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Introduction

The mucosal surface of the respiratory tract
represents the initial defense barrier protecting
infection with a variety of

the host against

microorganisms. Invading organisms must either
pass quickly through the barrier, gaining access
to deeper tissues and ultimately, the blood stream,
or establish residence on the mucosal surface. Fail-
ure to accomplish one of these results in removal

of the organisms by physical mechanisms, princi-
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pally swallowing. Rapid penetration of the
mucosal barrier is uncommon and the great

majority of pathogenic organisms, both viral and
bacterial, initiate their unique pathogenetic se-
quence of events by establishing residence in the
upper respiratory tract. Persistence of a microor-
ganism at a particular site is termed “colonization”.
The distinction between colonization and actual
infection is often difficult. Most authorities re-
quire evidence of either a host response or tissue
Thus,

indicates the persistence of a given microorganism

injury to identify infection. colonization
in the absence of a host response or injury to
the host.

establish a state of colonization for at least some

Presumably, most pathogenic organisms

period of time before causing clinically recognizable
infections. If adherence to host tissues is impor-
tant at all in the pathogenesis of respiratory tract
infections, it would most likely play a role in
promoting colonization.

Selective adherence, or the adherence of only
certain microbes to the cells lining a certain region
of the body, could form the basis for the mainte-
nance of a “normal bacterial flora”?. The factors
responsible for the presence of only certain bacterial
species in the upper respiratory tracts of humans
and lower animals have been the subject of much
speculation for many years. Recent evidence sug-
gests that bacterial adherence may be the major
determinant of the normal flora and provides a
plausible framework in which other, time-honored
One of the

latter might be bacterial antagonism in which one

mechanisms may also be operative.

species of bacteria inhibits the growth of another ;
despite experimental support for this mechanism
extending back to Pasteur, proof that bacterial
antagonism is an important factor in the regulation
of the respiratory tract flora has been circumstantial
at best.

Mechanisms of Adherence

Unfortunately for purposes of clarity, bacteria
appear to adhere to mammalian cells through a
variety of different mechanisms. Not only do the
mechanisms differ among bacterial species, but mul-
tiple adherence mechanisms may be important for

a single species. These factors complicate study of

the adherence process and greatly complicate under.
standing of the significance of a given observatjop,
Further, both bacterial and host factors influence
the adherence process so that mechanisms which
might be important in adherence to one type of
cell may not be important for another. Finally,
it should be remembered that study of the af.
herence process is usually conducted in vitro ang
the conditions under which the assay is performed
may differ markedly from those which exist iy
vivo so that it is difficult to draw firm conclusions
from this type of observation.

Bacteria generally bind to cells via surface ap-
The site of
binding is called the “adhesin” and the cell bind-

pendages known as pili or fimbriae.

ing site a “receptor”. It appears that many bacteri-
a-cell interactions involve highly specific binding re-
actions?. Adhesins are often proteins while cell
receptors most often are carbohydrate-containing
components of membrane glycolipids or glyco-
proteins.  Adherence can be blocked by altering
either. Incubation of bacteria with antibody against
pili, purified pilus proteins, or highly purified
adhesin protein blocks subsequent adherence to cell
surfaces®*#. Conversely, preincubation of the bac-
teria with analogs of the receptor carbohydrate

also blocks subsequent adherence.

Mannose hss .

shown to be one of the important ligand molecules .

for the adherence of many Enterobacteriaceae,
including Escherichia coli®.

lactose, fructose and other sugars may be involved

However, fucose, ga ,

in the adherence of the same or other bacterial .

species.

account for the predilection of organisms to infect

Differing carbohydrate specificities may

only certain tissues, as well as serving to confuse

investigators.

For example, binding of E.colito.

both buccal and bladder epithelial cells is inhibited ,

in the presence of mannose but the propensity of

this organism to colonize and infect renal tissue ,

appears to be much more strongly related to the

ability of some strains to adhere to galactost
containing membrane proteins®.

Streptococci and probably staphylococci bind poor
ly to the surface of buccal epithelial cells but adhere
readily to fibronectin, a protein normally present

on these cells?. Thus, in this situation, coloniz
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tion appears to result from the presence of a protein
adsorbed from the local milieu, since fibronectin
is not known to be produced by these epithelial
cells. Removal of cell-surface fibronectin causes
a decrease in the adherence of streptococci. Inter-
estingly, loss of fibronectin and decreased adherence
»f streptococci is accompanied by an increase in the
idherence of gram-negative bacilli®  Studies of
jumans undergoing serious surgical operations have
;hown that this stress was associated with a dra-
natic decrease in cell-surface fibronectin and an
ncrease in the adherence of gram-negative bacilli
luring incubation of buccal cells in witro ; these
“hanges were associated with colonization of the
:3ropharynx by gram-negative bacilli iz vivo®. The
‘nechanism of these changes may be mediated by
“n increase in the proteolytic activity of upper
“espiratory secretions which was shown to increase
Sver three fold in the above experiments. The
rource of the increased proteolytic activity was
not demonstrated.

¢ A third mechanism of adherence occurs when
‘nolecules in secretions form « bridge between iden-
%cal binding sites on both bacteria and the cell
curface?.  This mechanism may be particularly im-
nortant in the gut where lectins present in food or
aucus appear to provide the bridge between bacteria
nd mucosal cells. Although exceptions have been
zeported, most investigators have found that sali-
adherence of oral

«ary constituents decrease

-acteria. Mucins may provide binding sites in
ompetition with cell surface receptors. Immu-
«oglobulin A directed against oral bacteria also
¢nds to inhibit adherence. Salivary constituents
Jay cause agglutination of oral bacteria, a phe-
omenon that probably promotes clearance of
rganisms from the mouth!®,

Adherence and the Normal Flora

‘Organisms that comprise the usual bacterial flora
t:' the oral cavity readily adhere to regional epithe-
al cells during brief periods of incubation in
tro while non-indigenous organisms do not!!.
‘yurther, cells obtained from different sites within
le oral and pharyngeal cavities demonstrate pat-
s of selective adherence that closely parallel

'€ geographic differences in the bacterial flora

in vivo. These observations, coupled with the
historical observations of the constancy of the upper
respiratory tract flora in a given individual'®, have
established that selective adherence is a prominent,
if not the major factor, in determining the com-
position of the normal flora.

These observations alone do not fully explain
the lack of certain common organisms at this
site. For example, organisms such as E.coli are
always present in the lower gastrointestinal tract of
humans and are taken into the mouth daily. Yet,
colonization of the oropharynx by these organisms
is uncommon among healthy individuals. Previous
hypotheses on the restricted nature of the normal
flora, such as selective pressure exerted by the
physico-chemical milieu, would not provide an ad-
equate explanation since E. coli is capable of growth
in the medium of the mouth. Certain organisms
indigenous to the normal oropharynx, such as
viridans streptococci, have been shown to elaborate
substances which are inhibitory to gram-negative
bacilli in vitro and it has been postulated that this
type of bacterial antagonism is important in preven-
While

there does appear to be a reciprocal relationship

ting colonization by transient organisms!?¥.

between viridans streptococci and enteric organisms
in the oropharynx, best shown while the former
are suppressed by antimicrobial therapy, bacterial
antagonism alone would not explain the rapid dis-
appearance of the enteric organism and reappear-
ance of viridans streptococci following discontinu-
ance of therapy. Rather, this sequence of events

appears to be best explained by an intrinsic
mechanism such as selective adherence which favors
colonization by only certain species. Once establi-
shed on the mucosal surface indigenous organisms
may elaborate inhibitory factors, consume essential
nutrients, or otherwise act to prevent persistence
of non-indigenous organisms. Similar complex in-
teractions have been studied in a continuous flow
system designed to mimic conditions in the gut
by FRETER! but this type of analysis has not been
applied to the upper respiratory tract.

Adherence Pathogeric

and Colonization by

Organisms
The role of mucosal adherence in colonization
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of the upper respiratory tract by highly virulent
organisms is less well established, although an
important role seems likely. Most common re-
spiratory pathogens are encapsulated and encapsul-
ated organisms are much less likely to adhere to
cells than are non-encapsulated strains of the same
organism!? Attempts to identify pathogenic
pneumococci on the surface of oropharyngeal cells
of colonized individuals were largely unsuccess-
full®,

advantage to gain a capsule when attempting to

Teleologically, it is to the bacterium’s

avoid phagocytosis so it may not be surprising
that encapsulated strains predominate in blood,
On the other hand, loss
of the capsule would facilitate adherence to regional

secretions, or tissues.

epithelial cells and the establishment of coloniza-
tion. Recent evidence suggests that bacteria can
switch production of capsular material on and off
rapidly in response to local conditions although the
mechanisms of this control are not well understo-

od!?.

isms that persist on the epithelial surface would be

This hypothesis would propose that organ-

predominantly non-encapsulated and thus not de-
tected with antisera against capsular antigens. On
the other hand, with tissue invasion or shedding
into respiratory secretions, capsular material would
be rapidly acquired to minimize adherence to and
ingestion by phagocytic cells.

Alterations of the host may be important in
colonization by pathogenic bacteria. Acquisition
of gram-negative bacilli by both seriously ill hu-
mans and stressed experimental animals has been
related to an increase in the adherence of gram-
negative to buccal cells in vitro'819. This finding
appears to be associated with loss of cell-surface
fibronectin which tends to inhibit adherence of
these organisms if present in normal amounts.
These observations indicate that receptors for
gram-negative bacilli are present on the surface of
normal buccal cells but that these receptors are
rendered unavailable by acquisition of a surface
protein. Fibronectin is not present on cells be-
neath the surface of the buccal epithelium and
thus appears to be acquired from the secretions
bathing the epithelium.

Viral infection of cells may increase the numbers

of bacteria which adhere to the cell surface, Infly.
enza A infection increased the binding of both
staphylococci?® and group B streptococci?’. Adher.
ence of bacteria was inhibited by prior incubation
of the infected cells with antisera against influenza
A but not normal sera suggesting that viral com.
ponents incorporated into the cell surface provided
the binding sites.

Increased binding of Pseudomonas aeruginosa to

-tracheal cells in humans has been correlated with

a poor nutritional status of the host?®. On the
other hand, individuals who were presumably
healthy except for recurrent urinary tract infec-
tions demonstrated greater adherence of E.coli to
both urogenital and buccal epithelial cells, sug-
gesting that a generalized cell surface abnormality
might be responsible?®. Susceptibility to urinary
tract infection with E.coli which bind to globo-
tetraosylceramide has been correlated with the
presence of PI antigens on blood cells?®. Al
though not directly shown, similar antigens are
presumably present in urinary epithelial cells as
well and form the site of bacterial attachment in
susceptible individuals. Similar observations have
not been made in the respiratory tract.
Summary
Selective bacterial adherence is probably the pre-
dominant mechanism determining the flora of the
normal oropharynx. Colonization by highly patho-
genic organisms is often preceded by events which
alter normal cell surfaces, including viral infection,
injury or stress, and perhaps perturbation of the
normal flora by antimicrobials. Alterations of the
cell surface which promote adherence of pathogenic
organisms may include changes in cell membrane
composition or changes in the secretions bathing
the mucosal surface. It is likely that rapid phase
changes in the bacteria are also operative.
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Table 1 Prevalence of serum antibodies to
Chlamydiae in healthy adults and
patients with respiratory tract infections

; C. psittaci |C.trachomatis

| 4/100 (4.0%)| 5/100( 5.0%)
14/158 (8.9%))|31/158(19. 6%)
| 5/ 90 (5.6%)(12/ 90(13.3%)

Healthy adults

Upper respiratory
tract infections

Pneumonia

Table 2 Prevalence of serum antibodies to
Chlamydiae in immunocompromised

patients
} C. psittaci | C.trachomatis
Hemodialysis ‘ 1/ 31(3.2%) | 3/ 31(9.7%)

| 0/ 23¢ 0%)
1/ 18(5.6%)
2/ 32(6.3%)
2/ 30(6.7%)

;/134(4 5%) | 31/134(23.1%)

3/ 23(13.0%)
5/ 18(27.8%)
10/ 32(31.3%)
10/ 30(33.3%)

Blood diseases
Diabetes mellitus
Liver cirrhosis
Lung cancer

Total

<, 100 fEREDIFIAK THRETRETH %, Ware HIZ
X ORI X hic MIF B3, EF/MERHEETHCE
& hEERECIER TS0, BIFO AT MFA &
NEETHD, A7V —=v 7L E LT3ERLS
ETHBEEX, MFA ¥ X il & ffi B € 21775~
o

g Table 1, 2 (iR Lico MBERR 8 & L%
L L TR LIS DTH B, BERA 100 AT, C.
psittaci, C.trachomatis LT F*h Fh 4.0% &
5.0% DBMENRZLRICTE o, EXEL
B 158 §) T3 C.psittaci 1= % LT 14 £ 8.9%,
C.trachomatis w=3f LC 31 ] 19.6% :E\VBHERY
iR Lico Ffige 90 BITh Th%h 5.6%, 13.3% it
EnAZbhT,

X 51z Immunocompromised host i % 1% C.tra-
chomatis \oxt3 »MMEE L 134 fldr 31 @ 23.1% &
B, HCHERAE, NTRELE, g B ET 27.8%~
33.83% LBETH-1o

LB ADOEEE LT C.trachomatis & X 5 EHH
BRTHHZ L, RMBOE s> STD o—Hid
LT3t ATRE T4 % A%, Immunocompromised host
BT BHEVEERICOVTIE STD &£ 5 LXEE
THY, HEREREICHE > FADORR OB L DD
DELEZHE,

< ARG

ICR ~w A%\ C. psittaci MP #kic X 5 BYER
BITIE » oo BEMAEY T3 107, 108 IFU/ml T 100%,
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1°IFU/ml T 60% A3HAIE Uiz, #IRPIRYT I
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