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Introduction:  As part of the biological back-
ground required for bioengineering students 
they are exposed to the concept that life on 
earth has a causally-linked history (organic evo-
lution) and the theory that natural selection is 
the major mechanism driving it.  While the cen-
tral importance of this mechanism in biology is 
made clear, its relevance to biomaterial science 
is less explored.  We have attempted to rectify 
this deficiency in our BE 176 course. 
 Among the many factors that determine 
if a biomaterial is biocompatible as defined by 
Black1, none is more critical than host geno-
type.  This set of instructions has resulted from 
millions of years of evolution guided by natural 
selection through a variety of environments.  It 
is only within the last 60 years or so that the 
environment of homo sapiens has included im-
planted devices, so it is not surprising that 
adaptations that would enhance biocompatibility 
are chance events.  Moreover, the number of 
implanted patients and variety of implants 
present a challenge for any attempt to program 
such adaptations.  Accordingly, given the range 
of genotypes within any human society, it would 
be hubris to expect that any implant would have 
equal success in all patients.  This simple con-
clusion needs to be understood by any gradu-
ate of a biomaterials program who dreams of 
inventing “optimized” biomaterials.  Litigation 
courtrooms are strewn with the remains of such 
dreams. 
 At a more primitive level natural selec-
tion operates within patients microscopically.  
The implantation process and sometimes the 
condition that led to the implant need introduce 
two foreign materials: parasites and the device.  
Both awaken responses that were developed 
as adaptations long before civilization, but have 
undergone significant modification as society 
has industrialized.  These are the foreign body 
and immune reactions.  The foreign body reac-
tion is very old evolutionarily speaking and ex-
ists in all animals to varying degrees.  Not sur-
prisingly, it is relatively non-specific and its cel-
lular components, mainly monocytes, neutro-
phils and fibroblasts are activated by the im-
plantation process.  If the implant has no direct 
effect on host tissues (leaching of toxic chemi-
cals, abrasive irritation, thermal stress, etc.) the 
main concern is parasite contamination, pre-
dominantly by bacteria.  Once an infection be-

gins, natural selection is in operation during the 
ensuing battle between host and invader.  From 
the bacterial point of view host tissue and leu-
kocytes are the selecting elements.  From the 
host point of view it is the bacteria.  Bacteria 
mutate and present new challenges to the host 
with each succeeding 20 minute generation.  
The longer they can hold out, the better the 
chance they will find a successful genotype and 
defeat their prey. 
 Many animals have developed a second 
line of defense against implants and bacteria, 
the immune reaction.  Until recently, the im-
mune system was thought to generate two dis-
crete reactions, innate immunity and adaptive 
immunity.  Innate immunity is fairly common 
amongst these animals and is considered quite 
old.  Adaptive immunity is present only in higher 
animals and considered a recent adaptation.  
Work by immunologists and biomaterial scien-
tists such as Babensee2 has shown crosstalk 
between all three reactions. 
 The adaptive immune reaction in partic-
ular exhibits natural selection at two levels:  1) 
The range of its adaptability has evolved over 
many years as a result, primarily, of fighting 
bacteria and 2) The process of clonal selection 
of B and T lymphocytes allows real time adap-
tation to specific epitopes on the invading im-
munogen.  Immunogens represent the selective 
environment.  Invading bacteria do not surrend-
er. of course, to the immune defense.  They re-
spond to this new environment by mutating with 
each generation until they win or lose.  
 Students are taught to appreciate this 
process by a homework assignment whereby 
they estimate the time for bacterial species for-
mation during an infection.  Given:  1) a human 
generation time of 25 years, 2) a bacterial gen-
eration time of 20 minutes and 3) a human 
speciation interval of 1.8 x 105 years, assume 
all other conditions are equal and calculate the 
time for one bacterial speciation. 
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