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Lecture-10 
(Penicillin: an antibiotic) 

 Antibiotic 

 literally, ‘antibiotic’ means ‘opposing life’ or ‘against life’  

 a chemical substance produced by a living organism, generally a microorganism, that is 

detrimental to other microorganisms 

 commonly produced by soil microorganisms and that probably represent a means by which 

organisms in a complex environment, such as soil, control the growth of competing 

microorganisms  

 microorganisms that produce antibiotics useful in preventing or treating disease include the 

bacteria and the fungi 

 in general, “it may be defined as "antibiotics are compounds produced by bacteria and fungi which are 

capable of killing or inhibiting, competing microbial species”. 

 Further, 

 an antibiotic is a type of antimicrobial substance active against bacteria 

 it is the most important type of medicine fighting against bacterial infections, also 

known as an antibacterial agent 

 antibiotic medications are widely applied in the treatment and prevention of bacterial 

infections 

 antibiotics may either kill or inhibit the growth of bacteria 

 a limited number of antibiotics have also been found to possess anti-protozoal activity 

 antibiotics are not effective against the viruses, such as ‘common cold’ or‘influenza’ 

 drugs which act against viruses are termed as antiviral drugs or antivirals rather than 

antibiotics  

 before the discovery of  antibiotics, many people died from minor bacterial infections, such 

as  'strep throat', surgery too was risky 

 but after antibiotics became available in the 1940s, life expectancy increased, surgeries got 

safer, and people could survive what used to be deadly infections 

 An ideal antibiotic: kills or inhibits the growth of pathogenes, causes no allergy to host 

cells, does not cause damage to host cells, and should be stable when stored in liquid or 

solid forms  

 Top 10 classes of antibiotics  are given below. Antibiotics may be available in the form of 

tablets, capsules, oral suspensions and powder for injection. The Figure-3 shows antibiotics 

in various colours, shapes (capsules, tablets) and sizes. The top 10 classes of antibiotics 

are: 

(1)Penicillins (2)Tetracyclines  (3) Cephalosporins   (4)Quinolones   (5)Lincomycins 

(6)Macrolides (7)Sulfonamides (8) Glycopeptides  (9)Aminoglycosides  (10) Carbapenems 

 Classification of Antibiotics 

There are various schemes, such as (1) chemical structure, (2) mechanisms of action,        

(3) spectrum of activity, (4) mode of action, (5) absorbability. Some are discussed below: 

 According to Spectrum of Activity 

 Antibiotics are classified into (1) narrow or short spectrum, and (2) the wide spectrum  

https://www.webmd.com/a-to-z-guides/bacterial-and-viral-infections
https://www.webmd.com/oral-health/understanding-strep-throat-basics
https://www.drugs.com/drug-class/penicillins.html
https://www.drugs.com/drug-class/tetracyclines.html
https://www.drugs.com/drug-class/cephalosporins.html
https://www.drugs.com/drug-class/quinolones.html
https://www.drugs.com/drug-class/lincomycin-derivatives.html
https://www.drugs.com/drug-class/macrolide-derivatives.html
https://www.drugs.com/drug-class/sulfonamides.html
https://www.drugs.com/drug-class/glycopeptide-antibiotics.html
https://www.drugs.com/drug-class/aminoglycosides.html
https://www.drugs.com/drug-class/carbapenems.html
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  The narrow or the short spectrum  antibiotics are those antibiotics which target 

only specific bacteria and act against narrow range of disease. The examples are: 

penicillin G, vancomycin, etc.  

 The broad spectrum antibiotics are those antibiotics which work on many 

different kinds of bacteria and act against wide range of disease. The examples are: 

tetracyclin, chloramphenicol, etc. 

 According to Mode of Action 

The antibiotics are again two types: (1) the bacteriostatic, and (2) the bacteriocidal. 

Bacteriostatic inhibit the growth of bacteria but do not killing them. Example: 

tetracyclin. Bacteriocidal the bacteria. Examples: penicillin, cephalosporin.  

 According to Mechanism of Action 

There are many types of antibiotics, like (1) antibiotic inhibiting the synthesis of cell 

wall, (2) antibiotic interfering with cell membrane integrity, (3) inhibiting nucleic acid 

synthesis, (4) inhibiting protein synthesis, (5) inhibiting certain metabolic pathway 

 antibiotics inhibiting the synthesis of cell wall, example: penicillin 

 According to Chemical Structure 

Such as  (1) beta lactum, (2) quinolones, sulphonamides, etc.  

 Beta lactums are those having beta lactum ring structure in common. This group has 

the four sub-groups: penicillins, cephalosporins, carbapenums, monobactams  

 The Beta Lactums 

The image of the anti biotic,cephaloporin containing the beta-lactam ring has been shown 

in the Figure-1, below where the R1 and R2 groups are very significant. By changing them 

various types of cephalosporins may be obtained.   

 
Figure-1: General structure of cephalosporin. 

The basic structure of penicillin with the N-acyl group and 6-aminopenicillanic acid (6-apa) has 

been demonstrated by the Figure-2, below: 

 

 

 

 

Figure-2: Basic structure of penicillins. 
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Figure-3: Antibiotics available in various colours, shapes and sizes. 

 

 penicillin 

 What are penicillins? 

 penicillins are a group of antibiotics 

 derived originally from common moulds known as Penicillium moulds 

 they are antibacterial drugs work against the infections of wide range of bacteria 

 they are bacteriocidal, i.e. they kill the bacteria which cause infections 

 they have beta lactam ring in common, and hence come under the beta lactam group of 

antibiotic based on chemical structure 

 penicillin works by interfering with bacteria cell walls 

 penicillins revolutionized the history of medical sciences 

 they were the first antibiotic that doctors used and saved millions of life 

 there are several antibiotics in the penicillin class, such as penicillin G, penicillin V, 

procaine penicillin, and benzathine penicillin 

 What is the history behind the discovery and production of penicillin? 

 penicillin was the first antibiotic discovered in 1928 by Alexander 

Fleming, Professor of Bacretiology at St. Mary's Hospital in 

London  

 the discovery was accidental, and the tale is very interesting 

 returning from holiday on September 3, 1928, he started sorting out 

the petri dishes containing the Staphylococcus culture (which 

causes boils, soar throats and abscesses) 

https://www.medicalnewstoday.com/articles/10278.php
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 mistakenly, one petri dish was left  open,  was contaminated 

 he noticed something unusual  on the petri dish  

 it was dotted with colonies, save for one area where a blob of mold 

was growing (evident from the figure) 

 after isolating the sample and testing it, he found that it belonged 

to the penicillium family, Penicillium notatum 

 it was clear, as if  the mold had secreted something that inhibited 

the bacterial growth  

 Flaming found that his ‘mold juice’ was capable of killing a wide range of harmful 

bacteria, such as streptococcus, meningococcus and the diptheria 

bacillus  

 in the early stage, it was difficult to convince people regarding its 

uses 

 but in 1939, using Fleming's work, two researchers, Howard Flory 

and Ernst Chain managed to purify penicillin in a powdered form 

 in 1941 they got success in treating a patient 

 in 1943 they produced penicillin on large scale 

 this helped immensely to casualties who had wounds in WWII 

 thus penicillin was hailed a miracle drug and saved millions of life 

 penicillin’s colossal effects led to the awarding of the Nobel Prize in Medicine and 

Physiology in 1945 to Fleming, Chain, and Florey 

 What is the general structure of Penicillin, explain? 

 penicillins are a group of antibiotics that contain 6-aminopenicillanic acid with a side 

chain of acyl group attached to it (Figure-1, Figure-2) 

 the penicillin nucleus, i.e. the beta-lactam ring is the chief structural requirement for 

biological activity  

 the side-chain structures (R1,R2) determine many of the antibacterial and 

pharmacological characteristics 

 penicillins belong to the beta-lactam group of antibiotics 

 they are the combination of acyl side chain, beta-lactam ring in the middle and 

thaizolidine ring as evident from the Figure-4, below:  

 

 

Figure-4: General structure of penicillins. 

 with the variation of R and M in the structure, the type and nature of penicillins 

 vary 

M 
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 the significance of R and M may be understood from the following Table-1: 

Derivatives 

(R in the side chain) 

Designation R in side chain Units/mg 

of Na salt UK USA 

2-Pentenyl- I F CH3CH2CH=CHCH2- 1600 

n-Amyl Dihydro Dihydro n-C5H11 -   1500 

 I F   

Benzyl- II G C6H5CH2 -  1667 

p-Hydroxy benzyl III X HOC6H5CH3 -  900 

n-heptyl IV K n-C7H15- 2300 

Phenoxy methyl V Vee C6H5 - OCH2 -  1550 
 Note: Penicillin is one of the few antibiotics that is still measured in terms of units rather than weight in milligrams or 

micrograms. One  unit of penicillin G represents the specific activity in 0.6 µg of sodium penicillin. Thus 1 mg 

of penicillin sodium represents 1667 units of penicillin. Similarly other calculations in Table-1. 

 Changes of M in the main ring imparts solubility and ingestion rate control 

 Direct rapid action injection:    M = Na or K 

 Oral tablets:      M = K, Ca, Al 

 Delayed action oil-based injection: M = procaine or other derivative imparts   

limited water solubility  

 the basic structure of all penicillins, natural and semisynthetic, is 6-amino 

penicillanic acid (6-APA) combined with N-acyl group which is variable and shows 

structural differences in different type of penicillins  

 the N-acyl group is the side chain attached to the amino group of 6-amino 

penicillanic acid 

 however, there are three natural penicillins that are produced directly and can be 

obtained from the fermentation liquours of Pencillium 

 these are penicillin G, penicillin V and penicillin F 

 natural penicillins are obtained as salts of sodium (Na) or potassium (K) or procaine. 

 penicillins are generally available in the form of sodium (Na) and potassium (K) salts 

  the sodium salts of different penicillins have been shown in the Figure-5.  

 

Figure-5: Sodium salts of different penicillins. 
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 What is an ideal penicillin? 

An ideal penicillin contains the following properties: 

 kills pathogenic bacteria causing infections 

 causes no allergy to the host cells or the patients on whom administered 

 does not cause damage /harm to the host cells or the patients on whom used 

 should be stable when stored in liquid or solid forms  

 Classification of penicillins based on the mode of production 

There are two broad classification based on the way penicillins are synthesized. They are 

natural, biosynthetic and semisynthetic. 

 Natural Penicillins 
 are those produced or harvested naturally by the mold through fermentation 

 they were the first antibiotics used in clinical practice 

 they inhibit bacterial cell wall synthesis and thus kill or inhibit the propagation of 

infecting bacteria 

 Example:Penicillin G (benzyl penicillin), the addition of precursor, phenoxy 

acetic acid only stimulates the synthesis of Penicillin G, i.e. enhances the yield  

 Biosynthetic Penicillins 

 are those synthesized by the mold on addition of the precursor 

 Example: Penicillin V (phenoxymethyl penicillin),  is produced  by the mold only 

when phenoxy acetic acid is added as a precursor during fermentation 

 Semisynthetic Penicillins 

 many penicillins cannot be made at all by fermentation, presumably  because 

their side chain acid cannot be taken up by mycelia or cannot be activated once 

inside mycelia 

 such penicillins are manufactured by chemical reactions which attach the side 

chain to the 6-aminopenicillinic acid (6-APA) 

 the process is known as semi-synthesis, whereas the substance is semi-synthetic 

penicillin 

 some of these penicillins can also be made by enzymatic synthesis 

 the discovery of penicillin early in this century revolutionized medical care 

 although penicillin enjoyed remarkable success against various bacterial agents 

 but the emerging bacterial resistance has limited its effectiveness 

 the development of the semisynthetic penicillins has prevented the penicillins 

from becoming obsolete 

 the semisynthetic penicillins have improved coverage and effectiveness against 

a wide range of organisms, including most streptococcal and staphylococcal 

species, aerobic gram-negative organisms, and many anaerobic organisms 

 the semisynthetic penicillins can be administered either orally or parenterally 

and in many cases are less costly to administer than other antibiotics 

 the semisynthetic penicillins can be used singly in most situations, but when 

treating highly resistant organisms, such as pseudomonas, combined therapy 

with an aminoglycoside may be required. In obstetrics and gynecology, the 

semisynthetic penicillins are used in surgical prophylaxis, intra-amniotic 

infection, mastitis, endometritis, and other pelvic infections 

 Examples are amoxicillin, ampicillin, azidocillin, azolocillin 
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 What are the various formulations of penicillins available? 

Penicillins are available in the following formulations: 

 tablets, capsules, oral suspensions, powder for oral suspension, powder for injection 

 What are the examples of penicillin antibiotics available? 

 Following are some examples: 

 penicillin V 

 penicillin G (Pfizerpen, Permapen) 

 amoxicillin (Amoxil) 

 amoxicillin/clavulonate (Augmentin) 

 ampicillin (Unasyn) 

 nafcillin (Nallpen) 

 oxacillin (Bactocill) 

 dicloxacillin (Dycill, Dynapen are discontinued brands in the US; generic is available) 

 cloxacillin (discontinued in the US) 

 piperacillin (Pipracil) 

 piperacillin/tazobactam (Zosyn) 

 ticarcillin (Ticar) (Discontinued in the US; ; generic is not available) 

 ticarcillin/clavulonate (Timentin) (Discontinued in the US and a generic is not 

available.) 

 What are the side effects of penicillin? 

The side effects are: 

 diarrhea that is watery or bloody 

 fever chills, body aches, flu symptoms 

 easy bruising or bleeding, unusual weakness 

 urinating less than usual or not at all 

 severe skin rash, itching, or peeling 

 agitation, confusion, unusual thoughts or behavior, or 

 seizure (black-out or convulsions) 

 What is antibiotic resistance?  

 antibiotic resistance occurs when bacteria change in some way that reduces or 

eliminates the effectiveness of drugs, chemicals or other agents desined to cure or 

prevent infections 

 the bacteria survive and continue to multiply causing more harm 

 it is the ability of the microbes to resist the effects of medication that once could 

successfully treat the patient 

 World Health Organization (WHO) on “antibiotic resistance” 

 antibiotic resistance is one of the biggest threats to global health, food security, and 

development today  

 antibiotic resistance can effect any, of any age, in any country 

 antibiotic resistance occurs naturally but misuse of antibiotic in humans and animals is 

accelerating the process 

 a growing number of infections – such as pneumonia, tuberculosis, gonorrhea, and 

salmonellosis – are becoming harder to treat as the antibiotics used to treat them 

become less effective 

 antibiotic resistance leads longer hospital stays, higher medical costs and increased 

mortality 

 

 

https://www.medicinenet.com/penicillin_v_phenoxymethyl_penicillin/article.htm
https://www.medicinenet.com/amoxicillin/article.htm
https://www.medicinenet.com/amoxicillin/article.htm
https://www.medicinenet.com/amoxicillin_vs_levaquin/article.htm
https://www.medicinenet.com/amoxicillin_and_clavulanic_acid/article.htm
https://www.medicinenet.com/ampicillin/article.htm
https://www.medicinenet.com/piperacillintazobactam_sodium-injection/article.htm
https://www.medicinenet.com/ticarcillin_and_clavulanate_potassium/article.htm
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 COMMercial production of penicillin 

 Schemati diagram representation of commercial production penicillin 

 
Figure-6: Schematic representation for large-scale production of Penicillin G. Steps are self 

explanatory “OUR”: oxygen uptake rate, “OTR”: oxygen transfer rate, “MCB”: master cell bank, 

and “MWCB”: manufacturer’s working cell bank. 
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 Commercial Production:    Aerobic Batch Fermentation  

 Aerobic batch fermentation has been shown in the Figure-7. The culture, Penicillium 

crysogennum  developed on the agar slant is aseptically transferred to shake flask for 

getting suspension of the culture, then from the shake flask ascetically to seed transfer 

vessel  for further growth. Then from there to transfer vessel (seed tank). Desired 

physicochemical conditions are maintained in these steps. When the seed culture is 

ready, then it is transferred to the final fermentation vessel as shown the Figure-9.  

 The fermentation medium which contains maiz steep liquor or similar base is diluted 

to a 4 – 5 % solids, fortified with 4 – 5 % lactose solids and nutrients, such as 

magnesium, zinc and/or sodium sulfate, ammonium acetate, and potassium 

dihydrogen sulfate in amount of less than 0.2%. Calcium carbonate is added to adjust 

the pH to 5 – 6. The various types and amount of alkali added depends on the starting 

liquor.  

 In order to control the yield and type of penicillin desired, organic precursors are also 

added to the main fermentation unit. For example, type-II penicillin or penicillin G 

requires phenyl acetic acid precursor.  

 The sterilization of the fermentation medium is highly significant. Moist heat 

sterilization is carried out at 115 
0
C for ½ hour. Then the medium is cooled to 20 

0
C, 

then inoculated with the specific mold culture, Penicillium crysogennum for Type-II 

penicillin (penicillin G).  

 Strile air is blown through the the fermentor for 4 – 5 days under temperature control 

of ± ½ 
0
C. Quality and quantity (yield)  of penicillin is maximized by periodic assay 

of the fermentation broth.  

 Separation of the penicillium mold from rest of the broth is accomplished by vacuum 

rotary filter. The separated mold is used as a food supplement.  

 Separation of penicillin from the mycelia free broth is achieved by solvent extraction. 

Suspended solids are removed by continuous filtration at 1 – 2 
0
C. The clear filtrate or 

beer is adjusted to pH of 2.5 with dilute phosphoric acid (10% H3PO4). Penicillin salt 

is extracted with amyl acetate.  

 The raffinate or water phase is sent to a solvent recovery still (stripper). The extract is 

buffered with sodium salt solution to a pH of 7.5 in a continuous mixer and the crude 

penicillin returns to the aqueous phase. The mixture is centrifuged and the solvent is 

recirculated.   

 The penicillin is purified by a second acidic extraction, followed by a reversion to a pyrogen-

free distilled water solution containing the alkaline salt of the desired element i.e. Na, K, Ca, 

or Al.  

 The purified aqueous concentrate is separated from solvent in a super centrifuge and then 

pressurized through a biological filter to remove final traces of bacteria and pyrogens. This 

solution can be concentrated by freeze drying or vacuum spray drying.  

 Crtstalline penicillin salts can be obtained by salting out a saturated solution with a neutral 

salt containing the cation desired in the final penicillin salt. It can be further purified by 

recrystallization  from organic solvents.  

 The oil-soluble procaine penicillin is made by reacting a penicillin concentrate (20 – 30%) 

with a 50% aqueous solution of procaine hydrochloride. Procaine penicillin crystallizes from 

this mixture.  
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Figure-7: Schematic diagram for batch production of penicillin. 

 

 
 

Figure-9: Main fermentation unit (Bioreactor) used for production. 
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 significance of precursors in penicillin bioseynthesis 

 the precursors, ultimately the side chains have great impact on the properties of penicillins 

 if penicillin fermentation is carried out without the addition of side chain precursor, the 

natural penicillins are formed from which only benzyl penicillin can be isolated 

 however, the desired penicillin can be obtained by adding suitable side chain precursor into 

the medium 

 such penicillins are called as semi-synthetic penicillins 

 Penicillin-G and Penicillin-V are generally produced commercially  

 when compared to natural penicillins, semisynthetic penicillins have improved characters 

viz, acid stability, resistance to plasmid or chromosomally coded β-lactamases, expanded 

antimicrobial effectiveness and are therefore, extensively used in therapy 

 different penicillins with their precursors and R side chains have been shown in Figure-9 

 

 
 

Figure-9: Different penicillins with their precursors and side chain R. 



After just over 75 years of penicillin’s clinical use, the world 
can see that its impact was immediate and profound. In 
1928, a chance event in Alexander Fleming’s London labo-
ratory changed the course of medicine. However, the pu-
rification and first clinical use of penicillin would take more 
than a decade. Unprecedented United States/Great Britain 
cooperation to produce penicillin was incredibly successful 
by 1943. This success overshadowed efforts to produce 
penicillin during World War II in Europe, particularly in the 
Netherlands. Information about these efforts, available 
only in the last 10–15 years, provides new insights into 
the story of the first antibiotic. Researchers in the Nether-
lands produced penicillin using their own production meth-
ods and marketed it in 1946, which eventually increased 
the penicillin supply and decreased the price. The unusual 
serendipity involved in the discovery of penicillin demon-
strates the difficulties in finding new antibiotics and should 
remind health professionals to expertly manage these ex-
traordinary medicines.

According to British hematologist and biographer Gwyn 
Macfarlane, the discovery of penicillin was “a series 

of chance events of almost unbelievable improbability” (1). 
After just over 75 years of clinical use, it is clear that peni-
cillin’s initial impact was immediate and profound. Its de-
tection completely changed the process of drug discovery, 
its large-scale production transformed the pharmaceutical 
industry, and its clinical use changed forever the therapy 
for infectious diseases. The success of penicillin production 
in Great Britain and the United States overshadowed the 
serendipity of its production and the efforts of other nations 
to produce it. Information on penicillin production in Eu-
rope during World War II, available only in the last 10–15 
years, provides new insights into penicillin’s story.

Dawn of Chemotherapy and the “Magic Bullet”
At the beginning of the 20th century, Paul Ehrlich pio-
neered the search for a chemical that would kill a microor-
ganism and leave the host unaltered—the “magic bullet.” 
Ehrlich also coined the term chemotherapy: “There must 
be planned chemical synthesis: proceeding from a chemical 
substance with recognizable activity, making derivatives 
from it, and then trying each to discover the degree of its 
activity and effectiveness. This we call chemotherapy” (2).  

After extensive testing, he found a drug with activity 
against the bacterium Treponema pallidum, which causes 
syphilis. The introduction of this drug, arsphenamine 
(Salvarsan), and its chemical derivative neoarsphenamine 
(Neosalvarsan) in 1910 ushered in a complete transforma-
tion of syphilis therapy and the concept of chemotherapy. 
Unfortunately, despite exhaustive searches, the promise of 
more magic bullets for microbial therapy remained elusive. 
For 20 years, Salvarsan and Neosalvarsan were the only 
chemotherapy for bacterial infections.

Alexander Fleming’s Discovery 
A chance event in a London laboratory in 1928 changed the 
course of medicine. Alexander Fleming, a bacteriologist at 
St. Mary’s Hospital, had returned from a vacation when, 
while talking to a colleague, he noticed a zone around an 
invading fungus on an agar plate in which the bacteria did 
not grow. After isolating the mold and identifying it as 
belonging to the Penicillium genus, Fleming obtained an 
extract from the mold, naming its active agent penicillin. 
He determined that penicillin had an antibacterial effect on 
staphylococci and other gram-positive pathogens.

Fleming published his findings in 1929 (3). However, 
his efforts to purify the unstable compound from the extract 
proved beyond his capabilities. For a decade, no progress 
was made in isolating penicillin as a therapeutic compound. 
During that time, Fleming sent his Penicillium mold to any-
one who requested it in hopes that they might isolate peni-
cillin for clinical use. But by the early 1930s, interest had 
waned in bringing to life Paul Ehrlich’s vision of finding 
the magic bullet.

Discovery of Prontosil and Sulfa Drugs
This dismal outlook on chemotherapy began to change 
when Gerhard Domagk, a German pathologist and bacte-
riologist, found bacteriologic activity in a chemical deriva-
tive from oil dyes called sulfamidochrysoïdine (also known 
as Prontosil). This compound had bacteriologic activity in 
animals, but strangely, none in vitro. Prontosil had limited 
but definite success when used to treat patients with bacte-
rial infections, including Domagk’s own child. A German 
company patented the drug, and ultimately, Domagk won 
a Nobel Prize in 1939. The paradox of Prontosil’s in vivo 
success but lack of success in vitro was explained in 1935, 
when French scientists determined that only part of Pronto-
sil was active: sulfanilamide. In animals, Prontosil was me-
tabolized into sulfanilamide. Within 2 years, sulfanilamide 
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and several derivative sulfa drugs were on the market. The 
success of sulfanilamide changed the cynicism about che-
motherapy of bacteria (1).

Isolation of Penicillin at Oxford University
The success of sulfa drugs sparked interest in finding 
other agents. At Oxford University, Ernst Chain found 
Fleming’s 1929 article on penicillin and proposed to his 
supervisor, Howard Florey, that he try to isolate the com-
pound. Florey’s predecessor, George Dreyer, had written 
Fleming earlier in the 1930s for a sample of his strain 
of Penicillium to test it for bacteriophages as a possible 
reason for antibacterial activity (it had none).  However, 
the strain had been saved at Oxford. In 1939, Howard 
Florey assembled a team, including a fungal expert, Nor-
man Heatley, who worked on growing Penicillium spp. 
in large amounts, and Chain, who successfully purified 
penicillin from an extract from the mold. Florey oversaw 
the animal experiments. On May 25, 1939, the group in-
jected 8 mice with a virulent strain of Streptococcus and 
then injected 4 of them with penicillin; the other 4 mice 
were kept as untreated controls. Early the next morning, 
all control mice were dead; all treated mice were still 
alive. Chain called the results “a miracle.” The research-
ers published their findings in The Lancet in August 1940, 
describing the production, purification, and experimental 
use of penicillin that had sufficient potency to protect ani-
mals infected with Streptococcus pyogenes, Staphylococ-
cus aureus, and Clostridium septique (4).

After the Oxford team had purified enough penicil-
lin, they began to test its clinical effectiveness. In Feb-
ruary 1941, the first person to receive penicillin was an 
Oxford policeman who was exhibiting a serious infec-
tion with abscesses throughout his body. The adminis-
tration of penicillin resulted in a startling improvement 
in his condition after 24 hours. The meager supply ran 
out before the policeman could be fully treated, howev-
er, and he died a few weeks later. Other patients received 
the drug with great success. The Oxford team then pub-
lished their clinical findings (5). At the time, however, 
pharmaceutical companies in Great Britain were unable 
to mass produce penicillin because of World War II 
commitments. Florey then turned to the United States 
for assistance.

Penicillin and US Involvement
In June 1941, Florey and Heatley traveled to the United 
States. Concerned about the security of taking a culture of 
the precious Penicillium mold in a vial that could be stolen, 
Heatley suggested that they smear their coats with the Peni-
cillium strain for safety on their journey. They eventually 
arrived in Peoria, Illinois, to meet with Charles Thom, the 
principal mycologist of the US Department of Agriculture, 

and Andrew Jackson Moyer, director of the department’s 
Northern Research Laboratory. Thom corrected the iden-
tification of Fleming’s mold to P. notatum; it was initially 
identified as P. rubrum (1).

Thom also recognized the rarity of this P. notatum 
strain because only 1 other strain in his collection of 
1,000 Penicillium strains produced penicillin. The strain 
that was eventually used in mass production was a third 
strain, P. chrysogenum, found in a moldy cantaloupe in 
a market, which produced 6 times more penicillin than 
Fleming’s strain. When a component of the media that 
Heatley used to grow the mold in England was unavail-
able, A.J. Moyer suggested using corn steep liquor, a 
waste product from the manufacture of cornstarch that 
was available in large quantities in the midwestern Unit-
ed States. With corn steep liquor, the investigators pro-
duced exponentially greater amounts of penicillin in the 
filtrate of the mold than the Oxford team had ever pro-
duced. Heatley remained in Peoria for 6 months to work 
on methods of growing Penicillium strains in large quan-
tities. Florey headed east to interest the US government 
and multiple drug companies in penicillin production. 
The US government took over all penicillin production 
when the United States entered World War II. Research-
ers at drug companies developed a new technique for 
producing enormous quantities of penicillin-producing 
Penicillium spp.: deep-tank fermentation. This process 
adapted a fermentation process performed in swallow 
dishes to deep tanks by bubbling air through the tank 
while agitating it with an electric stirrer to aerate and 
stimulate the growth of tremendous quantities of the 
mold. Unprecedented United States/Great Britain co-
operation for penicillin production was incredibly suc-
cessful. In 1941 the United States did not have sufficient 
stock of penicillin to treat a single patient. At the end 
of 1942, enough penicillin was available to treat fewer 
than 100 patients. By September 1943, however, the 
stock was sufficient to satisfy the demands of the Allied 
Armed Forces (6).

Public Awareness: The Fleming Myth
Early in 1942, Florey and Heatley went back to England. 
Because of the shortage of penicillin supplies coming from 
the United States, the Oxford group still had to produce 
most of the penicillin they tested and used. In August 1942, 
Fleming obtained some of the Oxford group’s supply and 
successfully treated a patient who was dying of streptococ-
cal meningitis. When the patient recovered, the cure was 
the subject of a major article in The Times newspaper in 
Great Britain, which named Oxford as the source of the 
penicillin. However, neither Florey nor Fleming was ac-
knowledged in the article, an oversight quickly corrected 
by Fleming’s boss, Sir Almroth Wright. He wrote a letter to 
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The Times expounding on Fleming’s work and suggested 
that Fleming deserved a “laurel wreath.” Fleming happily 
talked to the press. Florey not only did not speak with the 
press but prohibited any member of the Oxford team from 
giving interviews, leading many to erroneously believe that 
Fleming alone was responsible for penicillin.

Secrecy in Wartime England
The British government went to great lengths to prevent 
the means for producing penicillin from falling into en-
emy hands. However, news about penicillin leaked out. 
A Swiss company (CIBA, Basal, Switzerland) wrote to 
Florey requesting P. notatum. Concerned about respond-
ing, Florey contacted the British government. Agents at-
tempted to track down where Fleming’s Penicillium cul-
tures had been distributed. Fleming wrote, “During the 
past 10 years I have sent out a very large number of cul-
tures of Penicillium to all sorts of places, but as far as I 
can remember NONE have gone to Germany” (7). Florey 
believed that, without the mold, no one in Germany could 
produce penicillin even though his publication had pro-
vided a “blueprint” for its small scale manufacture. Florey 
was wrong, and so was Fleming.

Fleming had sent a culture of Penicillium strains to 
“Dr. H. Schmidt” in Germany in the 1930s. Schmidt was 
unable to get strain to grow, but even though the Germans 
did not have a viable strain, other Europeans did.

Production during World War II

France
Someone at Institut Pasteur in France, had Fleming’s 
strain. In 1942, efforts began at Institut Pasteur and Rhone-
Poulenc to produce penicillin. Eventually, German officials 
found out and, in early 1944, the Germans asked the French 
for their P. notatum. They were given a false strain that did 
not produce penicillin. With limited supplies, the French 
produced only enough penicillin to treat ≈30 patients be-
fore the wars end.

The Netherlands 
The situation in the Netherlands was different. The Cen-
traalbureau voor Schimmelcultures (CBS) near Utrecht 
had the largest fungal collection in the world. A published 
list of their strains in 1937 included P. notatum. A letter 
found at CBS shows that in February 1942 the Nazis asked 
CBS to send their strain of P. notatum to Dr. Schmidt in 
Germany, mentioning penicillin in the letter. CBS told the 
Germans they did not have Fleming’s strain of P. notatum. 
In fact, they did. In the 1930s, Fleming had sent his strain 
to Johanna Westerdijk, the CBS director. Westerdijk could 
not refuse the German request for their strain of P. notatum 
but sent them the one that did not produce penicillin.

Efforts to produce penicillin in the Netherlands went 
underground at a company in Delft, the Nederladsche 
Gist-en Spiritusfabriek (the Netherlands Yeast and Spirit 
Factory, NG&SF). After the German occupation in 1940, 
NG&SF was still allowed to function. Because Delft was 
not bombed in the war, NG&SF’s efforts were unaffected. 
In early 1943, NG&SF’s executive officer, F.G. Waller, 
secretly wrote to Westerdijk at CBS, asking for any Peni-
cillium strains that produced penicillin. In January 1944, 
Westerdijk sent all of CBS’ Penicillium strains to NG&SF.

Four reports in NG&SF records detailed their ef-
forts (8). In the first report, NG&SF scientists tested 18 
Penicillium strains from CBS; they found 1 strain with 
the greatest antibacterial activity, which was coded P-6 
and was identified as P. baculatum. The second report 
discussed how NG&SF scientists then isolated an extract 
from P-6. They gave the substance in the extract the code 
name Bacinol after the species from which it was derived 
and to keep the Germans unaware of what they were do-
ing (Figure). As Waller wrote, “When we first started 
looking, in 1943, only one publication was available, that 
of Fleming in 1929. It was on that basis we started our 
research” (6). NG&SF researchers then had help from 
an unanticipated source. In 1939, Andries Querido was 
employed by NG&SF as a part-time advisor. By January 
1943, however, his Jewish background limited his vis-
its. On his last visit in the summer of 1944, Querido met 
someone in Amsterdam‘s Central Train Station who gave 
him a copy of the latest Schweizerische Medizinische 
Wochenschrift (Swiss Medical Journal), which he passed 
on to the NG&SF scientists. The June 1944 issue con-
tained an article entirely devoted to penicillin, showing 
the results that the Allies had achieved, including details 
of penicillin growth in corn steep extract, the scaling up 
of penicillin production, the measurement of strength by 
the Oxford unit, results of animal and human studies, and 
identification of the bacteria known to be susceptible to 
penicillin. The third report described how NG&SF scien-
tists isolated Bacinol from the extract using the informa-
tion supplied secretly by Querido.

Large-scale production would be difficult to do and to 
keep secret from the Germans, especially with a German 
guard on site. However, NG&SF scientists used an obvi-
ous ploy to keep the German guard, who knew nothing 
about microbiology, at bay: they kept him drunk. “We did 
have a German guard whose job it was to keep us under 
surveillance, but he liked gin, so we made sure he got 
a lot. He slept most afternoons” (6). NG&SF scientists 
used milk bottles for growing large quantities of Penicil-
lium mold. From July 1944 until March 1945, production 
of Bacinol continued, as detailed in the fourth report. At 
the end of the war, the NG&SF team still did not know 
if Bacinol was actually penicillin until they tested it 
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against some penicillin from England, proving it to be the 
same compound. NG&SF began marketing the penicil-
lin they produced in January 1946. Although the original 
building where Bacinol was produced was demolished, 
NG&SF named a new building in honor of their WWII  
efforts (Figure). 

The Nazis eventually succeeded in making penicillin 
by October 1944. However, Allied air raids crippled mass 
production of the drug (9).

Patents
The issue of a patent for penicillin was a controversial 
problem from the beginning. Chain believed that obtaining 
a patent was essential. Florey and others viewed patents 
as unethical for such a life-saving drug. Indeed, penicillin 
challenged the basic notion of a patent, considering it was 
a natural product produced by another living microorgan-
ism. The prevailing view Great Britain at the time was that 
a process could be patented, but the chemical could not. 
Merck (New York, NY, USA) and Andrew Jackson Moyer 
each filed patents on the process of penicillin production 
with no opposition. Eventually, at war’s end, British scien-
tists were faced with paying royalties for a discovery made 
in England. The penicillin production at NG&SF turned 
out to be more than of historical interest. Because NG&SF 
had researched and developed their own penicillin using 
their own mold culture, P. baculatum, and used their own 
production methods, they were not embroiled in any patent 
clash; the marketing of their penicillin eventually increased 
penicillin supply and decreased prices.

Nobel Prize in 1945
Penicillin’s colossal effects led to the awarding of the No-
bel Prize in Medicine and Physiology in 1945 to Fleming, 
Chain, and Florey. Penicillin was isolated from other mi-
croorganisms, which led to a new term, antibiotics. Using 
similar discovery and production techniques, researchers 
discovered many other antibiotics in the 1940s and 1950s: 
streptomycin, chloramphenicol, erythromycin, vancomy-
cin, and others.

Conclusions
Lessons can be learned from the circumstances sur-
rounding the discovery of penicillin. The US govern-
ment’s successful takeover of penicillin’s production 
and the unprecedented cooperation among drug com-
panies (and nations) should strongly encourage public/
private partnerships as we search for additional effective 
antimicrobial drugs. In addition, despite their essential 
value in modern medicine, antibiotics are also the only 
class of drugs that lose their efficacy with large-scale 
use as bacteria develop antibiotic resistance. We now are 
struggling with resistant bacteria that cause infections 
that are virtually untreatable. Infections such as those 
occurring after transplantation and surgical procedures, 
caused by these highly antibiotic-resistant pathogens, 
are threatening all progress in medicine. Yet, drug com-
panies, some of the same companies that helped develop 
penicillin, have nearly abandoned efforts to discover 
new antibiotics, finding them no longer economically 
worthwhile. The dry pipeline for new antibiotics has led 
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Figure. Bacinol 2, building named 
in honor of the site of efforts in the 
Netherlands to produce penicillin 
during World War II and the drug 
produced by the Netherlands 
Yeast and Spirit Factory in Delft. 
Bacinol was a code  
name for penicillin. Source: 
https://commons.wikimedia.
org/wiki/File:Delft_-_Gevel_
Bacinol_2.jpg 



Discovery of Penicillin

the Infectious Diseases Society of America and others to 
call for a global commitment to the development of new 
agents (10). We also must expertly manage the drugs 
that are currently available. The noteworthy serendipity 
involved in the discovery of penicillin should remind us 
that new antibiotics are difficult to find and, more impor-
tant, should make us mindful when using these limited 
medical treasures.
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In 1974, Lewis Thom-
as (1913–1993), physi-
cian, professor, and dean, 
published The Lives of A 
Cell, the first of 2 books 
subtitled Notes of a Biol-
ogy Watcher. The phrase 
“lives of a cell” refers to 
the independent yet inter-
related parts of a human 
cell—including mitochon-
dria, centrioles, and basal  
bodies—that once led in-
dependent lives. With-

out these previously independent lives working to-
gether, we would not have the capacity for thought, 
communication, and movement. Dr. Thomas wrote, 
“Our membranes hold against equilibrium, maintain 
imbalance, bank against entropy…. We are shared, 
rented and occupied.”

Our human lives do not depend just on the lives 
in our individual cells. Our lives depend fully on the 
earth, including the atmosphere, and the many oth-
er human and nonhuman lives that occupy it. In ex-
plaining this complex interdependence, Dr. Thomas 
observed that the earth is “most like a cell.” This 
second interpretation of lives of a cell refers to the 
many interrelated earthly entities, such as plants, 
whales, humans, and even viruses, that “dart rather 
like bees from organism to organism, from plant to 
insect to mammal to me and back again,” all pro-
tected by the sky—a membrane that “works, and for 
what it is designed to accomplish it is as infallible as 
anything in nature.”

EID Podcast:  
Lives of a Cell:  
40 Years Later,  

A Third Interpretation

Visit our website to listen: 
http://www2c.cdc.gov/podcasts/ 

player.asp?f=8637494
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Why is the world suffering from a penicillin shortage?
Once considered a miracle drug, few companies now make the antibiotic, and
antibiotic resistance is rising as a result.

FEATURE / LONGFORM

A mother holds her baby, who was born with syphilis in a hospital in Brazil. A shot of penicillin is enough

to cure the disease, linked to severe malformation in babies [Courtesy of Heudes Regis]

Stella Ngubenkomo was 11 years old when she found out that she suffered from a

lifelong heart condition and would require monthly injections of penicillin to avoid

heart failure and premature death.

"My joints used to be very painful and I would get tired easily. Then my mum took me

to the hospital and we learned about my disease. The doctor said I wouldn't live long,"

she recalls. 

https://www.aljazeera.com/profile/keila-guimaraes.html
https://www.aljazeera.com/profile/keila-guimaraes.html
https://www.aljazeera.com/indepth/features/
https://www.aljazeera.com/topics/categories/longform.html
https://www.aljazeera.com/
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For the past 16 years, the resident of Cape Town, South Africa, has gone to a local

clinic once a month to receive an injection of penicillin, the only drug that can prevent

further damage to her heart valves and keep her alive. But, over the past two years, a

shortage of the antibiotic has impacted the delivery of treatment to patients across

South Africa.

 

"At the start of 2015 we experienced shortages of benzathine penicillin G. We then

switched to using ampicillin, but then we ran out of ampicillin as well," says Mark

Sonderup, vice-chairman of the South African Medical Association (SAMA).

https://www.aljazeera.com/topics/country/south-africa.html
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Intramuscular antibiotic benzathine penicillin G is critical to control rheumatic heart

disease, an illness that kills thousands of people every year and from which Stella - and

33 million others worldwide - suffer. Patients can develop the illness from a simple

strep throat infection. Strep throat can be easily cured with a single injection of

penicillin, but if left untreated, the bacteria causing the infection can infect other parts

of the body, including the heart, damaging the valves and changing the lives of

patients forever.

Stella Ngubenkomo at Groote Schuur Hospital in Cape Town, South Africa [Courtesy of Michael Walker]

Shortages of penicillin make treatment for this preventable disease harder. "Clearly,

stock outs are a problem. It means there is limited access to treatment and that is why

rheumatic heart disease still persists," explains Bongani Mayosi, president of the Pan-

African Society of Cardiology (PASCAR).

A worldwide shortage

South Africa isn't alone in its struggle. At least 18 countries, including the US, Canada,

Portugal, France and Brazil, have faced shortages of benzathine penicillin G over the

past three years, according to the World Health Organization.

In the US, a year-long shortage of benzathine penicillin G has made treating syphilis -

a disease that is growing in prevalence - more difficult.

https://www.aljazeera.com/topics/country/canada.html
https://www.aljazeera.com/topics/country/brazil.html
https://www.aljazeera.com/topics/country/united-states.html
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In Brazil, a three-year shortage of benzathine penicillin G came amid an outbreak of

syphilis, a disease linked to severe malformation in babies. The antibiotic is the only

drug that can kill the syphilis bacteria in the fetus.

"The Ministry of Health worked hard to recommend substitute drugs during the

shortage, but there is no scientific basis that some of these antibiotics recommended

actually pass through the placenta wall," explains Maria Luiza Bezerra Menezes,

medical coordinator of hospital Cisam in Recife, the capital of the northeastern state of

Pernambuco.

Substitute medicines can also be more expensive. While a shot of benzathine penicillin

G costs between $2.30 to $ 3.20 (R$7 to R$10) in Brazil, a dose of the antibiotic

ceftriaxone costs double.

When untreated, syphilis during pregnancy can leave newborns blind and deaf and

cause serious bone malformations. It is also linked to a high rate of stillbirths and

infant mortality.
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"Babies born with syphilis demand days of care, generating huge expenses. And

sometimes we don't even have the right drug for treatment," says Luciane Cerqueira, a

doctor at Hospital Universitario Pedro Ernesto in Rio de Janeiro and author of a

recent study on syphilis in pregnant women in the city.

In an attempt to tackle the shortage, Brazil last year imported an emergency stock of

2.7 million vials of benzathine penicillin G.

But, despite such initiatives, doctors still struggle to source the antibiotic.
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The effect of this is seen in hospitals across Brazil. Debora SM, a 21-year-old resident

of Recife, Brazil who asked that her full name not be disclosed, gave birth to a baby

with neurosyphilis in mid-February. The young mother and her son could have been

treated with one shot of penicillin, but despite making numerous visits to her local

clinic, Debora had no antenatal screening tests during her pregnancy as there were no

doctors in the facility to see her.

Doctors collect cerebral fluids from the spine of Debora's baby, born with neurosyphilis, to assess his

condition [Courtesy of Heudes Regis]

Debora only found out that she and her baby had syphilis at the time of delivery. "I got

sad because my son was not born healthy," she says. Her baby was treated with

penicillin for more than 10 days and has endured painful tests to assess the severity of

his condition. "Every time I see the injection I cry," she says.

Over the next 18 months, both Debora and her son will need to regularly visit the

health facility for tests. Only then will doctors be able to assess whether the baby has

been left with any malformation and if the syphilis bacterium is no longer present in

his central nervous system and brain.

Why is there a shortage?
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Just four companies produce the active ingredient for penicillin - a drug that changed

modern medicine 76 years ago - and because the medicine offers little profit, those

companies keep production levels low.

As penicillin has been used to treat diseases, such as syphilis and rheumatic heart

disease, which disproportionately affect poorer countries, the extent of the demand for

the drug also isn't always clearly captured.

"There is a market failure in the penicillin sector: there is a demand, but it comes from

the poor," explains Ganesan Karthikeyan, a cardiologist at the All India Institute of

Medical Sciences in New Delhi, India.

India has the highest number of deaths caused by rheumatic heart disease, with

111,000 fatal cases in 2015, according to WHO Global Health Estimates. But, despite

the number of people affected, the supply of penicillin, the drug that can stop the

disease, has been irregular in the country for the past 15 years.

A private doctor in New Delhi, India, sees a young patient complaining of a sore throat [Courtesy of Anshul

Gupta]

In the case of syphilis, 5.6 million people are infected around the world every year, but

that "is a small market from a pharmaceutical point of view," explains Andy Gray, a

consultant pharmacist and senior lecturer in pharmacology at the University of

KwaZulu-Natal, South Africa.

https://www.aljazeera.com/topics/country/india.html
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The WHO has estimated that a shot of penicillin could have saved more than 53,000

babies from 30 countries who died from syphilis acquired in the womb in 2012.

Another factor that contributes to shortages is the fragmentation of the production

process. Most pharmaceutical companies source the raw materials and the core drug

ingredient - called API - from other companies, then formulate the final medicine,

package and sell it worldwide. So a disruption in one company in this chain can impact

the global supply.
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"If a manufacturer of the active pharmaceutical ingredient leaves the market, this

affects the producers of the finished product, which may cause delays in production

and affect countries sourcing the drug," says Maggie Savage, from the New Market

Opportunities Team at Clinton Health Access Initiative (CHAI), which reviewed the

global availability of benzathine penicillin G last year.

Over the past decade, a few companies have left the market looking for more profitable

products.

"There is no money in penicillin, so companies will not produce it," says New Delhi

doctor Amit Sengupta, global coordinator of People's Health Movement, a global

network of grassroots health activists, civil society organisations and academic

institutions.

Turning to China

Countries hard hit by the shortages have turned to Chinese companies they had

previously avoided buying medicines from as a way of ensuring access to this essential

medicine.

Last July, Brazil exempted a Chinese manufacturer, North China Pharmaceutical

Group Semisyntech Co. Ltd, from a key local drug registry, intended to guarantee that

drugs sold in the country are safe and efficient.

The waiver benefited three Brazilian drugmakers, including Laboratorio Teuto, a local

partner of Pfizer, allowing them to import the unregistered active pharmaceutical

ingredient (API) from the Chinese manufacturer.

The exemption was granted seven months after North China Pharmaceutical Group

Semisyntech Co. Ltd's requests to sell benzathine penicillin G in Brazil were denied by

the country's drug agency on the grounds of non-compliance with good manufacturing

standards.

Prior to that, "critical deficiencies" were found in the Chinese plant by European

authorities.
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During a visit by France's drug agency in November 2014, inspectors found

falsification of documents, lack of data integrity in the quality control laboratory and

risk of contamination in the medicines assembled in the plant, which is located in the

city of Shijiazhuang, Hebei province. The French authority recommended that the

company to be prohibited from supplying penicillin to EU members.

A nurse holds a vial of benzathine penicillin G formulated in Brazil by Laboratório Teuto/Pfizer [Courtesy of

Thiago Facina]

Following the inspection, the manufacturer also lost various certificates of suitability

issued to drugs that meet high quality standards. Hong Kong, Ethiopia and Liberia

recalled vials of penicillin made with ingredients from the plant and distributed by

French drugmaker Laboratoires Panpharma, which sells antibiotics to more than 80

countries.

In March, after another inspection by the EU, North China Pharmaceutical Group

Semisyntech Co. Ltd received a certificate of good manufacturing practices - but it was

valid only for substances for veterinary use.

In a statement, Brazil's Ministry of Health said it has been encouraging local

companies to manufacture penicillin. Neither Brazil's Ministry of Health nor the

country's drug agency, Anvisa, replied to questions about the safety of the unregistered
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ingredients. North China Pharmaceutical Group Semisyntech Co. Ltd has not

responded to requests for a comment.

"Penicillin production is difficult," says consultant pharmacist Gray. "This is a product

with no alternatives and you rely on a few huge global suppliers."

Why aren't more manufacturers producing penicillin?

Three of the four companies that still produce the active pharmaceutical ingredient for

benzathine penicillin G are located in China. These are North China Pharmaceutical

Group Semisyntech Co. Ltd, CSPC Pharmaceuticals Group Ltd. and Jiangxi Dongfeng

Pharmaceutical Co.. The fourth company is Austria-based Sandoz GmbH.

A vial of benzathine penicillin G produced by Pfizer Limited in the medicine cabinet of a doctor in New

Delhi. Almost all the penicillin in the country comes from China [Courtesy of Anshul Gupta]

These companies produce only 20 percent of what they could because benzathine

penicillin G is "off patent, offers little profit and because demand data is extremely

limited," according to the WHO. The medicine's cheap selling price also makes

manufacturers disinclined to enter the market.

With so few producers, drugmakers say they do not have many options when it comes

to sourcing the drug's ingredients.
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Two years ago, while Portugal was struggling with a shortage of benzathine penicillin

G, Portuguese drugmaker Laboratorios Atral SA turned to China after its former

European supplier changed the presentation of the active substance - which Atral says

made it incompatible with its formulation process.

Atral says none of the companies they evaluated in China had the full set of documents

demanded by the the European Union, such as a certificate of suitability or the Active

Substance Master File (ASMF), where a producer details its manufacturing process.

But, with no other options, the European drugmaker assisted the manufacturer in

bringing together a package of information in line with EU legislation. Atral says it has

audited the Chinese manufacturer, whose name it hasn't disclosed, to ensure their

standards.

"It is not easy. There are a few producers and, of those that are in the market, one is

banned and the others don't have complete documentation," says Eduardo Oliveira,

regulatory affairs director of Atral.

The company's penicillin brand Lentocilli S is sold to at least five other countries.

South Africa last year also sourced more than 242,000 vials of unregistered

benzathine penicillin G from North China Pharmaceutical Group Corp (NCPC), the

parenting company of Semisyntech, through an emergency scheme.
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Even India, a leading pharmaceutical producer, outsources almost all production of

penicillin G to China, according to the Indian Drug Manufacturers' Association

(IDMA). "India became unviable as China's price is too low to compete with," says

Ashok Kumar Madan, executive director of IDMA.

Global reliance on a few manufacturers can compromise stability of supply as

manufacturing delays or failure in one of these sites can affect several countries and

millions of patients at once. Shortages mean sick people are sometimes treated with
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less efficient and more expensive drugs. According to a 2015 survey with European

hospital pharmacists, half said patients were given inferior drugs during shortages.

More than a third said stock outs led to medication errors.

And stock outs are not rare. "Hospital pharmacists in Europe will usually face

difficulties in sourcing a medicine that is not immediately available in their country,"

notes Steve Glass, chief commercial officer of Clinigen for North America and Europe,

a company that supplies hospitals with medicines.
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The regulators' dilemma

Such a small number of manufacturers also creates dilemmas for regulators, who have

limited powers to restrict supply from some manufacturers, even when critical

deficiencies have been found on their sites, fearing shortages of life-saving medicines.

According to the European Medicines Agency (EMA), in the past regulators have had

to leave poor-quality drugs on the market to prevent stock outs of essential medicines.

"Very difficult risk-benefit judgements had to be made between poor quality processes

or product, or no product at all," said the agency in a 2012 report.

The agency added that on occasion, "the ability of regulators to take action against a

manufacturing site was restricted", even when companies didn't comply with quality

standards, in order to avoid shortages.

Problems with manufacturing quality have intensified over recent decades as

pharmaceutical companies increasingly source drug ingredients from external

manufacturers, sometimes located far from where they operate. Experts warn that this

practice can increase the risk of bad quality medicines and that a compliant supply

chain is essential.

"Compliance with existing product safety regulations is clearly key to ensuring that

pharmaceuticals are effective and do not harm patients' health," says Natasha Hurley,

campaign manager from Changing Markets Foundation, which has investigated the

supply chain of drug companies over the last years.

Lack of transparency is another issue. Companies rarely disclose who makes the drugs

they sell, claiming the information is a matter of confidentiality. But poor visibility of

the companies who actually produce drugs can make quality control more difficult.

In the case of penicillin, where almost all global production is outsourced to third-

party producers, the issue is even more urgent. "The market itself is very fragmented.

It has been a challenge to know who is really making the drug," says Rosemary Wyber,

deputy director of RhEACH, a group that coordinates global actions to tackle

rheumatic heart disease, who coordinated a report on the availability of benzathine

penicillin G last year.
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"The more we learn from the clinical side and the more we try understanding the

manufacturing side, we realise this is not a transparent market at all."

Are penicillin shortages contributing to antibiotic
resistance?

A pregnant woman goes through a syphilis test in a health clinic in Rio de Janeiro, Brazil, hit by an

outbreak of the disease and by a shortage of penicillin [Courtesy of Thiago Facina]

Doctors are becoming increasingly concerned about antibiotic resistance fuelled by the

use of substitute drugs that are not as effective as penicillin.

Penicillin was once considered a "miracle drug", but global shortages are pushing

doctors towards substitute medicines such as azithromycin - a drug increasingly found

inefficient against certain strains of the bacterium known as Treponema pallidum,

which causes syphilis.

Genetic mutations that make the syphilis bacteria resistant to a family of antibiotics

called macrolides, which includes drugs erythromycin and azithromycin, have been

documented across the world over recent decades.

The extensive use of these drugs is one of the reasons why resistant syphilis has

emerged, according to researchers from the University of Zurich, authors of a paper

about resistant strains of the disease. Penicillin is the first-line therapy against
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syphilis, but macrolides are used when penicillin is not available or in cases of

penicillin allergy.

While antibiotic resistance is a natural process, shortages of first-line medicines can

increase the risk. 

"If penicillin is not available, clinicians are forced to use second-line drugs, such as

macrolides," says Lola Stamm, a microbiologist at University of North Carolina and

author of a recent article on resistant syphilis bacteria.

"Azithromycin works for syphilis as long as the syphilis bacteria does not have a

mutation that confers resistance to the drug. The problem now is that azithromycin-

resistant Treponema pallidum has emerged and spread."

While benzathine penicillin G is a narrow spectrum antibiotic that kills specific germs

- such as the ones that cause syphilis - azithromycin is broad spectrum. This means

that the drug targets multiple species of bacteria in the human body, including non-

harmful ones, such as those that naturally live in the patient's gut.
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"This brings selection pressure among non-harmful bacteria and in turn these bugs

develop various resistance mechanisms against broad spectrum antibiotics," explains

Vikas Manchanda, assistant professor at the Maulana Azad Medical College, in New

Delhi, India.

"This normal flora later transfers resistance to harmful bacteria and other germs in the

patient's own body as well as in the environment where they are shed," adds

Manchanda.

Broad spectrum drugs can also destroy essential bacteria naturally present in the

human body, leaving a patient vulnerable to harmful germs.
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Shortages of benzathine penicillin G also push doctors into using antibiotics from the

macrolide family to control group A strep, the germ related to rheumatic heart disease.

But over the past decade, researchers have identified macrolide-resistant group A

strep in countries such as Argentina, France, Canada, the US and China - and the

prevalence of resistant strains has been increasing.

Macrolides have been used since the 1950s as an alternative therapy against these

bacteria. However, azithromycin's effectiveness in controlling rheumatic heart disease

and avoiding further heart damage caused by group A strep is unknown and there is

now evidence that the drug fails against resistant strains. 

Because of these, the medicine should be kept as a second-line option, but shortages of

penicillin exacerbate its use.

"When injectable penicillin is not available, tablet antibiotics such as macrolides are

used sometimes. For patients, this implies that tablets are equivalent to regular

antibiotic injections. Unfortunately this is not the case - tablet antibiotics are less

effective and may have unintended effects on antimicrobial resistance," says Wyber of

RhEACH.

"Macrolides in particular are concerning because they can drive resistance in group A

strep themselves as well as other organisms like pneumococcus," she adds.

Resistant bugs are a major public health threat worldwide. A recent report

commissioned by the UK government estimated that 700,000 lives are lost annually to

drug resistance.

The report warns that, if not addressed now, resistant organisms will kill as many as

10 million people a year by 2050, with a loss of up to $100 trillion to the global

economy. This scenario has prompted the World Health Organization to name

antibiotic resistance as as one of the most important public health threats of the 21st

century.

No money in the market
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The evolution of bacteria to adapt to the drugs that are meant to kill them was

documented soon after the introduction of the first antibiotics. For example,

penicillin-resistant strains of Staphylococcus aureus, linked to life-threatening

diseases such as pneumonia and meningitis, began to rise as penicillin became widely

available after World War II.

More recently, resistance has become a growing problem as the discoveries of new

antibiotics have slowed down, while shortages of old and useful drugs are on the rise,

limiting the options available for treatment.

According to the Centers for Disease Control and Prevention (CDC), only nine new

antibiotics were developed and approved in the US between 2005 and 2014 - a third of

the number of drugs approved in the 1980s.

Fewer antibiotics are being developed because these drugs now offer lower margins

than other medicines, such as those targeting rare and chronic diseases. A 2011 study

from the London School of Economics estimated that the cost of developing a new

drug ranges from $802 million to $1.7 billion. But while the net present value - the

relationship between the projected costs and revenues of a product - for injectable

antibiotics stood at $100 million, the forecast for drugs to treat musculoskeletal

disorders, such as arthritis, was over $1 billion.

Last year, of the 2,240 new drugs being developed only eight percent were from the

anti-infectives family, which includes antibiotics, according to a report by

QuintilesIMS Institute.

On top of fewer antibiotics being made, old drugs are increasingly under shortage,

because they are cheap and offer little profit. However, ensuring access to these drugs

is crucial for tackling the spread of resistance, argue experts.

"We need new antibiotics, but we also need to preserve the existing ones because they

can save us right now," says Céline Pulcini, who has coordinated a study on shortages

of old antibiotics and resistance in 39 countries across North America and Europe.

The researcher and her team found out that several old medicines useful against

resistant germs were not available in most of the countries surveyed in 2015, mainly

for economic reasons. Benzathine penicillin G, which costs as much as $2 a vial, was
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unavailable in 20 of the nations surveyed.

"When you don't have penicillin to treat syphilis you use ceftriaxone or macrolides,

which are second-line drugs, and then the problem of resistance arises. That is not

good for the patient in terms of efficacy and it is not good for the world because this

selects more resistance," says Pulcini.

Pulcini argues that the development of new drugs should be pursued together with

ensuring that old medicines are available for patients. "There is a very strong focus on

new drugs but almost nothing much is said about existing ones. And that is basically

because there is no much money in this market. The price is so low that nobody is

interested."

"It must be a top priority for governments to solve this," she adds. "We need new

business models and incentives to have old antibiotics in the market, otherwise we will

just lose these drugs."

This project has been funded by the European Journalism Centre (EJC) via its

Innovation Development Reporting Grant Programme.
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