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Intrﬂ-)ﬁ'ld inter-Individual Variation in Population of
Lactobacilli and Bifidobacteria in Faeces of Some
A - Healthy Individualsy

T, T b '-,L..l'u _'.';-
; | 1
/ 1“1 xF L | |_,.__!-

ABSTRACT | ¥ o

- { .
|

Aims: To evaluale the uaria'ﬁ:'::ln of lactobacifli and bifidobacteria population within and
between healtri individuals.

Methodology: Five healthy partidipants were recruited, and advised not to consume yoghurt,
antibiotics, alqﬁhul and steroid dyring the study. Three (3) fecal samples from each participant
obtained ak_'rg.*wetaks interval-were examined for each subject bacteria. The samples were
collected in slerile specimen jars and immediately taken to the |E.bﬂrﬂ'[ﬂr}' for analysis. MRS
and BIM-25, a selective medium were used for the enumeration nf,_{actﬂbacmus spp and
Bifidobacteria respectively using plate count method. Target bacteria were confirmed by PCR
technique and biochemical tests.

Results: All isolates picked from their respective selective media were confirmed to be
lactobacillus and bifidobacteria. The confirmation was carried out using both biochemical tests
and PCR. The results of the statistical analysis of the data obtained using SPSS version 16
showed that intra-individual variation of the population of Lactobacillus and Bifidobacteria was
significantly lower than inter-individual variation at P £205. . 0%

Conclusion: This study establishes the fact that the compodition level of lactobacilii and
bifidobacteria varies within and betwaen healthy human gut at dilﬁere nt peints in time.
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1. INWODUCP “'/

Laclobacil and hifidobactaria constitute two extremely important groups of probiotic bacteria of the
gastrointestinal microbiota of man and animals. There is a substantial and growing body of evidence
that these microbes provide benefits to the host in which they reside (Walter, 2008, Reuter, 2001)
Understanding the robes of these wo groups of bacteria in the intestine continues o ba a significam
challenge. Human pgasirointestinal tract (GIT) has over the time been identified as the organ richly
endowed with ampla numbers of microarganisms (Prosser, 2007). This in effect constitutes a high level
of the complexity of the owl microbial communities. Availabie lierature has shown that the bacteria
rasiding in the hurman gut is estlmated to ke pver 400 species (Wall 2006, Sheil er &, 2007, Prossar,
2007) and ranges between 10" - 10'* cells per gram of fasces. Amang these numbers of species are
those thal are able la influence significant commercial and clinical inerests (Abubakar er &, 2009). =TS
Research has shown that the varying population distribution of micrabial cells across vanous reglon of -
the gut is influenced by a number of factors sech as bicchemical and physiological requirements which

ara peculiar to certain region of the gut, thus provides an environment thal could either be suitable or I-_.-n'-‘" ’ n
| = |

unsuitable for individual groups of bacteria (Freter RCet al 1995), Avaiable Iterature has also
demonstrated that human stomach is colonized by very few microbes majority of which are transient, of
those that resides in such a hostile environmant noted for its low pH of 3 or 1 arg characterized mr 1heu A
axcaplional capability o survive acidic pH envirenment {Hammes ndﬁertﬁl Ig.! gl 200y, ——

Mon-pathogenic microal calls usually referred 1o as “indigencus microbioia”™, consfiute complex
micrabial community [CMC). The CME also constiiute non-indiganous microbas that are able o confer

Al e

y =34 L{ s (3Pt kadEe s 1o
.' 'u_'I":I pe LLJD P e T i..'ll.'-"—
= — ol oy A e

o ebacilli Aew o selLadlde
= |
III--.....,..'._'-L_. =i exE= = Lets

LT

-lthg: Ll L i
_‘.l_..". { {3 __ﬁr_ I




. (@8 g7
DR REVTLNW | ,V Jl
PRSSIEEE 'l; = & d 5 f . B I'..':.,-'-".-

J o =

o =

-~ : =
pathogentc ;ﬂﬂwmes and ara hErH::E considered as opportunistic pathogens (Freter et al, 1995).
Lactobacillf and Bifidobacteria gpecies which are among the indigenous microblota constitule the two
gxtremely important groups of probictic bacteria. F'rc#:nuqlun have been ganerally considered 1o play
significant rofe in immune man.tmn digestive ahd respiratory ‘1w:|n::tlnns and are also able 1o allsviate
infectious disease in childran (Lebear ef af, 2008; AG:WHCJ 2001).,

The gastrointestinal microhiota is 8 very complex unty w Iy with dllfsrrant habitats constituting the
maurth, stomach, small intesting, large infesting and rectum. Literature reports have shown that near
stability exisl within these habitats. However, stabiliy of the gut microbiota is influenced by Hosi's
individuality, This means that considerable inferpersonal or individueal variation exists. Thus, individiual
will have fixed microbiota as far as quantiies and gualitative structure of both lactobacilli and
bifidobacteria are concerned (Reuter, 1963). There are emerging evidences that shows significan
varation o the composition level of lactobacillis and bifidobactedia in human gut, and that the
population level of thesa suhja;.'t probiatics are paculiar to individuals. o
This present mudyﬁ’amed,ar‘evaluatué’the inter- and intra- mu:lwn:ha.i varigtion of lacrobacili and

h'ﬁn'abﬂc'tena among healthy individuals,
— 7 l.". ol e 1;.,”1 ot .._I-u_
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Prior to collection of 2amplas, pE.!'t-H:Ipal‘lE wara advised nof to consume yoghurt, antibiotics, alcohol and
steroed threa weaks thnre/ar‘nd during the fime of collection of sample in crder not alter the micrabial
population level in their guty Fecal samples were collected into a sterile screw-capped plastic container
from five {5} healthy volunieers who are within the age bracket of 25 - 35 years old, Written consents
WEre u:htaﬂned from individual participants. The paicipa re advised not tg consume yoghust;
antiblofics; alcohtl apd stenpid 3 weeks-pricr i-and dinng ImﬂJm'u|::1:|llnanﬁtln::|nf.:n-r samples-and to-dlso
mafﬁtaln | yal dief Three sets of the fascal sampls were obtained from individual volunteers over
the space nr ch which miake up 1o a total of 15 samplas per week.
.-{ AL g

The reference bacteria cells for identification of the target bacteria were genercusly donated by
Middiasax University’s Microbiclogy Laboratory. These straing were aleo used for the optimization of

PCR conditions as positive control for the genus - spedlic primers, - PR TN
2.1 Isolation, characterization and Quantification of Lactobacillus spp and
Bifidobacteria it 1 ot

d =gk

Colizcied faecal samples wera immediately processed upan arrival to the Micrabiclogy Laboratory of
Middlesex Univarsity Laboratory. 1 9 {wet aveight) of the faecal sample obtained from individual
volunteers was weighed and collected in a | stevile universal bottle, another 1gram was weighed
and stored in the lreezer at -20"C for the PCR analysis. For the microbsological analysis, 9ml of bulfered
solution was added to fecal sample and then thoroughly homogenized using the voriex maching,

2.1.1 Microbiclogical enumeration of bacteria
2.1.1.1 Lactobacillus ok

F"'.

Using aseptic 1echnigue, thﬂ wall humugarﬁe-d samplas were serially diluted into tubes mnialrung aml
of peptone water from 107 to 10%. 1 from each of the diluted suspensions {10' to 10%) were
separately inoculated in triplicate on plates of Rogosa agar media | Lactobacifus Salecting Agar, pH 5.4
1 0,2, Creodd, CMOGET). Stevile sproader was used 10 evenly distribute the inoculums. The inoculaied
plates were incubated under anaerobic condition using anm anaerobic gas jar containing gaspaks
[GasPak™ EZ Gas Generating container syslem, Becton Dicksan and Company, USA) at 37°C for
T2hrs. =W
il !

L
= Aiter ?41 of incubation, plates that contains betwaen 30-300 colony forming unit [g:ﬁ:. af the isalates

ware salacted and the representative colonies which difier in terms of ther morpholype (varing sizas,
colours and shapes) were cournted. Threa to four colonies based on their differences in size and shapes
wara aseplically picked from both cufture plate with an incculating foog and sub-cultured on MAES agar
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{de Man Rogosa Sharpe, pH 6.2 + 0.2, Oxaid, CMO353). After incubation, the isclates were subjected (o
furthar charactesization,

pLb | o 4
2.1.1.2 Bifidobacteria - r .
On the other hand, fascal sgmples were serally diluted in phosphate buffer solution suppéamentad with
L-cysteine up to 10 1000 aliquots of sach of the diluted colony suspensions were incculated in
triplicate onto BIM-25 bifidobacteria selective media, Plates were then incubated anaerobically (85%
mitregern, 10% hydrogen, and 5% carbon dioxide supplied by gas packs in-anaerchic jars) at 37T for 72
?ﬁ. Represantative isolates with different momphology were asepfically picked and sub-cultured on a
ainforced Clostridial Medium {RCMM) agar for further charactarization.

2.1.2 Identification of th rl

identification of each lscdated colony was further carmed out in arder [0 ensure precise guantitation of
the target bacteria,

2.1.2.1 Lactobacilli

Various bicchamical tests which Include Grams reaction, Catalase test, Motillity test, Bile assculine test,
Phenol red Glucose broth with gas production test, and APl 50 CHL system to detarmine the sugar

@paﬂe Sware carried with strict adherence to the standard of the Health protaction agency
HPA, 2010

f—'"--. "-'5'.’ e g \Hr
.l—\—|_\—._,—-—""ﬂ-.
2.1.2.2 Bifidobacteria
Colonies that appeared in different morphologies; pale-pink, red, bright pink, and the very small colonies
warg picked, Gram-stained and observed by oplical microscopy at oil emersion magnification 1o
determine their cell morphalogy and Gram staining reaction. identification of the selectad colonies were
further confirmed by delecting the presence of fructose-6-pnosphate phosphokaiclase (FEPPK) activity.

2.2 PCR Qualitative analysis

known colonies of lactabacilius acidopiius and Biidobaclenum adolescent which wera used as
reference strains were preparad in a suspension and used direcily as a template 1o test the sensitivity of
the primers (sea lable 1)

T R Thy
221 Lacfnbacmus@fﬁp)—f pl e -~

PCH reaction was carred out in g tofal valume of 25ulwith reaction miziwre that contzins 2?4. of ¥l
PCA buffer) 2(i of 2.5mM dNTP, 2{l of Eﬁn_.i Mg Gz, ’]ﬁfy aghf primar each of the forward and
reverse, 0.0 of SU of Red hot Fagq DNA[ 15.3 sfedle water-and 0L of suspension—of-Colony
femplala. oy of BEclobaciius acdophius was u as-fhe DNA tamplate under the following PCR
conditions; infiial denaturationtemperature of 96°C in for disruption.of the cell wall and eruption of
tha cell gdntant, followed by, es of which eac es cansistéd of each step of denaturation at
85°C !qt,'i?z . annealing at~544°C for 30sec and extension for 30sgbs at 72°C. The final extension
was set Ay 72°C far Fmin and final hold at 4°C. Sterile water was Used as negative control in all the
expariments ' '

el
2.2.2 Bifidobacteria(spp, ** ‘

Amplification af the target bacterial DNA was parfarmed with primars g-Bifid-F and g-Bifid-R {table 1)
in-a PCR iCycler apparatus. Tha PCR mixiure was composed of 1X PCRE buffer from 10X reaction
buffer with 1.5 mbd of MgCls, 0.2 mh of deoxynoclentide triphosphates (dNTPs) from 20mbd, 012500
each of forward and reverse primer, and 06250 of Red hot Thermoscientific Tag DNA polymerase
from SLRL Colony PCR was periormed 1o identify the different colonies obtained from tha BIM-Z5
bafidobaciera selective media. & reaction volume of 24ul was inoculated with 1ul of the tested colony
suspensian. B, adalecentis was used as the posiive condrol, whila distilled water was used as tha
nagalive contral. The sel up were placed in the PCRA machine under tha following conditions, initkal

—



&y f_ 4
120  denaturation of 955 for |/ followed by 3&::5-':;4&3 of which each cycles consisted of each step of
121  denaturation at 84"C for 30sec, annealing at 55°C for 30sec and extension lor Evpsm:ﬁ at 72°C. The
122 final extension was set at 72°C for 5m:r| and final hold at 4°C, .

123 Table 1. Primers used In this study.

" Bacteria Primers Sequence Product size Reference
(bp)
Laclobaciius LoLMAT-rev CTCAARACTAAACAAAGTTTC 250 Cubernet et al] 2002 } AL -
R16-1 CTTGTACACACCGCCCGTCA
j =, |_
Bifigobacterivm  g-Bifid-F CTOCTEGAAMMCGGETEE B48-563 Matsikl af an'El:IDE :I f
g-Bificd-RA ACATCTATAGCCCTTOTTGTEG
124
125 2.3 Gel Electrophoresis of the PCR products
126 All the PCR products obtamed after amplification wera checked lor the expected size on 2% [wiv)
127 agarase gal stained with ethidium bromide. Geals ware ren for 45mingtes at 110V in TEBE electrophoresis
b 'r' +_ 128 bufler. Size marker of 100bp was used on each gel. Gels wera visualized with an UV trans-llluminator.
‘ e
129 3.0 RESULTS AND DISCUSSION
130 3.1 Bacteria counts
131  Following incubation, colony counts were made from diluticn plates of the two selective media that
132 confained discreta colanies that falls within the range of 30 to 300. The tofal population af each genus of
133 laclobacili and Bifidchacieria culivred on Rogosa and BIM-25 agar respectively was calculated as CFU
134 per gram {wel waight] of feces. - & phats
135 e
135 Table 2. Lactobacillus asp.! and Emdnbac.mdasm load Isolated from laecal samples of
137  different participants. '/
Participants
Probiotics A B [¥ D E
Lactobacillus 567 +1.20" 19.00+£1.15" 633+£.88" 0500+ 17" 823+ 53°
Bifidobacteria 18,33 £ 1.45° 17.00£1.73" 797 =.43° 1833+ 280" 7.73+.69°
138 Values are means of triplicate readings + standard deviation, i"aluﬂ:s fodlowed by the same superscript ™
139 Ia!:er in & column are ned sugnrﬁ-c;amiy dullmant atP= {IS f
— — =
140 I
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~The results of the statist i5 of the data obiained Lﬁ:ngﬁEﬂS‘E‘y sig
signifecant diffarence 05 swithin the partcipants for

.
a |
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Fig. 1: a). Mean
Gifidobacteria load CFI
participants was oblained ¢
Key: A-EzParticipants

I ioad in EUI%HD“; from fascal samples of cipants. b). Mean

G"'} fram f ples of paricipants. Each sampla fram raspsctive
noe for each week: H!‘?/EEHE interval,

e
TE showad that there was
cilus and Siigdabacters
respeciively. Tha Lﬂuz lpad for participant A increased significantly fram 4. S« 107 cfuig at week
one to 5.3320.33 =10 ciu'g by week twao and B.00+0. 5Bx10° che'g by tha third weak as reprasented in
figure one, A different patterm however was observed for participan: B in which there was decrease in
tha Laclobactivs kboad from weak ane thrasgh 1o week threa and an increase of Biidobactana from
waek one through to the third week. Paricipant © and E had an iregular pattemn in which there was
significant decrease by week two and an increase by week three for participant © and a significant
increasa by week bul dacreased by week three for participant E respeciively. There was however no
significant increase or decrease fur'rhee Lac, - cilis load in parficipant O
L “ o

Thera was sigrificant mHerenmﬁr the level of Bifidobacterla load isolate from participanis as seen in
figure 2. Parficipant A increased significantly from 16.33:0.33x10° CFLU/g al week ona to 22.57:
0.57=10" CFU/g by week three. The same paftern was observed for participant E Parlicipant B
recordad & constant load without significant difference in their values all through the three weeks of
expariment. Tha resull pattarn tar participants C showed a decreasa by week two and constant by week
three, while paricipant D increased by week two and decreased significantly by week three.
Comparativaly, there was significan] difference al £ =05 lor the two bactena (the Laclfobaciius and
Bifidobactena) in their Ioad among paricipanis A-E as recorded in table 1. Participant B howsawer
maintained high level of both genera
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The result as obtained in this study shows a significant inter-individual variation of the compaosition levet
of both déctobaci and Bifidobacteria (Figure 1) The result also shows intra-individual variation of the
subject bacteria al different time point as demanstraled in table 2. This supporis the findings of (Beutar,
20071, Hammes and Hertal, 2006) which demensirated inter- and intra-individual variation in the fecal
microbiota of different heil'a_hy human subjects.

The population level nf_;'fa-:tubaclllus as obtained in this study ranges between 10* and 10" cfulg,
although with an excephon (table 2), is in agreeman with Walter EDUEJ}.-m explained thatl, when tatal
anagrabic culiuring techniques are u=ed, lactobacdli farm a very small proponiion of the culfivable
human fecal microbiota and can rarely be cultured at population levels exceeding 10°CFLUYg. Previous
studies have also reported averages of 10° and 10® CFUYg (Dal Bello and Hertel. 2006, Dal Ballo &t al
200:3). This accounis for only about 0.013 of the tatal cuftivable counts (Walter 2008}, Az evidenced in
this study, lower lavels of lactobacilus have also been absarved in previous study on healthy (Hopkins
alal 2001). 08+t | SEAD Compa

Kimura =t at,J':I'EIE?_jn their analysis of bifidobacterial and laciobacilli populations prasent in the feces of
10 hizman sﬁbjacts showed that sach subject harboured numesically predominant strains that weara
charactaristic of ihe particukar human host. The Human Microbiome Project consorfium 2012 showed
that intra-individual fluctuations of micrabial compasition cocur al differant stages of fe due 1o a numbar
of factors inchuding but not limited to enviconmenial changes, BEfestyle and pathological events.
{Buddington and Sangild, 2011) alza in their findings showed that the ype and number of microblal
species that parsist and colonise the Gl is not determined by chance, but by a combination of faciors
including inflammatory state of the host, dist, hast genetics and emdronmental factors, IF is not dear the
factors that modulate the composition of the intestinal microbial populations of indvidual humans are
nd known, although it has bean concluded by some thatl the genetic characteristics of the host are
impaortant-

Vv L o P

Table 3. Result showing tharﬁ/iu-r:hemh:al characteristics nf,lé:faba::iﬂua{iﬁrg’ isolates.
P CIM GR/CM BA PRGE 1 CT MT
A Hhizaid +/Long rod + + _ _ —
Circular +/Short rod * + S o e
B Rhizoid #Long rod + * _ _ _
Circular +Short rod - + s T -
C Circular +Short rod + ¥ = L: =
Rhizoid +{Long rod * # _ ~ -
D Circutar +Ehart red + + - = =
Rhizpid +/Lang rod + + _ _ _
E Circular  +/Short rod + + . i L

B . / :

a5 I

s I
‘;i{;articlpam ClM}'EﬂIMy i gy, GH;’L-:“ram's reaction, CMyCell morphalogy, E-j.-:' Bée aesculin 1est, PRGEY
nol réd glucoss broth, 17Gas producton, CT; Catalasa (e, MT, Maotility test, 5

Table 4. API resull indicating species identilled using the jpiwab“ computer software
/B
I 1
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Subject Caolony _;" identification comment Specie/strain identified
orphology & |
L |'|"'
A Rhizoid 4 Vary goad Lactobactius acidophilus?
Circular %m gocd Lactobaciius fermantum
B Rhizoid Dioubtul Lactobacillus acidophius 1,2 and 3
Circular ?111m Dioukitful Laclohaciius fermanium 1,
o M factabaciivs ackdophils 3
Gircular %nm good Lactobacilus salivarius
Rhizakd Vary good Lactohaciius acidaphius 1
) Rhizoid Doubtiul Lactohaciius ackdooiiies 1 and 3
E Circular %m Veary good Lactobaciius plantamwm
p—— ,'|-I|| ."'II“:

Table 5: Gram Staining and FEPPK test fior the confirmation

Hifidobacteria isclates

— —

Caolany type Gram's reaction and cell morphology Results of FEFPK TEST
Pale pank Gram positive, cocobacilll, club shape, ¥ and V. Posliive
codonies with dark  branching Diglo & strep
cantres
Red colonies Gram positive, cocobacilll, cluo shape Y and V Fositive
branching

Very small Gram positve, cocobacilli, club shape Y and Shight colour changa
colonies Y branching
Bright pank Gram positiva, cocobacill, club shape Y and V Positive
colonies branchi

*l blln..L rbg |‘ ul_ Il.l &

L] L ™

.‘?

All the isolates ;&mva?ﬁnm sglective Juedium for the respective farget bacteria were confirmad 1o be
i

Laclobacilus spg and Bifidobactarna respactively (table 3, 4 and 5). Lactobacilll were confimed
using the APTCHL kits and ldentifi€ation was dong with _APl-web program. PCR analyses also
confirmed the lactobacillus colony. On the other hand, ‘Bifidobacteria were identified by the detection of
fruciose-G-phosphate phosphoketolase (FEPPK) enzyme 0 cellllar extracts as described by Scardow
1986, and alsg confirmed by PCR method, sea Fig. 3. The primer sets {table 1) used in this study was
adopted fmrﬁEEJbeiner al an'{ 2002 Matsuki af an'.(j.‘ﬂtr and these corresponds 1o the flanking
sequenca of tha A gene whith is known 1o ba highly‘gonserved among the genus Bctobaciiius
and Bifidabacteria respaciivaly.
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213 Fig. 2: Cell Morphology of isolates: a -d). Representative of different species mréﬂraﬂacaﬂug@ a). “V*
214  and “Y" shape;Biidobacteny o at X1000 magnification. s = Py
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116  Fig. 3. Emctrophorectic detection of amplified DMNA ub‘f;:'r:;ban‘.'.'us,"lspg'and Bifitotacien a0, A). Lane 1 shows
217 the known Laciobaciles ackdoohius used as posilve control n Lh&_'ékpenmenl. Lans 2—.5 shows the band of
21E laciobacihs spp Bolated from the Individual volureer isolates [250bp). Bl Lane 1- positve control, Lane 2 -4
2149 ghows band of Bifidobactanum isciated from the individual participants (548 — 583bp), lana 5 shows a failed PCH
220 produci. The N = negative control and M is the DMA size maker of 100bp

121 Although the melhodology as used in this study did not permit the sinct detection of specie of bath
222  penera to determine which specie is numerically predominant in the samples, but L. acidophius, L

223 fermenfurm, L salivarious and Liplantarum were the common isolates in this study, where L.Ilbl'a-:r.!a.rum
1
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224  was found repeatedly anly. in ona pah r&lc:-ri.- mast kkaﬂ.r oz have cerain species of either
325 genus that is unigue to individual .w enca in this stody thus suggests the possibility of
226 izolating only & small number of eithar spam f both genera i edfect might noi represant the true
227  inhabitanis of panlicipant's intestinal fracs. Genus Bifidoba has baen discovered o contain up to
228 lour or five different species that s commenly isclat adults [Gavini at &l 2001}, while pravious

219 sfudias have revealed the following species of laclobacilll that are commonly found in human fasces: L

230  paracasel, L rhamnosus, Logassen, L fermentum, L plantarum (Vaugham, 2005).

231 It is possibla that the isolates in this study might have been fransient bacteria as previous sludias have

232 shown that most of the probiotic bacteria present in faeces are allochthonous members derived from . felie

233 fermeantad food, oral cavity, or at the prozimal pars of the colon (Rauter, 2001). Literature raports have

234  also shown that human have fo some extent a stable autochthonous Lactobacilus Bifidobactesa-

235 microbiota (Reuter, 2001). A clear characteristic of autcchthonous intes{iial inhabitants\s shown by the

236 stable population of strains over several months in the intestinal tragi without having_signifiesint

237 upsiream populations [(Reuter, 2001). It is alsa known that autochiforous strains hat naturally persist in

238 human sublecls aves long panods are tested by mature far thalr funclionality in the gut, and they are

239 thowght to likely possess adaptive traits to benefit their human host Wizltar, 2008).

L ¥ 240 Funharémdyjs necassary o reveal tha ciilar u:hﬁerenr;m that exist between the allochthonous and
241 —autocht 5 species of both gemz!ra n:!n cilli and’ Bifidobacteria found in human teces. This is

Jn order o ascertain the frue i S'prd:u baclg Mu:t their functional role in bowel

243 healti a. Gecgraphical distribution with i:ll.'.'tSSIbI of specificities :,h the composition ﬂl/j::lnhaﬂillw and

: a microbiota in human gut is alsa ?dasurabl& factor 103,'Innk ina. L

|'|'_""- 1 ida
' 0 ]
45 CONCLUSION™. , {5 ° | AL
[
246 Although, the data as obtained né%ﬁlﬁ sugges;;a need to have a sufficieni number of baselina
247 zamples when comparing the lavel of bacternal populaticn within and belween individual subjects
248 juwmr this data concord with previous studies which establish the fact that papulation level of
249 eruban:ﬂll and Bilidobacteria varies within and between individuals.
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