotic was patented and the type of production process. If the antibiotic was 
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patented, the profitability per product was assumed to be high despite the production process. 

A synthetic production process led to the assumption that profitability is medium whereas a 

semisynthetic production process led to the assumption that it is low, as well as fermentation.   

 

The different antibiotics that are included in this project comes in different formations, for 

example as a salt or as the pure molecule. Due to the different formations an asterisk was added 

after the name of the active substance in the search bar at the website 

www.eudragmdp.europa.com. The result then showed the companies that manufacture the 

wanted API but also the companies that, for example, only distribute the API further or 

manufacture a reformation of the API, by for example synthesizing it to a salt. Thereby may 

the primarily search result set a scene of a multiple number of actual manufacturers. A further 

investigation and examination of the exact processes that takes place at the specific 

manufacturing sites were made. Afterwards the companies that as a matter of fact does not 

manufacture the API were not included in this report. This further research and sorting were 

necessary for every antibiotic. Figure 1 is an illustration and a clarification of the sorting that 

was made on Eudra GMDP. 

 

Figure 1. Illustration of the necessary further research and sorting amongst the search results at 

www.eudragmdp.ema.com.  
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When all the information was gathered it was compiled in a table. Afterwards a grading system 

based on the different risk factors was constructed, see Table 1, where the points increase with 

the risk. The production process doesn’t ́t need to have its own category in the grading system 

since its influence on the risk of accessibility has already been included in the factor Assumed 

profitability per product. Integration of the grading system on Table 2 and Table 3 led every 

antibiotic to receive an individual number of points. The final grading was made based on the 

total score of points received from the scoring table, more points means higher accessibility 

risk. The limits for the risk assessments were made by calculating the mean and the standard 

deviation of all the antibiotics. The limit for the low risk rating was set to one standard deviation 

below the mean, and the limit for the high-risk rating was set to one standard deviation above 

the mean. 
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 Table 1. Grading system for grading of the risk of accessibility for specific antibiotics. The points 

increase with the risk.  

 

  Risk factor  Scale  

Points (maximum 

100) 

1. 
Number of API 

manufacturers found 

1 → 3 20 

4 → 6 10 

 ≥ 7 0 

2. 
API manufacturers 

geographic location* 

Corruption: 

0 → 40  2 

41 → 70  1 

71 → 100 0 

 Natural disaster: 

≥ 10  2 

5 → 9,99  1 

0 → 4,99  0 

Total: 

2 → 4  10 

1 → 1,99  5 

0 → 0,99 0 

3.  
Number of MAH found in 

Sweden 

1 5 

> 1 0 

4. 
Number of MAH found in 

EEA 

1 → 3  10 

4 → 6  5 

7 → < 7  0 

                        Weeks 

5. 
Backorders: total duration in 

weeks** 

≥ 21 10 

≤ 20  5 

0 0 

6. 
Currently not provided in 

Sweden (number of MAH) 

1 10 

0 0 

7. 
Assumed profitability per 

product 

Low 10 

Medium 5 

High 0 

                            % 

8. 

Uncertainty in annual sales 

volume (RSD) & Uncertainty 

in annual sales (RSD)*** 

≥ 50  10 

10 → 49,99 5 

0 → 9,99 0 

9. Average sales (High/Low) 
Low 10 

High 0 

10. Parallel import 
> 1 5 

≤ 1 0 
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* The total score for the risk factor API manufacturer geographic location has two factors 

incorporated, namely corruption and natural disaster which were determined separately. And 

primarily they gave separate points based on the scoring table and were later added together to 

get the total point(s) for the country. This was done for every country with an API 

manufacturing site. The grade of corruption was received from a map index called “Corruption 

perceptions index 2018”, see Figure 2 (Transparency International e. Vn.d.) and the risk 

number for natural disaster was received from a map index called “How High is the Risk to 

Become a Victim of a Natural Disaster: World Risk Index”, see Figure 3 (Gómez n.d.,2014). 

If there was a country that had more than one manufacturing sites for the same API then the 

points from corruption and natural disaster were added and then multiplied with number of 

manufacturers in that country. Lastly all the points for all the different countries were added 

and divided by the total number of API manufacturers found for the specific antibiotic.  

 

** The time of analysis for backorders is between February 2018 and May 2019.  

 

*** The numbers in the two columns Uncertainty in annual sales volume (RSD) and 

Uncertainty in annual sales (RSD) are added together and then divided by two to get an average 

value which the number of points were based on. This was done for every antibiotic.  

 

Figure 2. Corruption perceptions index 2018 that was used in 

the scoring table to get a number based on the corruption in various countries (Transparency 

International e. Vn.d.).  
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Figure 3. “How High is the Risk to Become a Victim of a Natural Disaster: World Risk Index” used in 

the scoring table to get a number based on the risk factor of natural disasters in various countries 

(Gómez n.d.,2014).  

 

The API manufacturers geographic location has a significant impact on the general 

accessibility risk for specific antibiotics. The accessibility risk depends on the economic 

credibility and risk for natural disasters. The accessibility risk decreases if the manufacturing 

of an API takes place in for example an EEA-country due to stable political and trade 

agreements which leads to high economic credibility and low corruption. The accessibility risk 

increases if the manufacturing of an API takes place in a country with a higher corruption index 

since the economic credibility is uncertain. Moreover, certain parts of the world have a higher 

risk of natural disasters to occur, disasters like earthquakes and tsunamis. The natural disasters 

take place where the lithospheric plates move in relation to each other (SGU, 2018).  

Furthermore, the accessibility risk increases if a manufacturing site of various API is stationed 

in a country that is at a higher risk for natural disasters. For example, an earthquake could cause 

such severe damage to a manufacturing site that it would stop the production for a period of 

time. Additionally, the accessibility risk decreases if a manufacturing site is stationed in a 

country that is at lower risk for natural disaster.  
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3. Results  

The results are divided in three sections. First section (3.1) is a presentation and a review of 

the results pertaining to the factors mentioned in the introduction, for each of the ten specific 

antibiotics that were assigned to group 3. The second section (3.2) contains two tables (Table 

2 and Table 3) which are both a summary of the results of the selected factors for the ten 

assigned specific antibiotics. Lastly section three (3.3) contains two tables (Table 4 and Table 

5) and displays the final grading of both the 10 antibiotics analyzed in this report (written by 

group 3), as well as the 29 antibiotics analyzed by the other two groups (group 1 and group 2) 

involved in this project. 

3.1 The specific Antibiotics  

3.1.1 Tobramycin 10 mg/ml  

Tobramycin is a solution of injection containing 10 mg/ml of the active substance (FASS, 

Tobramycin, 2016). Furthermore, tobramycin is an antibacterial aminoglycoside whose 

industrial production process is fermentation (Assets Thermofisher, 2016). Indications for 

treatment with tobramycin 10 mg/ml are infections of a more severe kind that emanates from 

the intestine, the urinary tract, lungs and intra-abdominal infections (FASS, Tobramycin, 

2016). 

 

The number of API manufacturers found are five and they are; Teva Pharmaceuticals Ltd 

located in Hungary, Biovet AD located in Bulgaria, Chongqing Daxin Pharmaceuticals 

Companies Ltd and Livzon Group Fuzhou Fuxing Pharmaceutical Co Ltd which are located in 

China and lastly Xellia Pharmaceuticals APS which is located in Denmark 

(EudraGMDP)(FDA, 2019). Tobramycin 10 mg/ml has one MAH in Sweden namely Meda 

AB or Mylan AB nowadays, and six MAHs in Europe (FASS, Tobramycin, 2016).  

 

Tobramycin 10 mg/ml has not been backordered in Sweden (Läkemedelsverket, 

Restnoteringar, 2019) but it is currently not provided in Sweden by Mylan AB. The profitability 

per product is assumed to be low since its production process is fermentation and is not 

protected by a patent. Additionally, the uncertainty in annual sales volume is 51,71%, 

uncertainty in annual sales is 50,24% and the average sales are low. Lastly tobramycin 10 

mg/ml has two parallel import drugs available in Sweden (FASS, Tobramycin, 2016).  
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3.1.2 Tobramycin 40 mg/ml  

Tobramycin is a solution of injection containing 40 mg/ml of the active substance (FASS, 

Tobramycin, 2016). Furthermore, tobramycin is an antibacterial aminoglycoside which 

industrial production process is fermentation (Assets Thermofisher, 2016). Indications for 

treatment with tobramycin 40 mg/ml are the same as for Tobramycin 10 mg/ml. as well as the 

number of API manufacturers. Tobramycin 40 mg/ml has one MAH in Sweden namely Meda 

AB or Mylan AB nowadays, and ten MAHs in Europe (FASS, Tobramycin, 2016) (EMA, 

2018).  

 

Tobramycin 40 mg/ml has not been backordered in Sweden (Läkemedelsverket, 

Restnoteringar, 2019). The profitability per product is assumed to be low since it is produced 

through fermentation and is not protected by a patent. Additionally, the uncertainty in annual 

sales volume is 43,39 %, uncertainty in annual sales is 9,68% and the average sales are low. 

Lastly tobramycin 40 mg/ml has two parallel imported drugs available in Sweden (FASS, 

Tobramycin, 2016).  

3.1.3 Gentamicin 

Gentamicin is an aminoglycoside produced through fermentation (eudraGMDP, 2019). It is 

used to treat serious infections in the lungs, urinary tracts or colon as well as intra-abdominal 

infections and endocarditis (FASS, Gentamicin, 2018). The drug formulations that are analyzed 

are injection and infusion. 

 

There are six API manufacturers in total for gentamicin, four of which are approved in the 

EEA. These are Yantai Justaware Pharmaceutical and Fujian Fukang Pharmaceutical in China, 

LEK farmacevtska družba in Slovenia and SIC Borshchahivskiy Chemical in Ukraine 

(EudraGMDP, 2019). Four API manufacturers are approved by the FDA. Two of these, Fujian 

Fukang Pharmaceutical and LEK Farmacevtska Družba are also approved in the EEA. The 

remaining two are ACS Dobfar Spa in Italy and Livzon Group Fuzhou Fuxing Pharmaceutical 

in China. 

  

Gentamicin is sold by one MAH in Sweden, Sanofi AB. Their injection solution is 40 mg/ml 

and goes by the name Gensumycin. There are 31 MAHs in Europe and two parallel imported 
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to Sweden, Ebb Medical and Orifarm. The product by Orifarm is however currently not 

provided (FASS, Gentamicin, 2018). 

 

Gentamicin products for injection/infusion has not been backordered in Sweden 

(Läkemedelsverket, Restnoteringar, 2019). 

 

It has a low assumed profitability since it is produced through fermentation and is not protected 

by a patent. The uncertainty in annual sales volume is 9,30% and the uncertainty in annual sales 

is 13,26%. The average annual sales are high. 

3.1.4 Erythromycin  

Erythromycin is a macrolide antibiotic produced through fermentation (Minas, W. 2008). It is 

used to treat pneumonia and urogenital infections caused by chlamydia and mycoplasma. It is 

also used as an alternative to penicillin when treating a range of other infections in patients 

with a hypersensitivity to penicillin (FASS, Erythromycin, 2017). The drug formulation that is 

analysed is oral suspension. 

  

In total nine API manufacturers were found. Seven that were approved in the EEA. These were 

HEC Biochem and Xi’an Lijun Pharmaceutical in China, Tarchomińskie Zakłady 

Farmaceutyczne in Poland, AbbVie in the US, Anuh Pharma in India, SM Biomed in Malaysia 

and SIC Borshchahivskiy Chemical in Ukraine (EudraGMDP, 2019). Four API manufacturers 

are approved by the FDA. Among these are SM Biomed and AbbVie. The additional two are 

Ercros in Spain and Alembic Pharmaceuticals in India. Worth to note is that Alembic is counted 

as one API manufacturer, but they have three facilities for API production. They are all located 

in India, two in Panelav and one in Karakhadi(Alembic Pharmaceuticals, 2019). They were 

counted as one as we were unable to conclude that all three locations produced erythromycin. 

  

Erythromycin in the form of oral suspension is sold by one MAH in Sweden, Mylan. It’s sold 

under the name Ery-Max. They sell two variants of the product, sachets or bottled, both 100 

mg/ml. There are seven MAHs in Europe. (FASS, Erythromycin, 2017). It has not been 

backordered since the documentation started (Läkemedelsverket, Restnoteringar, 2019). 

  

http://paperpile.com/b/My9Ifh/iXne
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It has a low assumed profitability since it produced through fermentation and is not protected 

by a patent. The uncertainty in annual sales volume is 6,45% and the uncertainty in annual sales 

is 13,33%. The average annual sales in Sweden are low. There is no parallel import of 

erythromycin as oral suspension (FASS, Erythromycin, 2017). 

3.1.5 Linezolid  

Linezolid is an antibiotic which can be given as a tablet, injection or as granulat for oral 

suspension. This report covers the use of granulate for oral suspension with a concentration of 

20 mg/mL (FASS, Linezolid, 2017). Linezolid is an oxazolidinone antibiotic, which means it 

contains nitrogen and oxygen in a 5-membered ring (Clemett D, Markham A, 2000), and is 

produced through synthesis (Perrault R. W., 2008). The antibiotic is used for treatment of 

complicated skin- and soft tissue infections caused by gram positive bacteria. However, is 

linezolid only used as a “last resource” when other antibiotics such as phenoxymethylpenicillin 

and amoxicillin prove to show no effect (Hedlund J., 2018). 

 

There is today 25 API Manufacturers, three of these are located in Europe: Unión Químico 

Farmacética in Spain, Synthon in Czech Republic and Krka in Slovenia. There are three API 

manufacturers in the US, which are Albemarle Corp, Lamas Laboratories and Pharmacia & 

Upjohn. The rest of the API manufacturers are located in Asia. These are Formosa Laboratories 

in Taiwan, Zhejiang Neo Dankong Pharmaceutical, Zhejiang Hisun Pharmaceutical in China, 

Lee Pharma, Dishman Carbogen Amcis, Glenmark Generics, Glenmark pharmaceuticals, 

Symed Labs, Neuland Laboratories, Alembic Pharmaceutical, Formosa Laboratories, Raks 

Pharma, Jubilant Generics, Cadila Healthcare, Amoli Organics, Macleods Pharmaceuticals and 

USV in India. In Europe Pfizer is the only MAH which makes graulate for oral suspension. 

Other MAHs are making film coated tablets.  The last two API manufacturers are Dr Reddys 

Labratories and TEVA Pharmaceutical industries which are hard to locate since they have sites 

in most countries (EudraGMPD, 2019) 

 

Zyvoxid, the only graulate with linezolid as active substance, had one backorder in Sweden 

during 2018 which lasted for 20 weeks and 4 days (Läkemedelsverket, Restnoteringar, 2019). 

The assumed profitability per product is assumed to be medium since the active substance is 

not protected by patent and since the production process is through synthesis.The uncertainty 
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in annual sales is calculated to 50,29 % (Baraldi E., 2019). There are no parallel imports to 

Sweden from other parts of Europe (FASS, Linezolid, 2019). 

3.1.6 Teicoplanin 

Teicoplanin is an antibiotic which can be given as injection or infusion, this report covers the 

use of powder used for preparing injection/infusion liquid (FASS, Teikoplanin, 2017). 

Teicoplanin is a glycopeptide antibiotic and is produced through fermentation, which is a 

semisynthetic process. Teicoplanin is used for treating many different infections both in skin, 

bone tissues, urinal system and for treating different kinds of pneumonia (FASS, Targocid, 

2017). 

 

There are today eight API manufacturers. Four of these are located in Europe, these are: Sanofi 

in Italy, Xellia Pharmaceuticals in Hungary, Gnosis Bioresearch in Italy, Olon in Italy. The 

other four are located in asia, these are: Ckd Bio in South Korea, Zhejiang Medicine in China, 

Dong Kook Pharmacetucal in South Korea, Pharmagenic in South Korea. Since teicoplanin is 

not approved for use in the US there are no API manufacturers from the US. 

 

In Sweden there are today two MAHs, which are Sanofi and Sandoz, and a total of nine in 

Europe (EMA, 2019). There are no backorders for any medicine with teicoplanin as active 

substance. The assumed profitability is low since the active substance is not protected by patent 

and since its produced through fermentation. The uncertainty in annual sales was calculated to 

119 %. There are four parallel imports to Sweden from Medartuum, Orifarm, Paranova and 

2care4 (FASS, Teikoplanin, 2019).  

3.1.7 Amoxicillin 

Amoxicillin is an antibiotic of the beta-lactam family and belongs to the structural class 

penicillins. The drug formulation that is analysed is oral suspension 100 mg/ml and the active 

substance  form is amoxicillin trihydrate (ANSM, 2016). Amoxicillin is used to treat bacterial 

infections and can also be used in combination when treating gastric ulcer (FASS, Amoxicillin, 

2019). The production process for amoxicillin is semi-synthesis through fermentation (ANSM, 

2016).  
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Amoxicillin has in total fourteen API manufacturers. The antibiotic has nine API manufacturers 

which are approved for importation within the EEA (EudraGMDP, 2019). Four of which are 

located in Europe. Two of the API manufacturers are located in Spain and are; Sandoz 

Industrial Products and Deratil. Furthermore, one is located in the United Kingdom with the 

name Purogenix Limited as well as one being located in Austria with the name Sandoz GmbH. 

Five API manufacturers are located outside of Europe. Three of which are located in China; 

Zhuhai United Laboratories Company Limited, North China Pharmaceutical Group 

Semisyntech Company Limited, The United Laboratories Co. One API manufacturer is located 

in Singapore; Beecham Pharmaceuticals (PTE) Limited. Another one is located in India; DSM 

Anti-infectives India Ltd.  Lastly there are eight API manufacturers which are approved for 

importation in the US (FDA, 2019); GLAXOSMITHKLINE LLC located in the US, Fersinsa 

GB SA DE CV located in Mexico, Centrient Pharmaceuticals, Antibioticos Pharmaceuticals 

both located in the Netherlands, Zhuhai United Laboratories Co LTD located in China. 

Furthermore, there are two manufacturers; Teva Pharmaceutical Industries LTD and 

Barceloneta Inc Div Bristol Myers which have unknown locations.  

 

The assumed profitability is low since amoxicillin is produced through fermentation and is not 

protected by a patent. There are two market authorization holders (MAHs) for amoxicillin 

currently in Sweden which are Sandoz GmbH and Meda AB, also there are four MAHs in the 

EEA. Additionally, the uncertainty in annual sales volume is 4.192%, the uncertainty in annual 

sales is 8.757% and the average sales are low. Furthermore there are six parallel imported drugs 

available (FASS, Amoxicillin, 2019).  

3.1.8 Vancomycin 

Vancomycin is an antibacterial drug that belongs to the antibiotic class, glycopeptides. The 

drug formulation that is being studied is powder for infusion and injection. The active substance 

for the formulation is vancomycin hydrochloride. The production process for Vancomycin is 

fermentation (Padma et al., 2002).  

 

There are in total 13 API manufacturers of Vancomycin hydrochloride. The antibiotic has six 

API manufacturers which are approved for importation within the EEA (EudraGMDP, 2019). 

Two of which are located in the Europe. Xellia is located in Hungary and LEK Farmacevtska 

is located in Slovenia. The remaining four are Genotech Corporation which is located in the 
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Republic of Korea, Livzon Group Fuzhou Fuxing Pharmaceutical Company Limited and 

Zhejiang Medicine Co which are located in China as well as Hetero Drugs Limited which is 

located in India. Lastly there are eleven API manufacturers which are approved for importation 

in the US (FDA, 2019); Concord Biotech Ltd  located in India, Chongqing Daxin 

Pharmaceutical Co Ltd located in China,  Livzon Group Fuzhou Fuxing Pharmaceutical 

company limited located in China, North China Pharmaceutical Huasheng Co Ltd located in 

China, CKD Bio Corp located in South Korea, Xellia located in Hungary, Hospira Inc and 

Pfizer Co located in the US, LEK Farmacevtska located in Slovenia,  Zhejiang medicine Co 

located in China, ACS Dobfar located in Spain and lastly Xellia Pharmaceuticals Ltd located 

in Norway.   

 

Furthermore, there are four market authorisation holders (MAHs) for Vancomycin currently in 

Sweden which are Actavis, Mylan, Orion, MIP.However the products by Actavis and Mylan 

are currently not provided in Sweden. There are currently nineteen MAHs in the EEA.  

 

The assumed profitability is low since vancomycin is produced through fermentation and is not 

protected by a patent. Additionally, the uncertainty in annual sales volume is 3,45%, the 

uncertainty in annual sales is 21,84% and the average sales are considered low. Furthermore 

there are zero parallel imported drugs available (FASS,Vancomycin, 2019).  

3.1.9 Ertapenem  

Ertapenem is 1 g of a powder for concentrate infusion (FASS, Ertapenem, 2017). Furthermore, 

ertapenem is an antibacterial carbapenem whose industrial production process is synthesis 

(EMA, 2016). Indications for treatment using Ertapenem 1 g are intra-abdominal infections. 

community-acquired pneumonia, acute gynecological pains and also foot infections located in 

the skin and soft tissue of diabetics (FASS, Ertapenem, 2017).  

 

The number of API manufacturers found are seven and they are; ACS Dobfar S.P.A. located 

in the Republic of Korea, Qilu Antibiotics Linyi Pharmaceutical Co Ltd located in China 

furthermore Pfizer Healthcare India PVT Ltd, Solara A Pharma Sciences Ltd, Sun 

Pharmaceuticals Industries Ltd, Aurobindo Pharma Ltd and Gland Pharma Ltd which are 

located in India (EudraGMDP, 2019)(FDA, 2019). When it comes to the number of MAHs 



Självständigt arbete i kemiteknik 15 HP       

Uppsala Universitet 

20 

there are two found in Sweden, Fresenius Kabi AB and Merck Sharp & Dohme B.V. 

furthermore seven in Europe (FASS, Ertapenem, 2017) (EMA, 2018).  

 

Ertapenem 1 g has not been backordered in Sweden and the profitability per product is assumed 

to medium since it is produced through synthesis but is not protected by a patent. Additionally, 

the uncertainty in annual sales volume is 10,82%, the uncertainty in annual sales is 17,36% and 

the average sales are low. Lastly ertapenem 1 g doesn´t have any parallel imported drugs 

available in Sweden (FASS, Ertapenem, 2017).  

3.1.10 Clindamycin  

Clindamycin is administered for patients with hypersensitivity towards beta-lactam antibiotics 

for various reasons. Clindamycin is an antibacterial antibiotic for treatment of infections in 

throat, skin and other soft tissue. The formulation that is being studied is oral solution. The 

active substance form being used for the formulation is Clindamycin Palmitate Hydrochloride. 

Clindamycin belongs to the antibiotic class of lincosamides. The production process of 

clindamycin is semi-synthesis through fermentation (Spizek et al., 2004).  

 

There are in total eleven API manufacturers of Clindamycin. The antibiotic has six API 

manufacturers which are approved for importation within the EEA (EudraGMDP, 2019).  Two 

of which are located in Europe. ACS Dobfar is located in Italy and Union Quimico 

Farmaceutica is located in Spain. The remaining four are located in China; Zhejiang Hisoar 

Pharmaceutical Co. Ltd., Zhejiang Tiantai Pharmaceutical Co. Ltd, Chongqing Carelife 

Pharmaceutical Co. Ltd and Hubei Yitai Pharmaceutical Co. Ltd. Lastly there are ten API 

manufacturers which are approved for importation in the US; Chongqing Carelife 

Pharmaceutical Co. Ltd located in China, Union Quimico Farmaceutica located in Spain, 

Zhejiang Hisoar Pharmaceutical Co. Ltd located in China, Alchymars ICM SM Private Ltd. 

Located in  India, Cadila healthcare Ltd located in India, Zhejiang Tiantai Pharmaceutical Co. 

Ltd located in China, Nanyang Pukang Pharmaceutical Co Ltd located in China, Aurobindo 

Pharma Ltd located in India, Hubei Yitai Pharmaceutical Co.,Ltd located in China, Xinyu 

Pharmaceutical Co., Ltd located in China.  

 

Furthermore there is one market authorisation holder for Clindamycin currently in Sweden 

which is Pfizer AB (FASS,Clindamycin, 2019). There are two MAHs currently in the EEA 
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(EMA 2017). Additionally, the uncertainty in annual sales volume is 19,77%, the uncertainty 

in annual sales is 14.84% and the average sales is considered low. Furthermore there are one 

parallel imported drugs available (FASS,Clindamycin, 2019).  Clindamycin has one backorder 

in Sweden during the year 2018 which lasted for 3 weeks and 1 day (Läkemedelsverket, 

Restnoteringar, 2019). The assumed profitability is low since Clindamycin is made through 

fermentation and is not protected by a patent.  

3.2 Table displaying research compiled of the specific Antibiotics  

This section presents two tables, Table 2 and Table 3. Table 2 displays the detailed analysis 

and assessment of 7 such supply risk factors previously mentioned in the introduction, for the 

ten assigned antibiotics.  The table displays the selected supply risk factors, 

Formulation/Strength, Class, production process, Number of API manufacturers, API 

manufacturers geographic location, Number of MAHs found in Sweden and Number of MAHs 

found in EEA. Interestingly there seems to be no obvious correlation between the number of 

API-manufacturers and the number of MAHs in the EEA. As can be seen in Table 2, 

gentamicin for example has 5 API manufacturers and 31 MAHs in EEA while Linezolid has 

25 API manufacturers but only one MAHs in the EEA.  The maximum value of API 

manufacturers found for the ten specific antibiotics, is 25 and the minimum value of API 

manufacturers found is 5. 

 

Table 3 displays a detailed analysis and assessment of the selected supply risk factors 

previously mentioned in the introduction, for ten assigned antibiotics.  The table displays the 

following supply risk factors; Number of backorders in Sweden, Total length of backorders, 

Currently not provided in Sweden (number of MAHs), Assumed profitability per product, 

Uncertainty in annual sales volume (RSD), Uncertainty in annual sales (RSD), Average sales 

(High/Low), as well as Parallel import. The asterisk (*) is used for MAHs that are also for 

parallel imported MAHs.  

 

 

 

 

 

 

 



Självständigt arbete i kemiteknik 15 HP       

Uppsala Universitet 

22 

Table 2. Table displaying the result of 7 selected supply risk factors for the 10 specific antibiotics 

assigned.  

Antibiotic 

Formula/ 

strength Class 

Production 

process 

Number of API 

manufacturers 

found 

API manufacturers 

geographic location 

Number 

of MAH 

found in 

Sweden 

Number 

of MAH 

found in 

EEA 

Tobramycin 

Injection 

10mg/ml Aminoglycoside Fermentation 5 

Hungary, Bulgaria, 

China (2), Denmark 1 6 

Tobramycin 

Injection 

40mg/ml Aminoglycoside Fermentation 5 

Hungary, Bulgaria, 

China (2), Denmark 1 10 

Gentamicin 

Injection/i

nfusion Aminoglycoside Fermentation 6 

Slovenia, Ukraine, Italy, 

China (3) 1 31 

Erythromyci

n 

Oral 

suspensio

n Macrolide Fermentation 9 

China (2), Poland, 

Malaysia, USA, India 

(2), Ukraine, Spain 1 7 

Linezolid 

Oral 

suspensio

n 20 

mg/mL Oxazolidinone Synthetic 25 

Spain, Czech Republic, 

Slovenia, USA (3), 

Taiwan, India (14), 

China (2), Unknown (2) 1 1 

Teicoplanin 

Powder 

for 

injection/ 

infusion, 

200 mg Glycopeptide Fermentation 8 

Italy (3), Hungary, South 

Korea (3), China 2 9 

Amoxicillin 

Oral 

suspensio

n 100 

mg/ml Beta-lactam 

Semi-

synthetic 

(fermentatio

n) 14 

Spain (2), UK, Austria, 

China (4), Singapore, 

India, USA, Mexico, 

Netherlands (2), 

Unknown (2) 2 4 

Vankomycin 

Injection/ 

infusion glycopeptide Fermentation 13 

Slovenia, Hungary, 

South Korea (2), China 

(4), India (2), USA, 

Spain, Norway 4 19 

Ertapenem 

Injection/ 

infusion Carbapenem Synthetic 7 

South Korea, China, 

India (5) 2 7 

Clindamycin 

Oral 

solution Lincosamide 

Semi-

synthetic 

(fermentatio

n) 11 

Italy, Spain, China (6), 

India (3) 1 2 
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Table 3. Table displaying the result of the 8 supply risk factors for the 10 specific antibiotics assigned.  

Antibiotic 

Number of 

backorders 

in Sweden 

Total 

length of 

backorders 

Currently 

not provided 

in Sweden 

(number of 

MAH) 

Assumed 

profitability 

per product 

Uncertainty 

in annual 

sales volume 

(RSD) 

Uncertainty 

in annual 

sales  

(RSD) 

Average 

sales 

(High/Low) 

Parallel 

import 

Tobramycin 0 0 1 Low 57,81% 56,17 % Low 2 

Tobramycin 0 0 0 Low 13,45 % 10,60 % High 2 

Gentamicin 0 0 1* Low 9,30 % 13,26 % High 2 

Erythromycin 0 0 0 Low 6,45 % 13,33 % Low 0 

Linezolid 1 

20 weeks 

and 4 days 0 Medium 31,11 % 31,79 % Low 0 

Teicoplanin 0 0 1 Low 15,79% 21,36% Low 4 

Amoxicillin 0 0 0 Low 4,192 % 8,757 % Low 6 

Vancomycin 0 0 2 Low 3,45% 21,84 % Low 0 

Ertapenem 0 0 0 Medium 11,85 % 22,12 % High 0 

Clindamycin 1 

3 weeks 

and 1 day 0 Low 19,77 % 14,84 % Low 1 

 

3.3 Final grading  

For the final grading, Table 4 was constructed to summarize all the individual gradings. The 

individual gradings were done with the help of the system shown in Table 1. It was used to 

grade both the 10 antibiotics analyzed by us, as well as the 29 antibiotics analyzed by the other 

two groups involved in this project. The tables received from the other groups were constructed 

in the same way as ours. 

 

The grade high/medium/low is then given to each antibiotic, where antibiotics with a score of 

more than one standard deviation over average is graded as high. Antibiotics with a score of 

less than one standard deviation below average is graded as low. Antibiotics within one 

standard deviation from average was graded medium.  The table was sorted from the highest 

score to lowest and antibiotics with the same score were listed in random order. 
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Table 4. Table displaying the result of the final grading of the 39 specific high-risk antibiotics compiled 

by the Swedish Public Health Authority, including the ones studied in the reports written by group 1,2 

and 3 (See Appendix).  

Antibiotic Formula/strength Total points Grade 

(low/medium/high) 

Flucloxacillin (Na) Tablet 125 mg 70 High 

Ceftolozan/tazobactam Injection/Infusion 65 High 

Cefadroxil Oral suspension 65 High 

Nitrofurantoin Tablet 5 mg 60 High 

Bedaquiline Tablet 100 mg 60 High 

Amoxicillin/Clavulanic Acid Tablet 250 mg/ 125 mg 60 High 

Flucloxacillin (Mg) Oral suspension 50 mg/ml 60 High 

Ceftaroline Fosamil Injection/Infusion 60 High 

Tobramycin Injection 10 mg/ml 60 High 

Phenoxymethylpenicillin Tablet 500 mg 55 Medium 

Clindamycin Oral suspension 55 Medium 

Collistin Injection/Infusion 55 Medium 

Ceftazidime/avibactam Injection/Infusion 50 Medium 

Phenoxymethylpenicillin Tablet 250 mg 50 Medium 

Amikacin Injection liquid 50 Medium 

Amoxicillin/Clavulanic Acid Oral suspension 50 mg/ml 
+ 13 mg/ml 

50 Medium 

Amoxicillin/Clavulanic Acid Oral suspension 80 mg/ml 

+ 12 mg/ml 

50 Medium 

Gentamicin Injection/Infusion 50 Medium 

Linezolid Oral suspension 20 mg/ml 50 Medium 

Piperacillin/Tazobactam Injection/Infusion 45 Medium 

Trimethoprim/Sulfamethoxazole Oral suspension 45 Medium 

Amoxicillin Oral suspension 50 mg/ml 45 Medium 

Vancomycin Injection/Infusion 45 Medium 

Rifampicin Oral suspension 40 Medium 

 

Meropenem 

 

Injection/Infusion 

 

40 

 

Medium 

Teicoplanin Powder for 

injection/infusion 200 mg 

40  Medium 
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Antibiotic Formula/strength Total points Grade 

(low/medium/high) 

Isoniazid Tablet 300 mg 40 Medium 

Metronidazole Tablet 400 mg 35 Medium 

Metronidazole Oral suspension 40 mg/ml 35 Medium 

Metronidazole Tablet 200 mg 35 Medium 

Tobramycin Injection 40 mg/ml 35 Medium 

Erythromycin Oral suspension 35 Medium 

Tigecycline Injection/Infusion 30 Low 

Rifampicin Capsule 150 mg 30 Low 

Amoxicillin Oral suspension 10 mg/ml 30 Low 

Ertapenem Injection/Infusion 30 Low 

Rifampicin Capsule 300 mg 25 Low 

Bensylpenicillin Injection/Infusion 25 Low 

Metronidazole Injection/Infusion 25 Low 

 

 

Table 5. The final grading instruction based on the total score of points received from the scoring table. 

The average of the score given to the antibiotics was 45,8 and the standard deviation was 12,49.  

 

Total points Grade 

60 or above High 

35 to 55 Medium  

30 or below Low 
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4. Discussion  

In this part of the report we will discuss the following aspects: correlations found in the 

results, why we made a few exceptions in how many points a risk factor gives in the grading 

system, risk factors that are not included in the grading system, limitations and further 

research. 

 

When studying the result, you can see in Table 4 that nine of the antibiotics received the final 

grade high, 23 of them were graded as medium and seven of them were graded as low. Out of 

the nine antibiotics graded as high, five of them share the formulation tablet. This report 

includes 39 antibiotics in total and only nine of them are formulated as tablets. Based on this, 

a conclusion is drawn that there is a correlation between high-risk antibiotics and the 

formulation tablet. However, the formulation tablet is unlikely the cause of the high rating of 

the antibiotics in question, as tablets or capsules usually are the first choice of formulation 

when producing antibiotics. Since it is fairly easy to produce and offer better patient 

compliance (Lassen B. 2019). We therefore conclude that there are other underlying aspects 

that happen to coincide with tablet formulations.  

There is also an overrepresentation of beta-lactam antibiotics in the high-risk category, as six 

out of nine antibiotics graded as high are beta-lactam antibiotics. In total, only 15 out of 39 

antibiotics are beta-lactam antibiotics. This correlation is reasonable since beta-lactam 

antibiotics require specific precautions when manufactured and are therefore considered 

undesirable for many API manufacturers. However, there are a few API manufacturers that are 

specialized in manufacturing beta-lactam antibiotics such as Kabi Ipsum (Lassen B. 2019) 

There is also a slight overrepresentation of antibiotics formulated as injection/infusion in the 

low-risk category. They constitute four out of seven antibiotics graded as low. In total, only 15 

out of 39 antibiotics are formulated as injection/infusion. The reason for this correlation is 

unclear. It could be a coincidence, just like the overrepresentation of tablets in the high-risk 

category is thought to be. The fact that hospitals use the majority of injection/infusion 

antibiotics could however be a factor: perhaps hospitals purchase antibiotics in a way (in bulk 

or under a long contract for example) that is beneficial to the pharmaceutical company in 

question. 

In our grading system the scale is relative, meaning that a “Low” rating does not necessarily 

mean that the antibiotic in question is at a low risk of being made unavailable, but that we 
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estimate it to be at a lower risk than other antibiotics in this study. This was done due to the 

fact that all the antibiotics were chosen because they were considered to be at a high risk by 

the Swedish Public Health Authority. We then compared them to each other and graded them. 

  

Since we were unable to find evidence for the significance of the different factors in relation 

to each other, we chose to value most of them equally. Half of the factors could give 0, 5 or 10 

points. The exceptions are; Average sales, Currently not provided in Sweden, Parallel import, 

Number of MAHs found in Sweden and Number of API-manufacturers.  

 

Average sales were only categorized as “Low” or “High” and could therefore only give 0 or 10 

points. Currently not provided in Sweden was also only given 0 or 10 points, with no middle 

ground giving 5 points, as we considered it a highly contributing factor already when one 

product is no longer provided in Sweden. 

  

Parallel import and Number of MAHs found in Sweden were both considered to be lesser 

contributors to the overall risk of availability than the rest of the factors. They were given 0 or 

5 points instead of a maximum of 10 points. Reason being, that the amount of parallel imported 

drugs may not necessarily negate the risk of accessibility since it relies on the amount API 

manufacturers. The risk factor Number of MAHs in Sweden was twofold simply because the 

risk factor Number of MAHs in the EEA is to be prioritized when grading the total risk. Since 

an MAH that is already approved and selling the antibiotic, in the specific form, in another 

country in the EEA should be relatively easy to approve in Sweden, and furthermore substitue 

an MAH that has stopped selling in Sweden. Secondly, the discovery that a lot of companies 

source their APIs (sometimes even fully formulated products) from the same source puts the 

value of multiple MAHs in Sweden into question when it comes to its effectiveness in reducing 

the risk. We did however choose to give 5 points as a slight increase to the total risk when a 

product was only provided by one company, as that might increase the risk of temporary 

unavailability even though another European MAH could fill the void and reduce the long-

term risk. 

  

Number of API manufacturers was considered a higher contributing factor than any of the other 

factors and given a doubled point scale, giving 0, 10 or 20 points. The reasoning behind this 

decision is that when there are very few API manufacturers, one accident or other events that 
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makes production stop at one or more of these facilities can cause the API in question to be 

unavailable to all the MAHs currently selling the product containing it. 

4.1 Limitations 

When grading the total risk of the availability for all the studied antibiotics we had to create a 

grading system with which we could grade the antibiotics using only the information in the 

tables made by us and the other two groups in the project. This was done because we did not 

receive the detailed information explaining situations specific to each antibiotic studied in 

group 1 and 2.   

For example, backorders are rated after the number of weeks it has been registered, not the 

reason behind it. A backorder caused by something less riskful, such as wrong labeled package 

insert, can with this grading system be given the same score as a backorder caused by 

something much more riskful, such as a factory fire, provided that the backorders last for the 

same number of weeks. This error could have been reduced by if each group shared their fully 

assessed and detailed result. However, the rating system would have been far more complex, 

making it difficult to evaluate the score for each special case. We consider the method used in 

this report to be more consistent, even though it may lack specificity in certain cases. 

 

A specific case of limitation that is not included in the grading system is that in Table 2 and 

Table 3 displaying the factor API Manufacturers Geographic Location you can find Israel as a 

location for manufacturing. Israel has, according to our sources (Transparency International e. 

V n.d., 2018), low corruption and is at low risk for having a natural disaster (Gómez, n.d., 

2014). Which leads Israel to score low on the factor API manufacturers Geographical location 

in the grading system which implies that the risk of accessibility based on the geographical 

location is low. Yet a potential accessibility risk that isn't included in the grading system is the 

political instability hence the risk of conflict. Israel and its neighbouring countries are in 

political conflict due to the Israel - Palestine conflict that is one of the world's longest running 

conflicts. (Beauchamp, 2018). This unstable political situation is a big accessibility risk worth 

mentioning since it could prohibit or uphold the API-production as a political agenda.  

 

Another potential limitation in our method is the way we searched for API manufacturers. We 

only looked at the documentation from FDA and EudraGMDP which means that any 

manufacturers exporting to, or operating solely within, any region except the EEA or the U.S. 

https://paperpile.com/c/My9Ifh/MqGn
https://paperpile.com/c/My9Ifh/MqGn
https://paperpile.com/c/My9Ifh/MqGn
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will not be included in our study. If we could have included every API manufacturer in the 

world the results might have been different. It is worth to note however, that API manufacturers 

already approved in the EEA or the U.S. might be of more interest for this study, as the approval 

in either of these regions means that they already practice under GMP standards (EMA, 2018). 

Because of this we believe that even though it could have been useful to include the API 

manufacturers exporting to, or operating solely within, any region except the EEA or the US, 

they might have a less significant risk-reducing effect than the ones already approved in the 

EEA or the US. Due to this only EEA and FDA approved MAH are included in this report, 

since an API manufacturer operating solely in another part of the world does not have the same, 

or any, impact and is therefore excluded from this report.   

 

There might also be slight inconsistencies in what counts as an API manufacturer between 

EudraGMDP and FDA. As described in the method section, FDA did not allow for this kind of 

insight, hence some companies approved by the FDA might have been included in our study, 

that would have been discounted if we could have applied the same method.  We went to great 

lengths to sort out the companies that make the API and not just subsequent purification, adding 

of excipients etc. The documentation from the FDA does standards as we did when we looked 

at the documentation on EudraGMDP. Another example of when the lack of transparency in 

the approval documents from the FDA, is the case of the manufacturer Alembic, who 

manufactures erythromycin. In this case we can see that Alembic, on their own site, claims to 

have three facilities for manufacturing APIs but the FDA approval does not specify at which 

one this specific antibiotic is produced. Had this manufacturer been approved in the EEA this 

information would have been available to us and we could have seen if it is produced at more 

than one of these locations. 

4.2 Further research 

In this report we have done the assessment that the manufacturing of the API is a critical factor 

that affects availability. Yet gathering enough reliable information, concerning the 

manufacturing, for a final grading has been difficult. For example, it may look like there is 

more than one manufacturer when in fact all of the manufacturers are dependent on a single 

starting material that solely is provided by one manufacturer. A suggestion for further research 

is therefore to gather more profound knowledge about the manufacturing processes.   
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Furthermore, the geographic location of the manufacturing is a contributing factor in this report 

where the corruption and risk for natural disaster in the location is included. A suggestion for 

further research is to find a way to also include “risk of conflict” or degree of “conflict” in the 

factor API-manufacturers geographic location. 

In this report its concluded that beta-lactam and tablet runs a bigger risk of shortage in the 

future. Therefore, it could be interesting to research other beta-lactam antibiotics and 

antibiotics in tablet form which are not included in this report. A way to strengthen this 

hypothesis would be to use our grading system on beta-lactam antibiotics in tablet form and 

see if they receive particularly high total points on the risk assessment. 

To test our grading system, and verify our correlations, one could look at backorders and 

shortages from years past. If the same correlations are present when analyzing this data, our 

correlations would be validated thus, in extension, our grading system. It is already possible to 

look at backorders, and they are included in this report. But these only go back one year and a 

few months. To be able to get any usable data one would have to look further back. It would 

also be interesting to look at similar data from other countries in the EEA. 
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7. Appendix  

Table 6.  Table compiled in the report written by group 1, displaying the specific antibiotics being 

studied. The table shows the formulation/strength, the class, the process as well as the number of API 

manufacturers and their geographic localisation of the antibiotics. The colouring of the table is to be 

ignored.  

Antibiotic Formulation Class Process 

Number of 

API-

manufacturers 

found 

API-

manufacturer(s) 

geographic 

location 

Colistin 

Injection / 

Infusion Polymyxin Fermentation 4 

China (2), 

Denmark, Poland 

Ceftazidime/avi

bactam 

Injection / 

Infusion 

β-lactam / β-

lactamase 

inhibitor 

Semisynthetic 

(fermentation) / 

synthetic 13-Jan 

India (5), China 

(2), Italy (2), 

Austria, Republic 

of Korea, Ukraine, 

Brazil / UK 

Nitrofurantoin Tablet 5 mg Nitrofuran Synthetic 6 

India(2), China, 

Israel, Italy, Latvia 

Ceftolozan/tazo

bactam 

Injection / 

infusion 

β-lactam / β-

lactamase 

inhibitor 

Semisynthetic 

(fermentation) 10-Jan 

Italy / China (4), 

India (3), Italy, 

Japan, Spain 

Phenoxymethyl

penicillin Tablet 250 mg β-lactam 

Semisynthetic 

(fermentation) 4 

Austria, China, 

India, Slovakia 

Rifampicin Oral suspension Ansamycin 

Semisynthetic 

(fermentation) 7 

Italy (2), India (2), 

China, Ukraine, 

Republic of Korea 

Rifampicin 

Capsule 150 

mg Ansamycin 

Semisynthetic 

(fermentation) 7 

Italy (2), India (2), 

China, Ukraine, 

Republic of Korea 

Rifampicin 

Capsule 300 

mg Ansamycin 

Semisynthetic 

(fermentation) 7 

Italy (2), India (2), 

China, Ukraine, 

Republic of Korea 

Bedaquiline Tablet 100 mg Diarylquinoline Synthetic 3 India (3) 

Amikacin Injection liquid 

Aminoglycosid

e 

Semisynthetic 

(fermentation) 5 

China (3), Italy, 

Mexico 

Bensylpenicilli

n 

Injection / 

infusion β-lactam 

Semisynthetic 

(fermentation) 9 

China (4), Italy(2), 

Austria, India, 

Mexico 

Piperacillin/taz

obactam 

Injektion / 

infusion 

β-lactam / β-

lactamase 

inhibitor 

Semisynthetic 

(fermentation) 10-Sep 

China (3), India 

(3), Spain, 

Republic of 

Korea, Italy / 

China(4), India 

(3), Italy, Japan, 
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Spain 

Meropenem 

Injection / 

infusion β-lactam 

Semisynthetic 

(fermentation) 10 

India (4), China 

(2), Italy, Taiwan, 

Ukraine, Japan 

Trimethoprim/S

ulfamethoxazol

e Oral suspension 

Antifolate / 

Sulfonamide 

Synthetic / 

semisynthetic 

(exctracted) 4-Oct 

India (4), China 

(4), Israel, 

Mauritius / India 

(2), China (2) 

 

 

Table 7. Table compiled in the report written by  group 1, displaying the number of MAHs found  in 

Sweden, the number of MAHs found in the EEA, Number of Backorders in Sweden, Length of 

backorders, Currently not provided in Sweden (number of MAH), Assumed profitability per product, 

Uncertainty in Annual sales (RSD), Uncertainty in annual sales (RSD), Average sale income in Sweden 

(High/Low) as well as Parallel imported drugs of the specific antibiotics studied in this report. 

The colouring of the table is to be ignored.  

 

Antibiotic 

MAH 

Sweden 

MAH 

EEA 

Number 

of back 

orders 

Length 

of back 

orders 

Currentl

y not 

provide

d in 

Sweden 

(Numbe

r of 

MAH) 

Assume

d 

profitab

ility per 

dose 

Uncerta

inty in 

anual 

sales 

volume 

[RSD] 

Uncerta

inty in 

anual 

sales 

income 

[RSD] 

Averag

e sale 

income 

in 

Sweden 

[high/lo

w] 

Parallell 

import 

Colistin 2 20 0 0 weeks 1 

Mediu

m 18.19% 18.90% Low 0 

Ceftazidim

e/avibacta

m 1 1 0 0 weeks 0 High   Low 0 

Nitrofurant

oin 1 1 1 

32 

weeks 0 

Mediu

m 11.79% 8.15% Low 0 

Ceftolozan/

tazobactam 1 1 0 0 weeks 0 High 66% 66% Low 0 

Phenoxyme

thylpenicill

in 1 13 0 0 weeks 1 Low 6.01% 16.85% High 0 

Rifampicin 1 4 0 0 weeks 0 Low 6.85% 11.59% Low 0 

Rifampicin 2 11 0 0 weeks 0 Low 26.19% 32.91% Low 1 

Rifampicin 1 13 0 0 weeks 0 Low 17.59% 15.67% High 5 

Bedaquilin

e 1 1 0 0 weeks 0 High 65.15% 60.02% High 0 

Amikacin 2 36 0 0 weeks 1 Low 54.47% 53.13% High 1 



Självständigt arbete i kemiteknik 15 HP       

Uppsala Universitet 

36 

Bensylpeni

cillin 2 17 0 0 weeks 0 Low 2.26% 5.80% High 0 

Piperacillin

/tazobacta

m 7 54 1 

16 

weeks 3 Low 9.88% 16.40% High 0 

Meropene

m 6 41 4 

121/133

/12/11 

weeks 3 Low 3.16% 26.91% High 0 

Trimethopr

im/Sulfame

thoxazole 2 11 1 

11 

weeks 0 

Mediu

m 11.60% 8.66% Low 0 
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Table 8. Table compiled in the report written by group 2, displaying the specific antibiotics being 

studied in the report written by group 2. The table shows the Formulation/Strength, Class, the 

Production process as well as the Number of API manufacturers, API-manufacturers geographical 

location, Number of MAH found in Sweden and Number of MAH found in EEA.The colouring of the 

table is to be ignored.  

 

Antibiotic 
Formula/ 

Strength 
Class 

Production 

Process 

Number of 

API-

Manufacturer 

Found 

API-

Manufacturer 

Geographical 

Location 

Number 

of MAH 

Found in 

Sweden 

Number 

of MAH 

Found in 

EEA 

Amoxicillin/ 

Clavulanic 

Acid 

Oral 

suspension 

50 mg/ml + 

13 mg/ml 

β-lactam 

antibiotics 

/ β-

lactamase 

inhibitor 

Semi-synthetic 

(fermentation) 
16/11 

Spain (2), UK, 

Austria, China 

(4), Singapore, 

India, 

Netherlands 

(2), Mexico, 

USA, 

Unknown (2) / 

Spain, UK (2), 

Portugal, 

Slovenia (2), 

Mexico, China 

(2), South 

Korea, Italy 

1  5 

Amoxicillin/C

lavulanic Acid 

Oral 

suspension 

80 mg/ml + 

12 mg/ml 

β-lactam 

antibiotics 

/ β-

lactamase 

inhibitor  

Semi-synthetic 

(fermentation)  
16/11 

Spain (2), UK, 

Austria, China 

(4), Singapore, 

India, 

Netherlands 

(2), Mexico, 

USA, 

Unknown (2) / 

Spain, UK (2), 

Portugal, 

Slovenia (2), 

Mexico, China 

(2), South 

Korea, Italy 

1 6  

Amoxicillin/C

lavulanic Acid 

Tablet 

250mg/125

mg 

β-lactam 

antibiotics 

/ β-

lactamase 

inhibitor  

Semi-synthetic 

(fermentation)  
16/11 

Spain (2), UK, 

Austria, China 

(4), Singapore, 

India, 

Netherlands 

(2), Mexico, 

USA, 

Unknown (2) / 

Spain, UK (2), 

Portugal, 

Slovenia (2), 

1 5 
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Mexico, China 

(2), South 

Korea, Italy 

Phenoxymeth

ylpenicillin 

Tablet 

500mg 

β-lactam 

antibiotics  

Semi-synthetic 

(fermentation) 
4  

Austria, 

Slovakia, 

India and 

China  

1 5 

Cefadroxil 
Oral 

suspension 

β-lactam 

antibiotics  

Semi-synthetic 

(fermentation)  
7  

Netherlands, 

India (3), 

Israel, Italy (2) 

1 16 

Amoxicillin 

Oral 

suspension 

50mg/ml 

β-lactam 

antibiotics  

Semi-synthetic 

(fermentation)  
16 

Spain (2), UK, 

Austria, China 

(4), Singapore, 

India, 

Netherlands 

(2), Mexico, 

USA, 

Unknown (2) 

1 10  

Tigecycline 
Injection/ 

Infusion 

Glycylcycl

ine  
Synthetic] 11  

Ireland, 

Austria, Italy, 

Israel, China 

(3) and India 

(4)  

4 10 

Metronidazole 

Injection/ 

Infusion 

5 mg/ml 

Nitroimida

zole 

derivative  

Synthetic  7  

Italy (1), 

China (4), 

India (2)  

1 32 

Metronidazole 

Oral 

suspension 

40 mg/ml 

Nitroimida

zole 

derivative 

Synthetic] 7 

Italy (1), 

China (4), 

India (2)  

1 1  

Metronidazole 
Tablet 400 

mg 

Nitroimida

zole 

derivative 

Synthetic  7  

Italy(1), 

China(4), 

India(2)  

1 18  

Metronidazole 
Tablet 200 

mg 

Nitroimida

zole 

derivative  

Synthetic  7  

Italy(1), 

China(4), 

India(2) 

1 10  

Flucloxacillin 

(Mg) 

Oral 

suspension 

50mg/ml 

β-lactam 

antibiotics 
Fermentation  1  Italy  1 2  

Flucloxacillin 

(Na) 

Tablet 125 

mg 

β-lactam 

antibiotics  
Fermentation  3  

Italy and 

Spain (2) 
1  1  

Isoniazid 
Tablet 

300mg 
-  

One step 

synthetic  
6 

India (2), 

Ukraine, 

Ireland, China, 

Japan  

1  6  

Ceftaroline 

Fosamil 

Injection/Inf

usion 

β-lactam 

antibiotics  

Semi-synthetic 

(fermentation)  
1 Italy  1  1  
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Table 9.  Table compiled in the report written by group 2,  displaying Formulation/strength,  Number 

of Backorders in Sweden, Length of backorders since 7/2-2018, Currently not provided in Sweden 

(number of MAH), Assumed profitability per product, Uncertainty in Annual sales (RSD), Uncertainty 

in annual sales (RSD), Average sale income in Sweden (High/Low) as well as Parallel imported drugs 

of the specific antibiotics studied in this report. The table follows the order of antibiotics as Table 10. 

The colouring of the table is to be ignored. 

 

Antibiotic 
Formula/ 

Strength 

Number of 

backorders 

since 7/2-

18 

Total 

length of 

backorders 

since 7/2-

18 

Currently 

not 

provided 

in 

Sweden 

(Number 

of MAH) 

Assumed 

profitability 

per product 

Uncertainty 

in Annual 

Sales 

Volume 

(Relative 

Standard 

Deviation) 

Uncertainty 

in Annual 

Sales 

(Relative 

Standard 

Deviation) 

Average 

Sales 

(High/ 

Low) 

Parallel 

Import 

Amoxicillin/ 

Clavulanic 

Acid 

Oral 

suspension 

50 mg/ml 

+ 13 

mg/ml 

1  32 weeks  0 Low 38% 35% Low 1  

Amoxicillin/ 

Clavulanic 

Acid 

Oral 

suspension 

80 mg/ml 

+ 12 

mg/ml 

1  44 weeks  0  Low 32% 33% Low 2 

Amoxicillin/ 

Clavulanic 

Acid 

Tablet 

250mg/125

mg 

0 - 1 Low 52% 53% Low 0 

Phenoxy-

methylpenicill

in 

Tablet 

500mg 
0 - 1  Low 7,8 % 18 % High 0  

Cefadroxil 
Oral 

suspension 
1  

2017-08-

24 - 

ongoing  

1  Low 76 % 78 % Low 0  

Amoxicillin 

Oral 

suspension 

50mg/ml 

1 9 weeks 0 Low 19% 21% Low 0 

Tigecycline 
Injection/I

nfusion 
0  - 1  Medium 17 % 20% High 0 

Metronidazole 

Injection/I

nfusion 

5 mg/ml 

0  - 0  Medium 16 % 12 % High 0  

Metronidazole 

Oral 

suspension 

40 mg/ml 

0  - 0  Medium 5,9 % 10 % Low 0  

Metronidazole 
Tablet 400 

mg 
1  10 Weeks  0  Medium 20 % 29 % Low 1  
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Metronidazole 
Tablet 200 

mg 
0  - 0  Medium 16 % 24 % Low 0  

Flucloxacillin 

(Mg) 

Oral 

suspension 

50mg/ml 

2  7, 9 Weeks  0 Low 10 % 6 % High 0  

Flucloxacillin 

(Na) 

Tablet 125 

mg 
0 - 0] Low 11 % 27 % Low 0  

Isoniazid 
Tablet 

300mg 
0  - 0  Medium 27% 41% High 0  

Ceftaroline 

Fosamil 

Injection/I

nfusion 
0  - 0 High 40% 41% Low 0  
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