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144 Chapter 4. The Indigenous Microbiota of the Respiratory Systermn a2 Environmentat Determinants within the Respiratory Tract 145
The liquids coating the respiratory mucosaarea source of nutrients () ® Citia
for microbes
‘The mucosal surfaces of the respiratory tract are coated with @ fluid named Mucin—— Mucus gel 1ayer
according 1o 11S anatomical loc: on—nasal fluid (NF), airway st rface iquid Mucus laves

(asL), and alveolar ining fluid (ALF). In some publications: ASL is also ,J”"""
referred 1o as &irWaY lining fluid or epithelial lining fluid. Appmxima\e\y 4
1 liter of NF (Figure 4.12)1s produced each day whereas smaller quantities
(20-100 L) of ASLare produced (Box4.1)- Ciliura-

Afl of these yespiratory fluids contain substances that are potential
microbial nutrients and these arise from a variety of sources depending o0
the particular anatomical region (Table4.3)- nallvegions the fluid contains
avariety of low molecular mass compounds from plasma that ‘ave diffused
across the walls of the blood capﬂlaries-—\his is known as 2 plasma
transudate. 10 addition, food and saliva passing through the pharynx
may serve as additional nutrient sources for microbes, although their

surfactantlayer > NF or ASL s ey 3/:":"’  —
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i it ti it unti {ernifi iti i £iqure 412 Confocal laser scanning micro-

rapid .‘m‘s‘“ “‘“T drgakes “i“"hl‘;f‘y‘;ha& s.g“‘h”m quanities of dietery g,gaph 0 el fuid stained with Teras Figure 8.13. The mucoclliary escatator. (4 Diagram showing the main components of the mucochizty ascalaton, () Cross section (hroudn e

constituents would be rane erred to the B O doxiran) onthe mucosal Surface. lLeeH) lture of human airway epithefium. The two Byers icus and periifan) of the 2(0wey urface liquid can be clearl seet (181 From Knowles MR
¢ pi of the Buid is generally slightly acidic with a mean value of G, R il Rep, 2015, 312480, Ao ol & Boucher RC (2002). Clin nvest o577, dor 10117252 T o pemmission from American Socety for Clinical investigation)

However in the nasal ca‘vity, the pH gradually increases from 2 value of 5.5 phyi.1 2480, Coéy,igh'w'\,"ey_\,d‘ Veriag GmbH

(similar t© (hat of skin) in the anterior nares @ almost nentral (pH = 6.95) % Co.KGaA. Reproduced with pesmission:

appmxima\ely ¢ cm from the 1ip of the nose. published under CCBY40)

The mucociliary escalator isan important mechanism for the
removal of microbes from the respiratoty tract
Appmxima\ely 12,000 liters of microbe-laden air are inhaled by an adult

BOX 8.1 MIRWAY SURFACE LI

A total of between 20and 100 mLof ASLare produced each High levels of glutathione are present~rnore than 100-fold o N N "

dayandits composition varies slightly depending on its loca- greater than the concentration found in plasma. Glutathione cJearance (often termed the mucociliary escalator), which functions in the

Hon within the respiratoty tract. it consists mainty of watet 1s a tripeptide ‘conprised of three amin® acids (cystefoe, posterior two thirds of the nasalcaity, the nasopharyt, and from the laryn¥
(90%-95%), mucins and proteins. The principal raucins in ASL ghutamic acids and glycine) and acts as an antioxidant. @ free down to, but not including, the terminal pronchiotes. It involves trapping PR
are MUC5AC (prudut&d mainty by surface goblet cefis)and radical scavenger,and a detoxifying agent. Lipids are present micrabes and other pan‘\cula(e material in the mucus that constitutes the )
MUC5B (secreted mainy BY submucosal glands). ASL also has ata concentration of approxirmtelw%; most of these are upper layer of the NF oF ASL that coats the epithelium (Figure 4.13). The

a high albumin content ranging from 48 mg/100 mi in the phospho\‘\pids and the most abundant of these is phospha- mucus is then prope‘“ed by ciliated ep‘uhelial cefls to the oropharynx ere

trachea to 73 tg/100 mLin the bronchi. More than 250 dif- tidylchotine. A range of g\ycoszmmog\ycans are present itis either swallowed oF expectarated- Mucuﬁ_emmpped microbes can also

ferent proteins have been jdentified in ASL and these include including heparin sulfate, hepatin, chondraitin suifate, and be expe\\ed by sneezing and coughing:

i o bulins, a-1antitryRsin, a-lantichymotrypsin, hyaluronaleAThe main ions presentare sodium, potassium, Ciliated colls (Figure 4.14) are the most Aumerous cells in these regions

-2 macroglobulin, prealhumin\ haptogiobi fipocalin-1, and chioride- Awide range of anti microbial peptides are also and each has a & aﬁma{el 500 cilia on it outer surface. Tach cilium is

Cystatin &, transthytetio: and mmunoglobulin-binding factor.  present ncLs S PP 4 5 : ¥

appwxlmme\y 6 ypmlong and 0.1-0.2 pmin diameter and has several 30 N

The ciliated epithelium has a coating of covalently attached mucins
{known as the glycucalyx) and is covered by NF or ASL, which has beent
shown {0 consist of @ two-layered film of liquid, the lower of which (the
ANATOMICAL REGION \ MAIN SOURCES OF NUTRIENTS \ NUTRIENTS PRESENT pe\"\d\iary layer) is ‘watery wh‘}\e the upper layer (mucus gel Jayer) is more
pithetial celfs Mucins (52-112 mg/100 mk), [arae varlety of proteins | viscous and forms a gel (see Figure 4.13). The layers are sepamed by a thin
nd submucosal glands; (414895 tng/100 mL), DNA (4 1ng/100 Mk uric acid, urea, Jayer of surfactant that enables the upper layer fo move easily over the
d vessels; tears from Nat+,Cl) K+, Cat* HPOL™ per'wiliary layer. The peﬂ\:ihuy fayer has 2 depth similar (0 that of
the length of the cilia {between 5 and 10 wm) whereas the depth of the
Nasopharyn¥ larnyo% Secretions from ity epithelial cells Mucing (0.5-100/100 ‘), farge variety of proteins mucus layer varies considerably (7 0 70 pm). The jength of each cilium is
trachea, bronchil aonecially goblet cells) and submucosal glands; (3 g/100 ml), DNA (22 smg/100 mb), hyaluronic acid, such that it spans the pesiciliary fluid and contacts the mucus layer via its
g from plasma hepatin, chondraitin sulfate. phospholipics: carbohydrates terminal hooks. The proper functioning of the mucociliary escalator
(950 g 100 mL, ghutethione. Nar, K requires the pericitiary Jayer tobe naintained at a certain depth—if itis 100
" ‘Mucins, farge variety of proteins, DNA, hyaluronic acid, hepatin. deep the cilia will not touch the mucus Jayer and sO cannot move it
C ours dbmucosa olands: e votin sulfate, phospholiPIcs Y bohydeates, glutathione forward; if it s too shallow e thick mucus prevents the  lia from beating.  Foure 214, Photomicrograph of the tracheal

(S ested by host? The cilia of the epithelium beat in a sequential wavelike manner s0 that the epithelium showing both ciliated and non°

I n t NLu&irés l;_rge V\afrl:ty cho pvu:\e}psuDNA.gy:lqugt aci‘d,‘“ag;ﬁn, | tips of the cilia propel the mucus jayer along oR their forward stroke at 2 Cellsshownin o sECTELE MUKLS: Courtesy of

chondrol in sulfate, \0 s, carbol rates, ghutat ne ’ i 4
structors ot spholipids, carbotV eSS rate of between 5 and 20 mm per minute. The frequency of ciliaty beating e Mutungaand Kate Keit o ey o the
protein (900 énq/'IOOmL)——ha\fof thisis albumin: varjes with the anatomical Jocation but can be as high as 800 strokes District of Columbia and National institute of
ipids; ¥

phospholi itamins Cand E per minute. Standards and Technology)

Table 4.1, Sources of host-devived autrients for microbial residents of the respiratory tract.

ciliated cells. Ciliaare (olobEnhaMed while the
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SUMMARY

A human being consists of a mammalian component and a multiplicity of microbes,
collectively referred to as the “microbiota” or “microbiome,” with which it has a symbiotic
relationship. The microbiota is comprised of a variety of communities, the composition '
of each being dependent on.the body site it |nha.1b|ts.Th|.s commur?lty varlatlop arises The Human Microbiota
because the numerous locations on a human being provide very different environments, in Health and Disease
each of which favors the establishment of a distinct microbial community. Each An Ecological and Community-based Approach
community consists of bacteria, fungi and viruses with, in some cases, archaea o L b y
and/or protozoa.

It is increasingly being recognized that the indigenous microbiota plays an important role

in maintaining the health of its human host. However, changes in the overall composition ‘

of a microbial community at a body site, or an increase in the proportion of a particular : .
species in that community, can result in disease or other adverse consequences for e Wisop .
the host.

The Human Microbiota in Health and Disease: An Ecological and Community-Based Approach 2 0 O/
describes the nature of the various communities inhabiting humans as well as the O
important roles they play in human health and disease. It discusses techniques used to Discount Available

determine microbial community composition and features a chapter devoted to the many
rOne ) y - - enter the code

factors that underlie this mammalian-microbe symbiosis. Uniquely, the book adopts an

ecological approach to examining the microbial community’s composition at a particular ET20

body site and why certain factors can shift a community from a eubiotic to a at checkout*

dysbiotic state.

The book is for undergraduates and postgraduates on courses with a module on the * Offer cannot be used in conjuction
indigenous microbiota of humans. It will also be useful to scientists, clinicians, and others W’;Z,;’;’;Z;gi’tzfze;;[s‘zﬁﬂg;d
seeking information on the human microbiota and its role in health and disease. directly via our website.
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