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Serum interferon-gamma and interleukins-6 and -8 during infection with
Fasciola gigantica in cattle and buffaloes
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This study investigated the presence of cytokines interferon
(IFN)-gamma, interleukins (IL) -6 and -8 in serum of cattle
and buffaloes infected with Fasciola gigantica from one to 16
weeks post-infection to determine their T cell response
during infection. The concentration of these cytokines was
determined by sandwich enzyme-linked immunosorbent
assay (ELISA). No IFN-gamma was detected in these
animals while IL-6 was elevated from one to 16 weeks post-
infection. Levels of IL-8 were also elevated in infected
buffaloes from one to 16 weeks post-infection. A
predominantly T helper (Th) 2 response which started early
in the infection was apparently present in cattle and
buffaloes in this study which was characterised by IL-6. IL-8
production could be another mechanism of immune
response in buffaloes during infection with F. gigantica.
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Introduction

Fasciola gigantica is a common parasite of cattle and
buffaloes in the tropics and causes significant economic
losses to agricultural and livestock production [26,28].
Despite the importance of tropical fasciolosis, information
on the nature of the immune response induced during
infection is limited. Generally, helminth infections are
manifested by suppression of T helper (Th) 1 function and
induction of T cells which express cytokines characteristic
of the Th2 subset [5,10] Studies with £ hepatica in cattle
and sheep have demonstrated that the T cell response is
polarized towards a type 2 response [5,6,17,18,29]. There is
no published information regarding cytokine profiles during
F. gigantica infection hence information on T cell response
during infection is lacking. This study was undertaken to
investigate cytokine production in cattle and buffaloes
infected with F gigantica to give an indication of the T cell
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response and provide a basis of understanding host-parasite
relationship during F. gigantica infection in these animals.

Materials and Methods

Experimental animals and their maintenance

Sixteen cattle, 7-10 months of age, were purchased from a
ranch in Kiblawan, Davao del Sur, Mindanao, Philippines.
Sixteen buffaloes, aged 7-12 months, were purchased from
farmers in Cotabato Province, Philippines. At purchase,
animals were free of detectable eggs of F. gigantica in their
faeces. They were treated with triclabendazole (Fasinex
240; Novartis, Switzerland) and ivermectin (Ivomec;
Merial, UK) and allocated at random into infected [8] and
control [8] groups for each species. The animals were
maintained in pens on a diet of freshly cut napier grass ad
libitum and 2 kg of grain concentrate per animal per day.
Mineral lick and water were also provided ad libitum. The
animals were cared for in compliance with the Australian
Code of Practice for the Care and use of Animals for
Scientific Purposes.

Infection with F gigantica

After an acclimatisation period of two weeks, animals
were infected with a single dose of 1000 viable metacercariae
of F gigantica. The metacercariae were obtained from
infected Lymnaea rubiginosa collected at Midsayap, Cotabato
Province, Philippines. Metacercariae were administered
within 1 week of harvesting by oral infection on a bolus of
filter paper.

Blood collection

Blood was collected from the jugular vein once weekly
for 16 weeks. Serum obtained from clotted blood after
centrifugation was kept at —20°C until analysis.

Cytokine analysis

Levels of IFN-gamma (y) in serum of cattle and buffaloes
were assessed using a solid phase sandwich enzyme
immunoassay kit (Bovine y Interferon Test; CSL Biosciences,
Australia). The levels of IL-6 and IL-8 in serum of infected
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Fig. 1. IFN-y profile in cattle (a) and buffaloes (b) infected with F. gigantica.

and non-infected cattle and buffaloes were determined by
ELISA. The assay made use of mouse anti-ovine IL.-6 or IL-
8 at 5 pug/ml as the coating antibody and rabbit anti-ovine
IL-6 (Center of Animal Biotechnology, University of
Melbourne and Epitope Technologies, Australia) or IL-8
(Epitope Technologies, Australia) diluted at 1 : 5000 as the
detector antibody. Conjugate used was anti-rabbit Ig-HRP
(Tropbio; James Cook University, Australia) diluted at
1 : 120. Tetramethylbenzidine (TMB) substrate solution was
used as the enzyme substrate. Conjugate controls were
included in each plate. Recombinant ovine 1L-6 and IL-8
(DPI; Geelong, Australia) were used as the positive controls.
Absorbance was obtained at 450 nm using an ELISA plate
reader and background readings were subtracted from
readings of the unknown samples. Values obtained were
read against the standard curve taking into consideration the
dilution factor.

Results

IFN-y production
No IFN-y production was observed in infected and control
cattle and buffaloes from 1 to 16 weeks post-infection (Fig. 1).

Serum IL-6 and IL-8 levels

Levels of serum IL-6 were increased in cattle and
buffaloes infected with F gigantica (Fig. 2). Serum IL-8
levels were higher in infected buffaloes compared to levels
in control buffaloes while IL-8 levels in infected cattle were
lower than control cattle (Fig. 3).

Discussion

The present study is the first to investigate levels of IFN-y,
IL-6 and IL-8 during infection with F gigantica. Results
show that the T cell response of cattle and buffaloes infected
with F gigantica in this study was apparently a type 2
response, with a downregulation of a Th1 response. This is
indicated by an absence of IFN-y production and the
presence of IL-6 from one to 16 weeks post-infection in
these animals indicating that the Th2 response commenced
early and persisted throughout the 16-week observation
period. IL-6 is one of the cytokines produced by Th2 cells
[1,7] and it participates in the polarization of the immune
response towards a Th2 response [2]. A similar result was
reported by Clery et al. [5] who did not detect IFN-y in cattle
during a chronic infection with F hepatica. A predominant
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Fig. 2. Serum IL-6 levels in cattle (a) and buffaloes (b) infected with F. gigantica.

Th2 response has been reported in rats, sheep and cattle
infected with F. hepatica [19]. More recently, Waldvogel et
al. [29] observed that peripheral blood mononuclear cells of
calves experimentally infected with F hepatica expressed
high amounts of IL-4 but not of IFN-y mRNA early in the
infection indicating a Th2 biased immune response
commencing early in the infection. The IgGl, IgE and
eosinophilia are features associated with a Th2 response
[8,24]. Clery et al. [5] observed that IgG1 was the dominant
isotype present in cattle infected with F hepatica in their
study, with IgG2 occurring at much lower levels. The IFN-y
response that commenced early in the infected cattle and
buffaloes in this study may have inhibited their Thl
production.

The increased serum IL-6 in infected cattle and buffaloes
and increased IL-8 in infected buffaloes suggests that these
cytokines may have a role in the immune reaction during
liver fluke infection in some species. These cytokines were
demonstrated in humans infected with F. hepatica [15] but
there is no published information regarding their role in the
immunity during liver fluke infection.

IL-6 and IL-8 are both involved in an antibody-dependent
cell-mediated cytoxicity (ADCC) involving neutrophils as
shown by a number of studies [3,4,11,12,16,25]. It was

demonstrated that IL-6 inhibited hepatic stages of Plasmodium
through an oxidative burst [21] and primed neutrophils’
ability to kill Salmonella typhimurium [20]. 1L-8 also
enhances the phagocytic ability of neutrophils during the
immune and inflammatory responses to pathogens [12,16].
In fasciolosis, ADCC has been considered to be a mechanism
by which flukes are destroyed. In F hepatica-resistant rats
larvae of F hepatica were coated with antibody and host
cells, including eosinophils, neutrophils, macrophages and
mast cells, before they were destroyed within the peritoneal
cavity [14]. Hansen et al. [13] suggested that killing of
flukes in the F gigantica-resistant Indonesian thin-tailed
(ITT) sheep may be due to an ADCC reaction, a mechanism
also supported by Estuningsih ez al. [9] who observed that
macrophages of ITT sheep demonstrated an ADCC against
F gigantica. The mechanism of killing juvenile flukes in F.
hepatica-resistant rats was identified as the release of high
levels of nitric oxide by peritoneal lavage cells [22,23,27].
Cattle and buffaloes, by producing IL-6 and IL-8 (in
buffaloes) during infection with F gigantica, may thus be
capable of exerting a cytotoxic effect against the fluke.

In conclusion, cattle and buffaloes infected with F
gigantica in this study had a predominant Th2 response
which started early in the infection. IL-6 production in these
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Fig. 3. Serum IL-8 levels in cattle (a) and buffaloes (b) infected with F. gigantica.

animals apparently influenced the initiation and maintenance
of a type 2 immune response thereby down-regulating Thl
response. [L-6 and IL-8 (in buffaloes) may be involved in a
cytotoxic mechanism in cattle and buffaloes against F
gigantica. In addition, immunity to F gigantica differs
between cattle and buffaloes, with the latter capable of
producing IL-8 during infection.

Acknowledgment

This study was supported by the Australian Centre for
International Agricultural Research (ACIAR) project AS1/
96/160 on the Control of Fasciolosis in Cattle and Buffaloes
in Indonesia, Cambodia, and the Philippines.

References

1. Abbas AK, Murphy KM, Sher A. Functional diversity of
helper T lymphocytes. Nature 1996, 383, 787-793.

2. Angeli V, Faveeuw C, Delerive P, Fontaine J, Barriera Y,
Franchimont N, Staels B, Capron M, Trottein F.
Schistosoma mansoni induces the synthesis of IL-6 in
pulmonary microvascular endothelial cells: role of IL-6 in
the control of lung eosinophilia during infection. Eur J
Immunol 2001, 31, 2751-2761.

3. Borish L, Rosenbaum R, Albury L, Clark S. Activation of

10.

11.

12.

neutrophils by recombinant interleukin 6. Cell Immunol
1989, 121, 280-289.

. Borish LC, Steinke JW. 2. Cytokines and chemokines. J

Allergy Clin Immunol 2003, 111, S460-475.

. Clery D, Torgerson P, Mulcahy G. Immune responses of

chronically infected adult cattle to Fasciola hepatica. Vet
Parasitol 1996, 62, 71-82.

. Clery DG, Mulcahy G. Lymphocyte and cytokine responses

of young cattle during primary infection with Fasciola
hepatica. Res Vet Sci 1998, 65, 169-171.

. Cox FEG. Concomitant infections, parasites and immune

responses. Parasitol 2001, 122, S23-S38.

. Estes DM. Differentiation of B cells in the bovine: Role of

cytokines in immunoglobulin isotype expression. Vet
Immunol Immunopath 1996, 54, 61-67.

. Estuningshih WE, Widjajanti S, Partoutomo S, Spithill

TW. In vitro killing activity of anti-serum antibodies from
sheep infected with F gigantica in the presence of
macrophages against homologous and hererologous liver
flukes. Jurnal Ilmu Ternak dan Veterinar 1999, 4. 196-201.
Finkelman FD, Pearce E, Urban JF Jr, Sher A. Regulation
and biological function of helminth-induced cytokine
responses. Immunol Today 1991, 12, 62-66.

Goldsby RA, Kindt TJ, Osborne BA. Kuby Immunology,
4th ed, pp. 670, Freeman, New York, 2000.
Gougerot-Podicalo MA, Elbim C, Chollet-Martin S.
Modulation of the oxidative burst of human neutrophils by



13.

14.

15.

16.

17.

18.

19.

20.

pro- and anti-inflammatory cytokines. Pathol Bio (Paris)
1996, 44, 36-41.

Hansen DS, Clery DG, Estuningsih SE, Widjajanti S,
Partoutomo S, Spithill TW. Immune responses in
Indonesian thin tail and Merino sheep during a primary
infection with Fasciola gigantica: lack of a specific IgG2
antibody response is associated with increased resistance to
infection in Indonesian sheep. Int J Parasitol 1999, 29, 1027-
1035.

Hughes DL. Fasciola and Fascioloides. In: Soulsby EJ (ed.).
Immune Responses in Parasitic Infections: Immunology,
Immunopathology, Immunoprophylaxis (Vol. 2) Trematodes
and Cestodes, pp. 91-114. CRC Press, Boca Raton, 1987.
Khalil SS, Abou Shousha S, Farahat AA, Rashwan EA.
Production of pro-inflammatory cytokines (GM-CSF, IL-8
and IL-6) by monocytes from fasciolosis patients. J Egypt
Soc Parasitol 1999, 20, 1007-1015.

Mitchell GB, Betty AN, Caswell JL. Effect of interleukin-8
and granulocyte colony-stimulating factor on priming and
activation of bovine neutrophils. Infect Immun 2003, 71,
1643-1649.

Moreau E, Chauvin A, Boulard C. [FN-gamma and IL-10
production by hepatic lymph node and peripheral blood
lymphocytes in Fasciola hepatica infected sheep. Parasite
1998, 5, 307-315.

Mulcahy G, Dalton JP. Cathepsin L proteinases as vaccines
against infection with Fasciola hepatica (liver fluke) in
ruminants. Res Vet Sci 2001, 70, 83-86.

Mulcahy G, Joyce P, Dalton JP. Inmunology of Fasciola
hepatica infection. In: Dalton JP (ed.), Fasciolosis, pp. 341-
366, CAB International, Cambridge. 1999.

Nadeu WJ, Pistole TG, McCormic BA. Polymorphonuclear
leukocyte migration across model intestinal epithelia
enhances Salmonell typhimurium killing via the epithelial

Cytokines in cattle and buffaloes infected with Fasciola gigantica

21.

22.

23.

24.

25.

26.

217.

28.

29.

139

derived cytokine, IL-6. Micro Infect 2002, 4, 1379-1387.
Pied S, Renia L, Nussler A, Miltgen F, Mazier D.
Inhibitory activity of IL-6 on malaria hepatic stages. Parasite
Immunol 1991, 13, 211-217.

Piedrafita D, Liew FY. Nitric oxide: a protective or
pathogenic molecule? Rev Med Microbiol 1998 9, 179-189.
Piedrafita D, Parsons JC, Sandeman RM, Wood PR,
Estuningsih SE, Partoutomo S, Spithill TW. Antibody-
dependent cell-mediated cytotoxicity to newly excysted
juvenile Fasciola hepatica in vitro is mediated by reactive
nitrogen intermediates. Parasite Immunol 2001, 23, 473-82.
Pritchard DI, Quinnell, RJ, Walsh, EA. Immunity in
humans to Necator americanus: 1gE, parasite weight and
fecundity. Parasite Immunol 1995, 17, 71-75.

Reali E, Spisani S, Gavioli R, Lanza F, Moretti S and
Traniello S. IL-8 enhances antibody-dependent cellular
cytotoxicity in human neutrophils. Immunol Cell Biol 1995,
73, 234-238.

Shoda LKM, Rice-Ficht AC, Zhu D, McKnown RD and
Brown WC. Bovine T cell responses to recombinant
thioredoxin of Fasciola hepatica. Vet Parasitol 1999, 82, 35-
47.

Spithill TW. Piedrafita D, Smooker PM. Immunological
approaches for the control of fasciolosis. Int J Parasitol 1997,
27, 1221-1235.

Spithill TW, Smooker PM and Copeman D.B. Fasciola
gigantica: In: Dalton JP (ed.), Fasciolosis, pp. 465-527. CAB
International, Cambridge, 1999.

Waldvogel AS, Lepage MF, Zakher A, Reichel MP,
Eicher R, Heussler VT. Expression of interleukin 4,
interleukin 4 splice variants and interferon gamma mRNA in
calves experimentally infected with Fasciola hepatica. Vet
Immunol Immunopathol 2004, 97, 53-63.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


