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ABSTRACT

Objectives: Endotoxins in dust generated in occupational settings is known to contribute to the occurrence of respiratory illness
among workers. The relationship between the level of endotoxins in total dust or respirable particulates collected from swine
farms and immunological markers related with respiratory allergy was evaluated among swine husbandry workers.

Materials and Methods: Peripheral blood samples were collected from ten workers at ten swine farms at Gyeonggi province,
Korea. Peripheral mononuclear cells were stimulated with phorbol 12-myristate 13-acetate and ionomycin for 48 hours. The levels
of various cytokines produced at culture supernatants were determined using a commercially available ELISA kit. The
concentration of particulate matter(PMo) in the indoor air of the swine farms was evaluated using a PVC membrane filter and
mini volume air sampler, and endotoxin levels in the dust were measured by Limulus Amebocyte Lysate Kinetic QCL method.
Results: Levels of endotoxins in the total dust were categorized into high(geometric mean: 109.35 EU/m”) and low concentrations
(geometric mean: 0.95 EU/m’) for five swine farms. Interleukin-4 levels were higher in the high endotoxin group than in the low
endotoxin group, while interferon-y levels were lower in the high endotoxin group than in the low endotoxin group. The ratio
(interferon-y to interleukin-4), indicating immunologic skewedness against allergic reactivities, was lower in the high endotoxin
group(1.15+0.60) than the low endotoxin group(3.09+2.38). In addition, the level of interleukin-13, another cytokine contributing
to the occurrence of allergic responses, was significantly higher in the at the high endotoxin group(1.12+0.37 ng/ml) than in the
low endotoxin group(0.37+0.04 ng/m¢). Hematologic assessment showed significantly lower cellularity in the number of total
leukocytes, neutrophils, and eosinophils in the high endotoxin group than in the low endotoxin group.

Conclusions: Even though a sufficient number of swine workers and farms were not investigated, this study generlly suggests that
the immunological function of swine farm workers exposed to high levels of endotoxin could be modulated toward allergic
reactivities.
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Table 1. Demographic characteristics of the study subjects
Mean+SD
Group No. of subjects Age(year) Swine husbandry work Daily work hour in swine
gey duration(year) husbandry indoors

High endotoxin exposure 5 442+12.4 16.8+8.3 5.243.3

Low endotoxin exposure 5 40.8+8.2 13.5¢8.2 7.8+4.5
2. LSOl DojMZ N2 EM d Hx 17 2lZ3 3}7] 93] 10% FBS(fetal bovine serum)-PBSZ(200

g3t phiwell) P 2A17F A 2o A XA ZleE BRI & o

ATRYAEN AN Qe BEAN F 1 nl ol Al AFBT HZuFAT 7} eytokine standard S

= =
3] ADVIA2120 @ A5 £A47|(SMN 10361162,
Simens, Germany)E ©]-8-5t0] H2d N Y-S A48
Ak 7o PAYRoRL & WETS ABIS, Y
TR WA S, EAT S, BFT 4 BAT S
471 MM FH(%), ATFELYE(%), sEaR
H % (g/dl)% oAk 5 me] Ao A Ficoll-paque
density gradient centrifugation(Amersham Pharmacia
Biotech, Upsala, Sweden)® ' Hof] Q3] 15 BE|5}
At Halx Y= DPBS(BioWhittaker, Walkersville,
Maryland, USA)Z A& 3= Complete RPMI Af| 31| &F ol
(1 mM nonessential amino acids, 1 mM sodium
pyruvate, 1% sodium bicarbonate, 2 mM glutamine, 50
UM  2-mercaptoethanol, 10% heat-inactivated fetal
bovine serum, 1% penicillin-streptomycin-fungizone
mixture 7P o|-83}o] 24 well plateo] well & 1 x
10° cells& W31 5% CO, wig7]ofA] 48413k 2H4s}
HjF shqick T P+ 243} 52 2= PMA(phorbol
12-myristate 13-acetate; 5 ng/ 1 x 10° cells; Sigma, Saint
Louis, Missouri, USA)$} ionomycin(500 ng/ 1 x 10°
cells; Sigma)& &3tsto] A3}

3. ELISA Bt ol 2|8t cytokine M2

A|Er]oFH ol A E IL-4, interferon gamma(IFNY),
TNFaq, interleukin-12(IL-12), interleukin-13(IL-13)& &
F3l7] 93l sandwich enzyme-linked immunosorbent
assay(ELISA) & AR&5}9tl Immulon IV plate
(Dynatech, Chantilly, VA, USA)o|l Z} cytokine®] tf
3l capture antibody(2 pg/ml) 100 pl/well2 i1 4T
oA overnight X AJZ Tt th-SY automatic washer
(Biotek ELx 50, Biotek Instruments, Burlington, VT,
USA)Z AlHt ¥, eule] uiSoly Rake o
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= Fl 4CollA overnight FX A ZlEE th=d 73] Al
2% detection antibody(1 pg/ml) 100 pl/wellS @il
Ao 247 FANL Th, Al 78] AlE &
avidin-peroxidase(2.5 pg/ml) 100 wl/wellS Y3l 147t
Aol A HZ|A|FL]. 2,2¢-azino-bis(3-ethylbenzthiazoline-
6- sulfonic acid; Sigma)E Al&3lo] &M & S
£ 405 nmoj|A ELISA reader(Biotek EL800, Biotek
Instruments) 2 =745}, cytokine®™ ARE-E antibody
pair®] 79~ IL-4, IFNy, TNFq, IL-13-2 BD PharMingen
(San Diego, CA, USA)9|A IL-12+= Invitrogen
(Camarillo, CA, USA)ol|lA 43}t ZF cytokine
H ARAE o5 Zoh IL-4(15 pg/ml), TFNy
(100 pg/mf), TNFa60 pg/ml), IL-12(20 pg/mb),
IL-13(100 pg/md).
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Table 2. Level of endotoxin in total or respirable dust collected from swine farms

*
GM(GSD) Statistical significance

High endotoxin exposure group Low endotoxin exposure group (p value)
Total dust(mg/m®) 0.53(2.88) 0.21(13.50)
Respirable dust(mg/m3) 0.73(1.23) 0.24(9.04)
Endotoxin in total dust(EU/m3) 109.35(4.75) 0.95(8.04) 0.008
Endotoxin in respirable dust(EU/m’) 1.20(4.19) 0.24(2.01) 0.036

¥ GM: geometric mean, GSD: geometric standard deviation. Level of endotoxin in dust was determined by Limulus Amebocyte

Lysate Kinetic QCL method.

et al., 2013; Hirahara et al.,, 2013). £3] 2= 37
el T Fzt9] 23}, S443HE 3
FFSE ol AYAHS & v
A AlZHY 52 A7 =

Q&0 WREWA HAeFRAT AT =
2 felolaet WA T YET /57t 4
F A7 @bs] AP QthKim et al., 2006;
Heo et al., 2010).

2 AolA= 13 BxE T 9Z(type-1 helper T
lymphocyte)oll A A8/, 4] == #o] E7FRIS] IFNY,
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K
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o

IL-12, TNFa 9 23 B2 T P04 A== IL4,
IL-13 o] E7}219)(Abbas et al., 2007) A +=1
=2, WEA 27 S 2489 IL4, IL-13
Y 22 Ash: Wsd =& vle =
LeEolA wotem 53] IL-139] A9 oF 4uf H=
ESLL o= FAMCRE foJslgith(Table 3). WA
13 Bz T gZFoA 4= IFNy, TNFa 4%
e W5 &4 Eth 19, 23 B
HEAE0 EA3to] QlojA WIS 5T 4

ky

IL-4 &2 s AAW|(Production ratio)E
ARtslEd, o] AgulE 248 19 BE T Yo
BE37E 29 Hxe T HEAo A =l
SAlstHE Ao®  wdsith F4F FUJAEY
ol M T Py E BABNIT 2 oA
e Wess S99 Bt A7 LISE A5
eE0] 3090 Hls Rl ERF L4 ) FEA
=4 4522 AFA|4(Correlation coefficient)7} 0.613
o] (p=0.0595), IL-13 $=1} FEAY Ysa

Table 3. Comparison of cytokine production levels from peripheral T cells of swine farm workers between high and low endotoxin

exposure group

High endotoxin exposure

Low endotoxin exposure Statistical significance

group group (p value)
Interleukin-4(IL-4, pg/ml) 26.40+6.60 20.22+7.67
Interferon-y(IFNy, ng/ml) 17.67+6.75 25.42+19.05
IFNy vs IL-4 ratio 1.15+0.60 3.09+£2.38
Interleukin-13 1.12+0.37 0.37+0.04 0.049
I;l/n[;{gr necrosis factor-a(TNFa, 6.9414 42 78842 68
Interleukin-12(IL-12, ng/mf) 2.71£0.61 1.64+0.79

Peripheral mononuclear cells isolated through Ficoll-density gradient method were stimulated with phorbol 12-myristate 13-acetate
and ionomycin for 48 hours in 5% CO, incubator. Level of cytokines in the culture supernatants was assessed by a sandwich

ELISA method.
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Basinas et al., 2012). &-7| 57219 34 AE = Y=L
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2 3= Ao 2 g3 X3l QIth(Liu, 2002; Portengen et
al., 2005; Cambra-Lopez et al., 2010; Basinas et al.,
2012). Z12fuf opA7HA] S-2uetE Zgsto] HAA
Aoz =i gt s = E7Es A5t
L Sl =7k ik @A 71A] Rylander(1997)7}F A ¢F
g 7S =85t Usa kFE HEE Skl jle=d,
100 EU/m® o]4koll A 5714 @30l 1= 1000
EU/m’ oA #A12Ql Rahgo] zefjwr] Alztsia

2000 EU/m’ oA oA Alzksl g =ARe zagh
g LEste] FAHQ Wha w2 WelE &
L Qiek @, sAge] AAlel, Hew HEef 3t
8 Aol Bk Seuetel A wd AT
7} @k A=l 9)A] itk E3] 2010 o] A
20119 Apo] et FEAAE FHORT 4
Fkel AGoR oARE A RBL 4
WgE BT AFE @A S 3lol FE FY H

2 e

37 %7t 2 B A4 A% A7 Sa8e] o
of k. olefat AR ok SE B AT S
o} HA FE B7h F oF 14%E AR A7|A
37l A]ol| A(The agriculture, Fisheries, Livestock news,
2012) F&x3 107] =4 10219] oF= =918 that
oz APPEo] B o] AutE =AY Hulo g ¢
wekshs e ol AARE £ ATrh ARt that A
HATAs Hol £F 2Aoln A A7

e o

Ak A o4 FE B3 P—‘;:ﬂ B 428 2%
AiHTable 2) 257 U SFARA 55 BE Lo}

2t g eF Oﬂfﬂ AL Q= 71EHER] &7
¢l 10 mg/m’o]LH(MOEL, 2013) 1= Ak 94871
718 9] 3] (American  Conference of Governmental
Industrial Hygienists, ACGIH)o|| A H]Z-4 SK(Inert), &
8- X(Insoluble), -84l (Poorly soluble) R o] thstd

Table 4. Comparison of peripheral blood hematology parameters of swine farm workers between high and low endotoxin exposure group

Number of cells(10%/0) High endotoxin exposure

Low endotoxin exposure Statistical significance

group group (p value)
Total leukocyte 6.07+0.51 8.62+0.82 0.030
Neutrophil 3.28+0.42 4.74+0.52 0.050
Lymphocyte 2.10+0.14 2.96+0.48
Monocyte 0.37+0.03 0.47+0.05
Eosinophil 0.14+0.03 0.24+0.03 0.043
Basophil 0.03+0.01 0.04+0.01
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2 Bxg T Y249 IL4 9 IL-10 A 50|
Y AY Y FAAECIT FAlol FAFSHA]
e el vlsl fofstA FAH s 2
st oA 28 Hx T YJE9| 7|50 19
Rz T g9 7ol vla ddjdem Ade
ghgshe At o 2012 AT A= BHeld 4
USAcHTable 3). FEAW &2 o] 20 EUM’
ol AEE WEL BT T YETREEHO
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Lol A IgEQ] isotype switching G=7F £7
IgE % S7h= HIvHA|Z, A4, QG52 IgE

H7F R A dear] S4 Ed Y e =
AZEsL obd 4 Akt A4 WY P 7]
e AW 4 Qs 2A Walolet o 4 AT
(Iversen et al., 2000; Radon et al., 2000; Portengen et
al., 2005; Elholm et al., 2010).

W5 wdo] 274 £57) A3k WAlol
ofstof 71ojsh= 7140l oA =& Al7|7} F85)
Th= 7Hdo] Qi &, ofRIAA] 2 EW 13 B
T "5 243 A 28 B2 T f=ZF 24315
oJAlste] HAT T dH 7] 2gTIEe A
= Ak B, A Al7lo] =EEH 29 HE T
HxT 245k wE g 27)HheE SEAI T
Zo|thLiu, 2002). o]t =FA|7]19] Apolof wE
HARRE-O] F=3te] tigh Aekgt el A7
S A A gtk & dAtolME A = wHdE

E isotype switching=
SESIIL U, SAP, TAPES DA
2
2]

71th(Akdis et al., 2011). o]
Mol o5 Mol =7kl A4 B AlSe] el
AAE A4, okEM A T3e, ohbhetA A 5 17
TRIEH-S(type 1 hypersensitivity)of] Z=/do] &2 A

Az WskAZ Aotk ARAOR B ATo|N BE
5 FE 5B WEL mEI AvE W)y
o Wahe AAH QA D GRS B
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2 Afe BN wEEE YEA o] whet
Bz T JZp7t d4lo] He AEudge| Halrt
AEAE Brstr] iste] st A71w 4
o 1A 107 EAtolA F8A, 554 B1& £
A F Bz By WEL 58 FFshict
ob&d S EAlolA A HA HAUAJNER B
B wxdolg AT 7, 74 2o Aoz ¢
2 BA3t gEo] T YZ7E AT & AN EE
2% Wo|E71l 3L Bekch FEAY U5
4 $FO] 20 EUM' o]l A48 LEE fEs
lu%%zi 10 EUm’ v]gkel 492 A= i
L2107 HEste] HwatgS o, 23 BE T 9
o) A MEJL IL-4, TL-13 #po|E7}el 32
T YEh eEdoA AsE wEdtol v 4

gHoR kw19 HE T Pupdx Y=
+ IFNy, TNFa %2 isE s esatolA
A wdel] v AgHoz
L4, IL-13 A4 S35 W54 522 fo3 o4
WYL eleh 9T A S BA elot

T Y

2 A FENEA S 5 R&D o1zﬂrJrA}o4
‘IFLHI(JMIH%E PJ00867806) Yoz 28E9)
B, el B2 FA U AREERL
2y, Al Am dlo] o]%og g Fol AL, MR & o]y
o|A}, Fu|A 7+E AL Zen] QA A A=
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