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Abstract
Advances in understanding the interaction between 
the human immune system and the microbiome have 
led to an improved understanding of the function of 
the vermiform appendix as a safe-house for benefi-
cial bacteria in the colon. These advances have been 
made despite long standing clinical observations that 
the appendectomy is a safe and effective procedure. 
However, more recent clinical data show that an ap-
pendectomy puts patients at increased risk for recur-
rent Clostridium difficile  (C. difficile )-associated colitis, 
and probably other diseases associated with an altered 
microbiome. At the same time, appendectomy does 
not apparently put patients at risk for an initial onset 
of C. difficile -associated colitis. These clinical observa-
tions point toward the idea that the vermiform appen-
dix might not effectively protect the microbiome in the 
face of broad spectrum antibiotics, the use of which 
precedes the initial onset of C. difficile -associated coli-
tis. Further, these observations point to the idea that 
historically important threats to the microbiome such 
as infectious gastrointestinal pathogens have been 
supplanted by other threats, particularly the use of 
broad spectrum antibiotics.
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Core tip: Although the function of the appendix has 
remained an enigma for centuries, recently emerging 
advances in the fields of immunology and gut micro-
biology have merged with observations made in the 
clinic to form a coherent picture. Although the appen-
dix is apparently a safe-house for beneficial bacteria, it 
seems likely that this safe-house does not satisfactorily 
protect the microbiome from broad spectrum antibiot-
ics. In this view, selection pressures which threatened 
the microbiome and likely drove the evolution of the 
appendix have been supplanted in post-industrial soci-
ety by new threats to the microbiome that the human 
body is not adapted for.
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INTRODUCTION
Is appendectomy the removal of a functional organ?
Appendectomy, like a wide variety of  other surgical 
procedures, is extremely common in industrialized soci-
ety. However, unlike common surgical procedures that 
include sterilizations for contraception, Cesarean sec-
tions, and inguinal hernia repairs, appendectomies are 
frequently performed as a prophylaxis for disease. The 
lifetime risk for appendicitis is only 8.6% for males and 
6.7% for females, contrasting to the 12% and 23% life-
time rate of  appendectomies performed, respectively[1]. 
These numbers indicate that approximately half  of  all 
appendectomies, including more than 60% in females, are 



incidental procedures, aimed at averting future episodes 
of  appendicitis. This approach is generally successful, but 
36 incidental appendectomies are required to prevent one 
case of  appendicitis[1]. Given the large number of  appen-
dectomies currently performed, many of  them elective, 
recently emerging evidence regarding the apparent func-
tion of  the vermiform appendix has justifiably garnered 
much interest.

The idea that the vermiform appendix is a vestige 
of  evolution was developed more than 150 years ago by 
Darwin[2]. The proposal was simple and made sense in 
the light of  available data: the appendix and small cecum 
present in humans and some primates is the remainder 
of  a larger cecum used for fermentation in a human an-
cestor with a diet much higher in fiber[2]. However, recent 
studies using current methods employed in the field that 
Darwin[2] founded have disproved that idea. In summary, 
a modern cladistics-based approach demonstrates that 
the appendix has evolved repeatedly in a wide range of  
animals, that some clades have a propensity to evolve 
an appendix, and that the evolution of  the appendix is 
usually not associated with a decrease in the size of  the 
cecum. In fact, a recent analysis of  361 mammalian spe-
cies found a significant direct correlation between ap-
pendix and cecum size[3]. In other words, the appendix 
tends to be associated with a large cecum, not a smaller 
one. At present, many questions regarding the evolu-
tion of  the appendix remain unanswered: it is not even 

known whether the first appendix evolved before or after 
the first cecum[4], or how often which precedes the other 
in evolution (given the rise of  the appendix more than 
once during evolution). Although the absolute disproof  
of  Darwin’s views of  the appendix is recent, the idea that 
the appendix is a vestige of  evolution has been disputed 
effectively for more than a century. For example, Berry[5] 
concluded in 1900 that, based on anatomical and phylo-
genetic data, “The vermiform appendix of  man is not, 
therefore, a vestigial structure. On the contrary, it is a spe-
cialized part of  the alimentary canal”. Keith[6] supported 
Berry’s views and argued further that that the appendix, 
rather than being a flawed structure which gives rise to 
appendicitis, is a victim of  changes in the environment 
due to industrialization: “When we come to realize how 
slowly evolutionary processes have affected man’s body 
in past times, we can hardly expect our internal digestive 
system to adapt itself  to the rapid pace demanded by the 
ever-accumulating resources of  civilization”.

When Keith[6] recorded his views in 1912, the inci-
dence of  appendicitis had profoundly increased in the 
lifetime of  many practicing physicians, and it was there-
fore correctly surmised that something environmental 
was causing the disease. The opinion of  the day was that 
changing diet following industrialization was in some 
way responsible for appendicitis. Although the view that 
appendicitis was due to an environmental factor or fac-
tors in industrial and post-industrial environments was 
solidified by numerous epidemiologic studies[7-11], it was 
not until the 1980s that Barker et al[12-14] determined that 
factors associated with indoor plumbing were somehow 
responsible for appendicitis[14]. These intriguing findings 
by Barker as well as additional work by Strachan on al-
lergic disease[15] eventually gave rise to the currently held 
view that factors within post-industrial culture, including 
sanitation practices (e.g., toilets and water treatment facili-
ties) and modern medicine, lead to depletion of  species 
normally associated with the ecosystem of  the human 
body, or the “human biome” (not to be confused with 
the “microbiome”, Figure 1). The resulting state, termed 
“biome depletion” is associated with a profoundly over-
reactive immune system that is prone to a variety of  
immune related diseases, including appendicitis. Barker’
s personal view is that the introduction of  running hot 
water into a home might be the single most telling factor 
associated with an increased incidence of  appendicitis 
(personal communication to Parker W). Since hot water 
is necessary for the effective use of  soap, and given the 
effectiveness of  soap in biological decontamination, this 
view makes sense. Here it should be noted that approach-
es which deal with the consequences of  biome depletion 
are expected to one-day make appendicitis a rare disease. 
These approaches involve reconstitution of  the human 
biome without abandoning the modern technology, 
including soap, water treatment facilities and medicine, 
which so effectively prevents the spread of  water-borne 
disease[16-18].

Despite proof  that the appendix is not a vestige of  
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Figure 1  Interactions between the human biome (left Venn diagram) and 
the human immune system (right Venn diagram). In this view, all living 
organisms associated with the human body, either as permanent residents or 
through transient interactions, are part of the human biome. Two subsets of 
the biome, helminths and the microbiome, are shown as being part of the hu-
man biome. The colonic microbiome, in turn, is shown as being a subset of the 
microbiome in the Venn diagram of the human biome. Similarly, the appendix is 
shown as being a subset of the gut associated immune components, which in 
turn are a subset of the entire human immune system. The idea that the biome 
“trains” the immune system, equivalent to the view that the immune system is 
dependent on the biome for proper development, is illustrated. In this model, 
profound alterations in the biome as a result of post-industrial societies lead to 
aberrant immune system development, resulting in a variety of immune related 
pathologies, including appendicitis. The view that the appendix assists in main-
taining of the colonic microbiome is also shown. Alterations in the biome that 
affect immune system training in post-industrial societies predominantly involve 
compartments of the biome other than the microbiome (e.g., loss of helminths), 
so the processes leading to appendicitis are generally distinct from processes 
involved in support of the microbiome by the appendix.
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evolution and that appendicitis is not the result of  a 
faulty structure, the idea that the appendix is a vestige 
seems attractive simply because removal of  the appendix 
does not, to the practicing physician or to the patients 
concerned, seem to have deleterious effects. This obser-
vation, apparent to everyone, presents a quandary: how 
can the appendix have some function, but yet appendec-
tomy has no negative side effects? The answer to this 
quandary is readily apparent if  one considers that actual 
function of  the appendix. 

In 2003 it was observed that the immune system ap-
parently supports growth of  mutualistic biofilms in the 
mammalian gut[19]. This view, although surprising at the 
time due to prevailing views in the field of  immunology, 
now seems rather obvious in hindsight based on current 
knowledge regarding microbial ecology and host-microbe 
relationships[20-22]. This new view led to the evaluation 
of  biofilm distribution in the human gut, and biofilms 
were indeed found to be most abundant in the appendix, 
where immune tissue had long been known to be the 
most abundant within the gut. This biofilm distribution 
in the gut set the stage for a deductive proof  regarding 
the function of  the appendix: Since the appendix is a 
structure harboring microbial biofilms, and since biofilms 
are protective of  bacteria (a long standing observation in 
the field of  microbiology), the appendix is, in essence, a 
safe house for bacteria (Figure 1). Given the shape and 
location of  the appendix, it would indeed be difficult to 
imagine how the appendix might not be protective of  
bacteria.

Given the apparent function of  the appendix, it has 
been proposed that an evolutionary driving force for the 
emergence of  the appendix may be as an aid in the recov-
ery from diarrheal illness associated with gastrointestinal 
(GI) infection. In this view, fragments of  biofilms rou-
tinely shed from the appendix would serve as “seeds” for 
inoculation of  the colon with a normal microbial flora 
following a diarrheal purge[23]. This explanation makes 
sense in light of  (1) the relative seclusion of  the apex of  
the appendix from the fecal stream, which presumably 
affords some protection from pathogenic organisms 
that might temporarily infect the GI tract; and (2) the 
pronounced role of  diarrheal illness in human survival. 
Indeed, water-borne diseases followed by dysentery are 
frequently the leading cause of  death during war and 
natural disasters[24-27], have affected both the rich and the 
poor[28] and are still one of  the leading causes of  death 
in developing cultures[29,30]. These observations are con-
sistent with the view that that rapid reconstitution of  the 
microbiome and restoration of  a normal bowel following 
diarrheal illness might be adaptive in many circumstances. 
In fact, the relatively low mortality rate associated with 
diarrheal illness, less than one percent[31], is possibly a 
testament to the effectiveness of  natural recovery mecha-
nisms such as those that might involve the appendix. 
Adding further weight to this view, a very recent study by 

Guanine et al[32] found that “the human appendix contains 
a wealth of  microbes, including members of  15 phyla”. 
Species identified included members of  phyla which 
constitute more than 98% of  the normal colonic micro-
biome (Firmicutes, Proteobacteria, Bacteroidetes Actinobacteria, 
and Fusobacteria), indicating that the appendix possesses a 
microbial diversity sufficient to reconstitute the microbi-
ome of  the colon.

If  this inductive rationale is correct, the paradoxical 
removal of  the functional appendix without immediate 
and substantial harm is readily explained: Although wa-
ter-borne disease is one of  the leading causes of  death in 
developing countries, the use of  modern water treatment 
facilities and sanitation prevents widespread outbreaks 
of  pathogens which might deplete the normal flora from 
a substantial portion of  the population. Further, the 
absence of  starvation and the presence of  modern medi-
cine in developed countries minimize the effects of  diar-
rheal illness on the population. 

Causes of appendicitis
Approximately 50% of  cases of  appendicitis are generally 
considered to be enigmatic in origin, with the remainder 
being attributed to a blockage of  the appendix. However, 
work from David Barker during the 1980’s first identi-
fied clues which eventually pointed toward the underlying 
cause of  appendicitis. Barker noticed that epidemics of  
appendicitis followed the introduction of  indoor plumb-
ing into various communities. This observation was fol-
lowed by epidemiologic studies showing that appendicitis 
is associated with developed but not with developing 
countries. Almost at the same time, another epidemi-
ologist, Strachan[15], found that a hyper-active immune 
system is a consequence of  the hygienic environment 
following the industrial revolution[15]. Strachan’s observa-
tions point toward the idea that appendicitis, like many 
other allergic, autoimmune, and inflammatory diseases, is 
a result of  biome depletion, a consequence of  industri-
alization[16-18]. This culture-related basis for appendicitis 
explains why the appendix was not selected against dur-
ing the course of  evolution. Many components of  the 
immune system, such as the appendix, are made obsolete 
by post-industrialized society, and these have also not 
been selected against during evolutionary history. Not 
only are these components now obsolete, but these com-
ponents often become overly sensitive due to an absence 
of  stimulation and cause detrimental health effects, such 
as ulcerative colitis that is exacerbated by the appendix[33]. 
Another example of  a maladapted immune component is 
the immune compartment that produces immunoglobu-
lin E (IgE). High levels of  IgE lead to allergies and other 
destructive side effects in industrialized societies, but lev-
els significantly higher than those found in industrialized 
countries are present in developing countries as a result 
of  productive (beneficial) responses to parasitic infec-
tions[34-36].

5609 September 14, 2013|Volume 19|Issue 34|WJG|www.wjgnet.com

Sanders NL et al . Appendectomy and C. difficile  colitis



5610 September 14, 2013|Volume 19|Issue 34|WJG|www.wjgnet.com

protective under these conditions. To our knowledge, 
no studies have addressed this issue. Our laboratory has 
assessed the protection from antibiotics afforded by im-
mune-mediated biofilms in vitro, and found that immune 
mediated biofilms formed by one species (Escherichia coli) 
are poorly protected from antibiotics. However, much ad-
ditional work needs to be done in this field using a wide 
range of  microbial species as well as whole animal mod-
els before any sort of  answer which might have clinical 
implications can be obtained.

The supposition that the appendix, if  indeed it is a 
safe-house for bacteria, should be protective against C. 
difficile colitis has a second potential flaw: If  indeed the 
appendix does not protect mutualistic bacteria from an-
tibiotic use, the appendix could hypothetically protect 
those organisms which are resistant to antibiotics, such as 
C. difficile, from a diarrheal purge. Thus, if  the appendix 
performs its function perfectly, it could hypothetically 
increase the incidence of  C. difficile colitis in the face of  
antibiotic use. Fortunately, this does not appear to be the 
case. At present, clinical data point toward the idea that 
the presence or absence of  an appendix does not strong-
ly affect the propensity for the initial onset of  C. difficile 
colitis. In a study by Im et al[42], 80% of  their patients 
with C. difficile colitis (203 out of  253) had an appendix, 
which is only slightly lower than the percentage found 
in the total population[1]. Another study, by Merchant et 
al[41], obtained essentially identical results, with 80% of  
their patients with C. difficile colitis (109 out of  136) hav-
ing an appendix. Merchant et al[41] found that 82% of  
“normal” individuals (in their study, patients without GI 
complaints) had an appendix, as would be expected based 
on larger studies[1]. However, these observations do not 
directly address the actual effect of  the appendix on the 
propensity for C. difficile colitis following antibiotic use, 
since they do not address the effect of  appendectomy on 
the use of  antibiotics. In other words, the data indicate 
that appendectomy does not affect the risk for C. difficile 
colitis, but it does not indicate whether an appendectomy 
might affect the risk for C. difficile colitis following anti-
biotic treatment. Since Merchant et al[41] did not control 
for antibiotic treatment, increased antibiotic use in those 
with an appendix, if  it exists, would have confounded the 
study. Nevertheless, the observations do clearly indicate 
that the loss of  an appendix is not associated with a dra-
matically increased risk for an initial onset of  C. difficile 
colitis.

As stated above, it is possible that a perfectly func-
tional appendix, if  indeed it did not protect the normal 
flora from antibiotics, might selectively protect antibiotic 
resistant organisms such as C. difficile from a diarrheal 
purge. This possibility has been previously proposed by 
Merchant et al[41]. However, since the relative number of  
patients with and without an appendix in patient groups 
with C. difficile colitis is essentially the same as that in 
the normal population, the possibility that the appendix 
preferentially protects C. difficile seems extremely unlikely. 
Further, appendectomy itself  affords a much lower risk 
of  C. difficile colitis (0.2%) compared to colectomy (1.11%) 

THE EFFECT OF APPENDECTOMY IN 
LIGHT OF THE FUNCTION OF THE 
APPENDIX
Although an appendectomy is a relatively simple surgi-
cal procedure, the effects of  removing the appendix are 
not necessarily straightforward. The appendix is associ-
ated with the highest concentration of  gut associated 
lymphoid tissue (GALT) in the gut, and the function of  
the GALT is vastly complex and incompletely under-
stood. Thus, an appendectomy is expected to profoundly 
alter the immune system with its hundreds or possibly 
thousands of  interconnected components. Numerous 
functions have been attributed to the GALT, and it re-
mains unknown how appendectomy alters many of  those 
functions. However, some effects are established. First, 
appendectomy does have a moderating effect on patho-
genic inflammatory immune responses of  the gut. The 
observation that patients without an appendix tend to 
be at less risk for ulcerative colitis is more than 10 years 
old[33]. More recently, Bolin et al[37] used appendectomy 
as a treatment for ulcerative proctitis, a form of  colitis, 
and showed an improvement of  symptoms in 90% of  
patients, with complete remission in 40% of  patients[37]. 
Possibly the most straight-forward explanation for this 
result is that removal of  a substantial amount of  GALT 
from the intestinal tract led to decreased immune reactiv-
ity in the gut. Whether the “safe-house” function of  the 
appendix had anything to do with the result seems more 
speculative. 

The appendix and the initial onset of Clostridium difficile 
colitis
Perhaps the most intriguing effects of  appendectomy 
involve its effects on the incidence of  Clostridium difficile 
(C. difficile) colitis. C. difficile colitis is a pathogenic state 
associated with overgrowth of  the bacterium C. difficile, a 
gram-positive, spore-forming, anaerobic bacillus[38,39], and 
is generally not seen in individuals with a normal micro-
biome. However, alteration of  the normal flora (generally 
by antibiotic use) can lead to overgrowth of  C. difficile and 
subsequent disease. Recurrent C. difficile colitis is not a mi-
nor problem in modern medical practice, with one study 
showing nosocomial C. difficile diarrhea present in 3.4 to 
8.4 cases per 1000 hospital admissions[40], and an increase 
in in-hospital mortality from 2.4% to 13.5%[41]. 

It might at first glance be expected that the appendix, 
if  present, would be protective against C. difficile over-
growth. There is, however, at least one central problem 
with this supposition: it remains unknown if  the appen-
dix can effectively protect mutualistic bacteria against 
the modern antibiotics which generally precede C. difficile 
colitis. It seems reasonable that the appendix has evolved 
in the presence of  enteric pathogens and thus that it may 
be effective in helping the body to recover from infec-
tious disease. However, the use of  high dose antibiotics 
is a very recent development in human history, and thus 
it is not reasonable to assume that the appendix may be 
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small-bowel resection (1.17%) and gastric resection 
(1.02%)[41], further suggesting that the appendix may be 
relatively uninvolved in the initial onset of  C. difficile coli-
tis. In addition, the fact that an intact appendix protects 
against recurrent (as opposed to the initial onset of) C. 
difficile colitis (see below) argues strongly against this view. 
However, again, it is not known to what extent the pres-
ence or absence of  an appendix might affect antibiotic 
use, the major trigger for C. difficile colitis. This factor 
probably needs to be examined before any firm conclu-
sions can be drawn. 

The appendix and recurrent C. difficile colitis
Strong evidence from Im et al[42] study indicates that the 
appendix may play a protective role in recurrent C. dif-
ficile colitis. Im et al found a 2.5-fold increased risk of  
recurrent C. difficile colitis in patients without an appendix 
compared to those with an appendix. Figure 2 illustrates a 
possible scenario that potentially explains the connection 

between the appendix, the initial onset of C. difficile colitis, 
and recurrent C. difficile colitis. The central issue revolves 
around the use of  broad spectrum antibiotics which initi-
ate the initial C. difficile colitis, and the more limited anti-
biotic treatments used after the first C. difficile infection. 
The standard of  care for recurrent and severe C. difficile 
colitis is oral vancomycin, a treatment that is limited to 
the lumen of  the bowel. Given the position of  the ap-
pendix out of  the main flow of  the bowel, it seems likely 
that it may indeed be effective at protecting the normal 
flora from oral vancomycin, just as it putatively protects 
the normal flora from contamination by pathogens in the 
main fecal stream. 

Consistent with the idea that the connection between 
recurrent C. difficile colitis and the appendix involves the 
bacterial safe-house function of  the appendix, recurrent 
C. difficile colitis can be rapidly resolved using fecal micro-
biome transplants[43-45]. This observation indicates that C. 
difficile colitis is indeed an issue involving a depleted gut 

Figure 2  The cycle of microbiome depletion with antibiotics, the occurrence of Clostridium difficile colitis, and recovery of the microbiome. The cycle is 
initiated when the normal colon (A) is depleted of its microbiota using broad spectrum antibiotics (B). Although the microbiota often recovers spontaneously from such 
treatment, the patient is at risk of Clostridium difficile (C. difficile) colitis (C and D) in a fashion that is independent of the presence of an appendix. Although C. difficile 
colitis is often effectively treated with metronidazole or vancomycin (E), the microbiome can fail to normalize, leading to recurrent C. difficile colitis. This cycle of treat-
ment followed by recurrence is indicated by the red arrows. The presence of a vermiform appendix enhances recovery (A and F) of a normal microbiome following C. 
difficile colitis (green arrow), thus averting the cycle of recurrent C. difficile colitis. Colonic microbiota transplants (CMT) are also effective at restoring the normal flora 
and interrupting the cycle of recurrent C. difficile colitis.
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microbiome, thus adding support to the idea that an ap-
pendix might help restore the gut microbiome in times 
of  stress. Indeed, proof  of  a depleted biome in recurrent 
C. difficile colitis patients has been provided by phyloge-
netic analyses of  stool samples in patients with recurrent 
C. difficile colitis: decreased bacterial diversity[46] as well as 
a deficiency of  Firmicutes and Bacteriodetes[47] have been 
demonstrated in those patients. 

Although the function of  the appendix as a safe-
house for the colonic microbiome explains the clinical 
observations illustrated in Figure 2, an alternative, al-
though not mutually exclusive, explanation also exists: 
as noted above, appendectomy probably lowers the im-
munoreactivity of  the gut, and thus may lower the ability 
of  the gut to respond to C. difficile. Thus, the loss of  the 
appendix may, hypothetically, reduce the ability of  the 
immune system to mount an immune response to C. dif-
ficile, which is known to be important in the resolution of  
the colitis. Thus, a second explanation for the connection 
between appendectomy and recurrent C. difficile colitis 
shown in Figure 2 may be that the immunosuppressive 
effect of  appendectomy impedes the immune response 
to C. difficile, thus putting the patient at risk for recurrent 
C. difficile colitis. Consistent with this view, Im’s data also 
indicated that increasing age (> 60 years), which is associ-
ated with reduced immune function, was also a risk factor 
for recurrent C. difficile colitis[42]. In this view, the lack of  
a connection between the initial onset of  C. difficile colitis 
and appendectomy may be due to the lack of  time neces-
sary to mount an immune response that would be depen-
dent on the immune tissue of  the appendix.

The appendix and gastrointestinal pathology unrelated 
to Clostridium difficile
A potentially alarming observation was made in the study 
by Merchant et al[41]: 31 percent (39 out of  121) of  their 
patients which were tested for C. difficile colitis but which 
were found negative for C. difficile colitis had a previous 
appendectomy. This number is very significantly greater 
than is expected if  the presence or absence of  an ap-
pendix was not related in some way: The probability 
(binomial test) of  observing 38 out of  121 patients with 
an appendectomy is < 0.0001 given a null hypothesis of  
0.18 (a population-wide rate of  18% appendectomy). 
If  this observation is confirmed by additional studies, 
it would indicate an association between appendectomy 
and complications which resemble C. difficile colitis (and 
thus induce clinicians to order a test for C. difficile), but 
which are in fact not associated with C. difficile. This idea 
deserves further attention before any firm conclusions 
can be drawn, but the observations made by Merchant 
et al[41] nevertheless have great potential importance, and 
certainly raise a sense of  urgency for further study of  this 
topic. 

The strongest connection between appendectomy 
and inflammatory diseases unrelated to C. difficile colitis 
of  the bowel is provided by the Merchant et al study[41]. 
However, additional indirect evidence for this connection 

is provided by the effectiveness of  colonic microbiota 
transplants in treating some patients whose disease has 
resisted other therapeutic options[43,44]. The effectiveness 
of  microbiota transplants in some patients strongly indi-
cates that a loss of  the normal microbiome is at the root 
of  the symptoms experienced by these patients. Thus, to 
the extent that the appendix assists in maintenance of  the 
microbiome, the lack of  an appendix may influence the 
incidence of  these idiopathic cases. At the same time, it is 
recognized that loss of  the microbiome by a wide range 
of  modern medical interventions (e.g., sterile birth prac-
tices, broad spectrum antibiotics) may circumvent any 
protective role of  the appendix, and direct assessment of  
the rate of  appendectomy in patients with an altered mi-
crobiome should be undertaken.

Alternatives to appendectomy
Acute appendicitis is the widely recognized indication for 
appendectomy, although alternatives involving medical treat-
ment are being considered. Medical treatment alone has the 
substantial disadvantages that (1) heavy use of  antibiotics 
must be employed, which is not without its own side effects; 
and (2) recurrence of  appendicitis following antibiotic use is 
possible. A controlled study by Eriksson et al[48] compared 
the outcomes of  patients treated with a 10 d antibiotic 
regimen (cefotaxime and tinidazole in the hospital for 
two days followed by eight days of  oral antibiotics) versus 
patients who underwent appendectomy. They found that 
patients on the antibiotic regimen used significantly less 
morphine, had lower white blood cell counts, and had 
less pain at follow up. Two surgical patients underwent 
post-operative antibiotic therapy for complications, and 
there was an appendicitis recurrence rate of  35% in the 
antibiotic group. Another study by Styrud et al[49] saw an 
86% success rate with antibiotics with only a 14% recur-
rence rate within one year. The complication rate in the 
surgical group was 14%. These studies suggest that acute 
non-perforated appendicitis can be treated conservatively 
with an antibiotic regimen; however, the risk of  recur-
rence should be compared to the risk of  surgical compli-
cation in the patient. 

Antibiotics have also proven effective at delaying ap-
pendectomy. Nine sailors who were diagnosed with ap-
pendicitis while serving at sea received various antibiotic 
regimens until the men could be taken to a hospital, and 
all achieved positive outcomes[50]. A study of  695 children 
showed that an antibiotic regimen in children allowed the 
appendectomy to be delayed up to 18 h after admission 
without an increase in complications[51].

CONCLUSION
It seems highly likely that the appendix, evolved in a 
time before sewer systems and water treatment facili-
ties existed, is somewhat out of  place in post-industrial 
society. Removal of  the appendix and its associated 
GALT does afford some degree of  immune suppression, 
which can be advantageous in a post-industrial environ-
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ment rampant with inflammatory diseases of  the bowel. 
However, removal of  the appendix may also impede the 
ability of  the body to replenish helpful bacteria, and/or 
appendectomy might hinder helpful immune responses, 
such as those directed at C. difficile. Whatever the cause, 
appendectomy appears to be associated with an increased 
risk for recurrent C. difficile colitis, which is not a minor 
problem in modern medical practice. Indeed, one study 
found nosocomial C. difficile diarrhea present in 3.4 to 8.4 
cases per 1000 hospital admissions[40], and an increase in 
in-hospital mortality from 2.4% to 13.5%[41]. With this 
in mind, further studies aimed at biome reconstitution, 
which are predicted to eliminate the vast majority of  ap-
pendicitis cases, and thus the need for most appendecto-
mies, are warranted. Further, studies regarding the long 
term effects of  incidental appendectomies should be 
carefully considered.
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