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 MALIGNANT CATARRHAL FEVER IN SWAMPBUFFALOES (BUBALUS BUBALIS): A RETROSPECTIVE
 PATHOLOGICAL STUDY OF OUTBREAKS IN THAILAND
 Komkrich Teankam1* Rachod Tantilertcharoen2 Thanasak Boonserm3
 Siriwat Suadsong4 Wijit Banlunara1
 Original Article
 Abstract
 Komkrich Teankam1* Rachod Tantilertcharoen2 Thanasak Boonserm3 Siriwat Suadsong4 Wijit Banlunara1
 MALIGNANT CATARRHAL FEVER IN SWAMP BUFFALOES(BUBALUS BUBALIS): A RETROSPECTIVE PATHOLOGICAL STUDYOF OUTBREAKS IN THAILAND
 Malignant catarrhal fever (MCF) is a highly fatal disease of ruminants which has not been extensively
 studied in Thailand. The aim of this study was to describe the clinical signs and pathological findings of MCF-
 affected buffaloes (n = 13), in the Nakhonpathom province of Thailand. All cases were collected between May 1996
 and August 2000. Before the 1998 outbreak, four clinically normal sheep were moved into a pen adjacent to the
 buffaloes’ pens. The animals developed clinical signs of severe depression, anorexia, high fever, hypersalivation,
 and corneal opacity-associated excessive lacrimation. Necropsy revealed severe haemorrhages in various organs
 including the oropharynx, trachea, heart, kidneys and urinary bladder. Ulcerative stomatitis and abomasitis was
 often present. Diphtheritic tracheitis and/or pharyngitis were seen in 7/9 (77.8%) cases. Histopathologically,
 generalised vasculitis with occasional fibrinoid degeneration was a pathognomonic lesion detected in all cases in
 this study. Lymphoid infiltration was recognized in various organs, including the liver, eyes, and meninges, tracheal
 and intestinal submucosa. In this study, interstitial nephritis and non-suppurative myocarditis were markedly
 noticed. A skin lesion, consisting of chronic vasculitis, was observed in one buffalo, and is an unusual feature
 of MCF. The diagnoses of MCF in this study were based on histopathology and a nested polymerase chain
 reaction (PCR) result in one case. In conclusion, MCF was a highly fatal disease of buffaloes, and generalised
 vasculitis was clearly detectable in all cases. It is possible to speculate from the history of the outbreak, that MCF
 in buffaloes, in this study, was associated with sheep.
 Keywords : Malignant catarrhal fever, buffaloes, vasculitis, Thailand.1Department of Pathology, 2Veterinary Diagnostic Laboratory Unit, 3Department of Veterinary Medicine, 4Department of Obstetrics Gynaecology
 and Reproduction, Faculty of Veterinary Science, Chulalongkorn University, Bangkok 10330, Thailand.*Corresponding author
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 ∫∑§—¥¬àÕ
 §¡°ƒ™ ‡∑’¬π§”1* √™Æ µ—πµ‘‡≈‘»‡®√‘≠2 ∏π»—°¥‘Ï ∫ÿ≠‡ √‘¡3 »‘√‘«—≤πå ∑√«¥∑√ß4 «‘®‘µ√ ∫√√≈ÿπ“√“1
 °“√»÷°…“¬âÕπÀ≈—ß∑“ßæ¬“∏‘«‘∑¬“¢Õß‚√§‰«√—  Malignant catarrhal fever ¢Õß°“√
 √–∫“¥„π°√–∫◊Õª≈—°„πª√–‡∑»‰∑¬
 ‚√§ Malignant catarrhal fever (MCF) ‡ªìπ‚√§∑’Ë‡°‘¥°—∫ —µ«å‡§’È¬«‡Õ◊ÈÕßÀ≈“¬™π‘¥ ·≈–¡’Õ—µ√“°“√µ“¬ Ÿß °“√»÷°…“§√—Èßπ’È
 ¡’«—µ∂ÿª√– ß§å„π°“√Õ∏‘∫“¬Õ“°“√ ·≈–√Õ¬‚√§∑“ßæ¬“∏‘«‘∑¬“∑’Ë‡°‘¥¢÷Èπ„π°√–∫◊Õª≈—° ´÷Ëßµ“¬®“°‚√§ (MCF) ∑’Ë®—ßÀ«—¥π§√ª∞¡
 „π™à«ß√–À«à“ßªï æ.». 2539-2543 °àÕπ°“√√–∫“¥Õ¬à“ß√ÿπ·√ß„πªï æ.». 2541 ‰¥âπ”·°–‡¢â“¡“‡≈’È¬ß√«¡„π∫√‘‡«≥§Õ°°√–∫◊Õ
 ª≈—° „π°√–∫◊Õ∑’ËªÉ«¬æ∫Õ“°“√· ¥ß∑“ß§≈‘π‘° ÷́¡¡“° ‡∫◊ËÕÕ“À“√ ‰¢â Ÿß πÈ”≈“¬‰À≈¡“° ·≈–¡’πÈ”µ“‰À≈¡“°°«à“ª°µ‘ √à«¡°—∫
 °√–®°µ“¢ÿàπ º≈°“√™—π Ÿµ√´“° √Õ¬‚√§∑’Ëæ∫∫àÕ¬ §◊Õ æ∫‡≈◊Õ¥ÕÕ°√ÿπ·√ß„πÕ«—¬«–µà“ßÊ ‰¥â·°à §ÕÀÕ¬ ª“° À≈Õ¥≈¡ À—«„® ‰µ
 ·≈–°√–‡æ“–ªí  “«– °“√Õ—°‡ ∫·∫∫¡’·º≈À≈ÿ¡„π™àÕßª“°·≈–°√–‡æ“–Õ“À“√·∑â √Õ¬‚√§À≈Õ¥≈¡Õ—°‡ ∫™π‘¥‡ªìπ
 ·ºàπ‡π◊ÈÕµ“¬¬÷¥µ‘¥∫π‡¬◊ËÕ∫ÿÀ≈Õ¥≈¡ æ∫‰¥â„π°√–∫◊Õª≈—° 7 µ—« ®“° 9 µ—« (77.8%) „π∑“ß®ÿ≈æ¬“∏‘«‘∑¬“æ∫√Õ¬‚√§À≈Õ¥‡≈◊Õ¥
 Õ—°‡ ∫°√–®“¬∑—Ë«√à“ß°“¬„π°√–∫◊Õ∑ÿ°µ—« ·≈–æ∫°“√·∑√°‡¢â“¡“¢Õß‡´≈≈å≈‘¡‚ø‰´µå„πÕ«—¬«–µà“ßÊ ‰¥â·°à µ—∫ µ“ ‡¬◊ËÕÀÿâ¡ ¡Õß
 À≈Õ¥≈¡ ·≈–™—Èπ„µâ‡¬◊ËÕ‡¡◊Õ°≈”‰ â „π°“√»÷°…“§√—Èßπ’Èπ’È¬—ßæ∫‰µÕ—°‡ ∫·∫∫‡√◊ÈÕ√—ß‰¡à¡’ÀπÕß·≈–°“√Õ—°‡ ∫·∫∫‰¡à¡’ÀπÕß
 ¢Õß°≈â“¡‡π◊ÈÕÀ—«„® πÕ°®“°π’È¬—ßæ∫√Õ¬‚√§À≈Õ¥‡≈◊Õ¥Õ—°‡ ∫‡√◊ÈÕ√—ß∑—Ë«√à“ß°“¬„π‚¥¬‡©æ“–∑’Ëº‘«Àπ—ß„π°√–∫◊Õª≈—° 1 µ—«
 √Õ¬‚√§∑’Ëº‘«Àπ—ß¥—ß°≈à“« ®—¥‡ªìπ√Õ¬‚√§∑’Ëæ∫‰¥âπâÕ¬¡“°„π —µ«å∑’ËªÉ«¬‡ªìπ‚√§π’È ®“°°“√»÷°…“§√—Èßπ’È §“¥«à“°“√√–∫“¥¢Õß‚√§
 MCF „π°√–∫◊Õ§√—Èßπ’È πà“®–¡’ à«π‡°’Ë¬«¢âÕß°—∫·°–
 §” ”§—≠ : °√–∫◊Õª≈—° Malignant catarrhal fever À≈Õ¥‡≈◊Õ¥Õ—°‡ ∫ ‰∑¬1¿“§«‘™“æ¬“∏‘«‘∑¬“
 2Àπà«¬™—π Ÿµ√‚√§ —µ«åœ
 3¿“§«‘™“ Ÿµ‘»“ µ√åœ
 4¿“§«‘™“Õ“¬ÿ√»“ µ√å §≥– —µ«·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
 °√ÿß‡∑æœ 10330*ºŸâ√—∫º‘¥™Õ∫∫∑§«“¡
 IntroductionMalignant catarrhal fever (MCF) is a highly fatal
 disease that occurs in cattle, buffaloes, deer and other
 ruminants (Barker et al., 1993; Schultheiss, et al., 2000).
 MCF is characterised by clinical signs of corneal opacity
 with severe lacrimation, high fever and anorexia.
 Ulceration of the mucosa, including the oral mucosa,
 intestinal mucosa and urinary tract, is a prominent lesion
 in affected cattle. Striking microscopic lesions include a
 severe generalised vasculitis, especially in the kidney,
 liver, meninges and carotid rete (Liggitt and DeMartini,
 1980a, b). It has been previously established that MCF is
 an acute disease with high mortality (Plowright, 1990
 and Barker et al., 1993); however, in recent years chronic
 cases and recovered cases have been increasingly
 recognised (Milne and Reid, 1990; O’Toole et al., 1997;
 Penny 1998; Schultheiss et al., 1998). The etiologic
 agent is classified as two types of gamma herpesvirus:
 alcelaphine herpesvirus 1 (AHV-1) which causes
 wildebeast-associated MCF (WA-MCF) and ovine
 herpesvirus 2 (OHV-2) which causes sheep-associated
 MCF (SA-MCF) (Plowright, 1990). Wildebeast and sheep
 are natural carriers of the two viruses, respectively.
 Recently, caprine-associated herpesvirus 2 (CpHV-2) has
 been recognised in domestic goats, and the virus has been
 associated with MCF in deer (Li et al., 2001; Crawford
 et al., 2002). In Africa, WA-MCF occurred in cattle which
 had been in contact with wildebeast, and AHV-1 was
 successfully isolated. Though the causative virus of
 SA-MCF has never been isolated, it is genetically, closely
 related to AHV-1. It is known that sheep are asymptomatic
 carriers of OHV-2, shedding the virus and passing it to
 other ruminants (Plowright, 1990; Wiyono et al., 1994).
 SA-MCF has been reported in cattle and other ruminants
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 in such locations as the Americas (Pierson et al., 1973),
 Europe (Selman et al., 1974; M_ller-Doblies et al., 2001)
 and New Zealand (Tham, 1997). Outbreaks in buffaloes
 have been recorded in India (Singh and Gill, 1995),
 New Zealand (Hill et al., 1993), Malaysia (Vanselow, 1980)
 and Indonesia (Hoffmann et al., 1984).
 In Thailand, there is very little information about
 MCF in cattle or buffaloes, only one case before this
 report has previously been recorded (Banlunara et al.,
 2003). Details of the pathological findings of MCF in
 buffaloes are also scarce. The objective of this study was
 to describe the clinical signs and pathological findings of
 MCF in the 13 buffaloes, diagnosed in the Nakornpathom
 province of Thailand during the period from 1996 to 2000.
 Those observations could possibly prompt veterinarians
 in Thailand to consider the disease as a possible
 differential diagnosis when confronted with fatal diseases
 in buffaloes, cattle and other exotic ruminants, especially
 when these animals have been in contact with sheep.
 Materials and Methods
 Clinical history
 All cases (n = 13) were collected from the
 Pathology unit of the Large Animal Hospital, Faculty of
 Veterinary Science, Chulalongkorn University,
 Nakornpathom province, Thailand. The affected
 buffaloes were from two herds; herd A (case Nos. 1,
 10, and 13) consisted of 10 animals, and herd B (case
 Nos. 2-9, 11, and 12), 26 animals. Herd A was confined
 and separated by about 50 meters from herd B. All
 animals belonged to the demonstration farm of the faculty
 and located close to the Large Animal Hospital. The farm
 accommodates various kinds of animals including pigs,
 chicken, cattle, buffaloes and sheep. The sheep herd
 (approximately 100 sheep) was housed separately from
 the other ruminants. The distance between the sheep
 and the buffalo pens was approximately 100 metres.
 Case No. 1 occurred in May 1996. Case Nos. 2 - 10
 occurred in 1998: case Nos. 2 - 6 in May; case Nos. 7 and
 8 in June; case No. 9 in July and case No. 10 in August
 1998. The remaining case No. 11 occurred in May 1999,
 case No. 12 in September 1999, and case No. 13 in August
 2000. In mid April of 1998, before the serious outbreak
 occurred in herd B, four sheep were moved into the area
 where buffalo herd B was kept for other research purposes,
 and housed in a pen adjacent to the buffalo pens and under
 the same roof. The first buffalo died on May 16th, 1998,
 after 3 days of clinical illness. It is not included in these
 13 reported-cases, because the clinical and pathological
 data are not available. The disease in herd A appeared
 sporadically, but it was epidemic in herd B from May to
 July 1998 with a morbidity rate of 34.62% (9/26), and
 a mortality rate of 88.89% (8/9). The buffaloes were
 clinically examined daily until death, and blood samples
 collected from case Nos. 3 - 6 for haematology. The
 buffaloes were given antibiotics, supportive treatment
 and non-steroidal anti-inflammatory drugs.
 Postmortem study
 Necropsy was performed on 11 buffaloes
 excepting case No. 6, which completely recovered, and
 case No. 10 that was sent to slaughter house without
 necropsy. Various organs were submitted for routine
 histopathology, and Mallory’s phosphotungstic acid
 haematoxylin method (PTAH) was used to demonstrate
 fibrin. Lung samples of four buffaloes were submitted
 for bacteriology.
 Polymerase chain reaction (PCR)
 The formalin-fixed and paraffin-embedded tissues
 of kidney and lymph node of case No. 11 were examined
 by nested PCR using primer sets specific to OHV-2. The
 DNA extraction method and PCR conditions were as
 previously described (Banlunara et al., 2003). In brief, DNA
 was extracted using a phenal-chloroform extraction
 method. Three µg of DNA (approximately) were subjected
 to PCR. The primer sets used in this study were previously
 described (Li et al., 1995): primer set 556 (5’-AGTCTG
 GGGTATATGAATCCAGATGGCTCTC-3’) and primer
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 set 775 (5’-AAGATAAGCACCAGTTATGCATCTGA
 TAAA-3’) in the first step, and primer sets 556 and 555
 (5’-TTCTGGGGTAGTGGCGAGCGAAGGCTTC-3’)
 in the second step (238 bp product). PCR was performed
 using a commercial kit (Takara EX Taq, Takara, Japan)
 on a thermal cycler (Takara). PCR conditions for the first
 step were 38 cycles of denaturing (94oC, 1 min), annealing
 (60oC, 1 min) and extension (72oC, 2 min) with a final
 extension (72oC, 10 min). The second amplification was
 performed under the same conditions using 10 µl of PCR
 product from the first step as the DNA template. PCR
 products were analyzed by 2% agarose gel electrophoresis
 with ethidium bromide staining.
 Results
 Clinical observations
 The major initial symptoms observed in most of
 the animals were anorexia, severe depression, fever, and
 conjunctivitis with excessive lacrimation. The ocular
 discharge later became purulent (4 of 11 animals).
 Bilateral corneal opacity (7 of 11 cases, 63.6%) began at
 the peripheral limbus and continually spread into the
 centre of the cornea. Case Nos. 2 and 3 developed severe
 diphtheritic necrosis of the third eyelid. Some animals
 had hypersalivation and a serous nasal discharge, which
 later became purulent (8 of 10 cases), and some cases
 dried with an encrusted muzzle. Diarrhoea was observed
 only in case No. 2. The buffalo bull (case No. 4) was
 severely depressed and its penis was persistently relaxed
 throughout the illness with dry skin and hyperemia.
 Buffalo No. 6 completely recovered after a severe
 illness, but further information could not be retrieved.
 Haematological findings (Table 1) revealed
 marked leucopoenia, lymphopenia, and mild neutropenia
 in all the animals examined. Buffalo No. 6 showed
 consistent leucopoenia from the 1st to the 6th day of
 illness (2.7 to 4.7 (103 cells/µl); but after its recovery, the
 level of leucocytes in circulation increased to a normal
 range (Fig. 1). The clinical data and gross lesions are
 summarized in Table 2. The average age of affected
 buffaloes was 2.6 years (ranging from 1.5 to 5 years).
 The duration of illness ranged from 2 to 21 days (mean =
 6.5 days). Bacteriology on the lung showed only non-
 specific bacteria.
 Pathological findings
 A narrow ring of mild corneal opacity, 2 to 4 mm
 in width, was observed at corneal limbus of both eyes in
 6 out of 9 (66.7%) animals (Fig. 2) and was associated
 with severe conjunctivitis. Erosions or ulcerations of the
 oral mucosa and the lingual epithelium were seen in most
 animals (Fig. 3). Multiple ecchymotic haemorrhages
 and severe congestion were often observed in the mucosa
 of the nasal sinus, epiglottis, pharynx, trachea and
 bronchi. Abundant frothy fluid in the tracheal lumen was
 consistently seen in all animals, except in case No. 11.
 Tracheal and/or pharyngeal mucosa in 7 out of 9 animals
 (77.8%) was covered with a yellowish diphtheritic
 membrane (Fig. 4). Lungs in 10 cases (No. 1-5, 7-9,
 12-13) were markedly oedematous, and multifocal gray
 areas (0.5-1 cm) were occasionally observed in the
 diaphragmatic lobes. The tracheobroncheal lymph nodes
 and other lymph nodes of some animals were enlarged.
 Various degrees of haemorrhage in the epicardium,
 myocardium, and endocardium were observed in all
 animals. Severe haemorrhage in the renal capsules and
 the parenchyma were demonstrated. Haemorrhagic
 cystitis, occasionally accompanied with ulceration
 (mild to moderate degree), was frequently seen. In case
 No. 11, firm nodules (variable in size: 1.5-5 cm) in the
 subcutaneous tissue of the abdominal wall, the prescapular
 area and both hindlimbs were observed.
 Microscopically, severe necrotic vasculitis
 characterised by mononuclear cell infiltration in the
 tunicae adventitia and media of blood vessels was a
 hallmark of the histopathological features. The vascular
 lesions involved medium-sized arteries, arterioles and
 venules. These lesions were particularly noticeable in
 hearts, livers, kidneys, lungs, trachea, genital organs,
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 lymph nodes, brain and meninges. Vasculitis also appeared
 at the area of oral ulcers and abomasal ulcers. Fibrinoid
 degeneration of the blood vessels, confirmed by (PTAH),
 was noted in 6 animals. This lesion together with
 necrotizing vasculitis was seen in several organs,
 including the pampiniform plexuses, uterus, ovaries,
 lymph nodes, urinary bladders, kidneys, and submucosa
 of the trachea and the intestine.
 Non-suppurative, mild to moderate meningo-
 encephalitis, accompanied by vasculitis and occasional
 fibrinoid degeneration, was noticed in most cases (7/11,
 63.6%). A mild degree of gliosis was found in 3 out of 9
 animals examined (33.3%). In the eyes, lympho-histiocytic
 infiltration with fibrinoid vasculitis was often observed
 in the ciliary bodies, sclera, and ocular muscle (Fig. 5).
 Corneal oedema of a mild degree was also demonstrated.
 Hyphema in the posterior chamber was seen in case No. 9.
 Vascular lesions and lymphocytic infiltration were
 observed in the tracheal submucosa in the area where
 diphtheritic necrosis of trachea was observed. In lung
 tissues, severe interlobular oedema accompanied by
 multifocal vasculitis and lymphocytic infiltration was
 frequently found. Striking lesions of non-suppurative
 myocarditis and interstitial nephritis accompanied by
 vasculitis (Figs. 6, 7) were frequently noted. Multifocal
 necrosis of the bladder mucosa together with fibrinoid
 vasculitis and lymphocytic infiltration in the submucosa
 were frequently found. In male buffaloes, severe vasculitis
 of the pampiniform plexus (Figs. 8, 9) with occasional
 fibrinoid degeneration was seen in all the bulls examined.
 Venous thrombosis was sometimes seen. The infiltration
 of lymphocytes also appeared in ovaries, with a severe
 vasculitis of ovarian vessels. The uterus (case Nos. 9 and
 13) had prominent vasculitis in the myometrium and the
 serosa. Infiltration of lymphocytes in the liver, mainly in
 the portal area, was obvious in all buffaloes examined.
 Vascular changes in the spleen usually occurred in the
 splenic trabeculae. In the lymph nodes, vasculitis was
 frequently found in the capsule and medulla, concurrent
 lymphoid necrosis or depletion was also noticed. The
 enlarged lymph nodes of case No. 11 had a striking
 vasculitis in the medulla consisting of severe hyperplasia
 of the tunica media with lymphoid infiltration in the
 adventitia and media. Similar lesions of chronic vasculitis
 were generalized in the visceral organs as well as in the
 nodular skin lesions of this buffalo. From this case
 (No. 11), the nested PCR of tissues from lymph nodes and
 kidney was successfully used to amplify the 238 bp DNA
 (the result not shown) as expected from the second
 primer set (555 and 556).
 Table 1 Haematological results obtained from buffaloes (herd B) in an outbreak of MCF in 1998.
 Case No. 3 4 5 6b Reference rangec
 Day of blood collectiona 2nd 5th 3rd 1st
 RBC (x1012/l) 6.04 6.86 5.99 4.50 7.2-9.6
 Haemoglobin (g/dl) 12.1 15.8 14.0 10.2 13.6-17.1
 PCV (%) 36.6 48.7 44.2 29.4 0.35-0.45
 Total WBC (x109/l) 3.8 2.7 4.5 2.7 8.8-14.7
 Lymphocytes (x109/l) 2.05 1.8 1.03 1 5.3-11.2
 Neutrophils (x109/l) 1.6 0.8 3.24 1 1.6-4.4
 Eosinophils (x109/l) 0 0.05 0.06 0.65 0.0-0.34
 Monocytes (x109/l) 0.1 0.08 0.1 0.05 0.0-0.3
 Basophils (x109/l) 0 0 0 0 0.0-0.24
 adays after the onset of clinical signs, brecovered animal, cHill et al., 1992.
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 Case No. 1 2 3 4 5 6a 7 8 9 10b 11 12 13
 Sex m f m m f f m f f f f f f
 Age (yrs) 2.5 1.5 1.5 4 1.5 2.5 na 4 1.5 2 na 2.5 5
 Duration of illness (days) 2 3 4 7 6 8 3 na 21 3 7 7 7
 Clinical signs
 Conjunctivitis - +s +s +s na + +s na - + - +m +m
 Corneal opacity - - + + - na + na +s + - +m +
 Ocular discharge p p s s na p s na p s - na s
 Nasal discharge p p na s na p p na p p p na p
 Anorexia +s +s +s +s na +s +s na +s +s +s +s +s
 Fever + na + + + + + na na + - + +
 Gross lesions
 Corneal opacity na - +m + - + na +s - +m +
 Ulcerative stomatitis + + + + + na na + - + na
 Ulcerative abomasitis na na na + + na - na - na na
 Ulcer / haemorrhage of - na +m +s +m +m + +m - na -
 urinary bladder
 Lymphadenopathy - + + +m + +m + na + + +
 Diphtheritic pharyngitis / na +s +s +s - +m na +m - +m +m
 tracheitis
 Haemorrhage of
 - epicardium + na n +s + - na - - na -
 - endocardium - +s +m +s +m +m na +m - na +
 - myocardium - + na +m + - na - - na +
 - intestine + na na +m + na na - - na na
 - lymph node na + + + + + na na - na +
 - tracheal mucosa + + + +s + na na + - + na
 - pharynx + - +s +s + na na + - + na
 - renal capsule na - +s +s +s + na - - + -
 a: recovered, b: no necropsy, m: male, f: female, na: not available, s: serous, p: purulent
 (+): mild lesion, (+m): moderate lesion, (+s): severe lesion, (-): no detectable lesion
 Table 2 Clinical signs and gross lesions in buffaloes with MCF (n = 13).
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 Table 3 Microscopic lesions in buffaloes with MCF (n = 11).
 Case No. 1 2 3 4 5 7 8 9 11 12 13
 Vasculitis
 Meninges - +s +m + - + na + na - +
 Eye na + +s na na + na + na na na
 Heart + - - +s + na - + + na -
 Lung +m +m +m na + + + + + - +s
 Liver + +s + +s na + - + + na +
 Kidney + +s +s +s +s +m + + + na +s
 Oral mucosa na + +m + na na na + na na na
 Lymph node + + + +m - na + + + +m +
 Trachea + +s na +s na na na - na na na
 Spleen + + + + + na - + + na -
 Urinary bladder na na +m +m na + + + - na +
 Pampiniform plexus na na +s +s na +m na na na na na
 Uterus / Ovary na na - - +m - na + na na +
 Gastro-intestinal tract + na + + + na - + + na na
 Non-suppurative encephalitis + +m + + - + na + na - +
 Non-suppurative meningitis + + + + - + na - na - +
 Non-suppurative myocarditis + - +s +s + na +m + + na +
 Interstitial nephritis + +m +s +s +s +m +s + + na +
 Lymphoid infiltration in portal triads + +m +s +m na + +s + + na +
 Lymphoid necrosis of + +m +m + + na - + - +m -
 lymph nodes / spleen
 na: not available, (+): mild lesion, (+m): moderate lesion, (+s): severe lesion, (-): no detectable lesion
 DiscussionThe major clinical signs observed in our cases were
 anorexia and severe conjunctivitis, with oculonasal
 discharge. These clinical signs and the duration of illness
 were almost similar to previous reports of MCF in
 buffaloes and cattle (Liggitt and DeMartini, 1980a,b;
 Hoffmann et al., 1984). The findings of severe leucopenia
 consistently observed in our cases is strongly indicative
 of a viral infection. Bovine viral diarrhoea, infectious
 bovine rhinotracheitis or infectious keratoconjunctivitis
 were also considered as differential diagnoses, but the
 ocular lesions in these affected buffaloes, including
 lymphocytic infiltration in ciliary’s body and vasculitis,
 were the pathognomonic lesions of MCF (Whiteley et al.,
 1985). In contrast to MCF in cattle, corneal opacity
 was mild in our cases and was not found in all buffaloes.
 It was also observed that corneal opacity was not always
 seen in the MCF-affected buffaloes (Hoffmann et al., 1984).
 Generalised vasculitis is the major histopathological
 finding of MCF in cattle and other ruminants. These
 vascular changes consist of necrosis of the tunica media
 and mononuclear cell infiltration in the tunica adventitia
 (Liggitt and DeMartini, 1980a,b). In the current study,
 vasculitis was found in various organs, but fibrinoid
 degeneration was not consistently presented. This finding
 is in agreement with previous studies in cattle (Liggitt
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 and DeMartini, 1980a,b). In MCF-affected cattle, different
 degrees of haemorrhage are usually observed in the
 tracheal mucosa (Barker et al., 1993). Diphtheritic
 tracheitis, clearly seen in this study, is a rather uncommon
 finding of MCF in cattle. This finding may indicate a
 new exposure of the animals to the MCF virus. Non-
 suppurative myocarditis with severe vasculitis was
 common in this study. This finding is similar to a previous
 report of MCF in buffaloes (Hoffmann et al., 1984). In
 MCF-affected animals, kidneys were the major affected
 organs (Barker et al., 1993; Crawford et al, 2002). In the
 present study, interstitial nephritis with vasculitis was
 observed in all animals. The nodular skin lesion of case
 No. 11, consisting of vasculitis in subcutaneous tissue, is
 uncommon in MCF; however, it was earlier described
 in several studies (Holliman et al., 1994; Crawford et al.,
 2002; David et al., 2005). MCF has been recognised as
 an acute, highly fatal disease. Nevertheless, the recovery
 of affected animals has been reported in several studies
 (Milne and Reid, 1990; O’Toole et al., 1997; Penny 1998;
 Schultheiss et al., 1998) as well as in this study, indicating
 that some affected animals can survive, and probably
 develop a chronic form of the disease.
 The pathogenesis of MCF is still unclear; many
 authors proposed that the vascular lesions are the result
 of immune-mediated mechanisms, including type III
 antigen-antibody complex and cell-mediated immunity
 (Plowright, 1990; Schock and Reid, 1996). Many studies
 showed that CD8+ T lymphocytes are the predominant
 cell type infiltrating the vascular lesions of MCF (Nakajima
 et al., 1992; 1994; Lagourette et al., 1997). Simon et al.
 (2003) have also demonstrated that intralesional CD8+
 T lymphocytes were infected with OHV-2. In our study,
 MCF was likely to occur in adult buffaloes (more than
 1 year), and this age-related occurrence has also been
 observed in cattle (Vanselow, 1980; Müller-Doblies et al.,
 2001). MCF outbreaks in cattle in some countries
 appeared to be seasonal (Müller-Doblies et al., 2001),
 suggesting an association with the lambing season
 (Plowright, 1990). The number of animals in our study
 was not enough to draw any conclusion about seasonal
 occurrence; however, MCF in our cases frequently
 occurred between March and May. The housing of sheep
 and buffaloes together before the serious outbreak in
 herd B strongly indicates that close contact between
 these animals could contribute to the occurrence of MCF.
 However, the dairy cattle, Holstein Friesian, housed in the
 same farm, were not affected by MCF. This finding may
 suggest that swamp buffaloes are more susceptible to
 MCF than Bos Taurus (Hoffman and Young, 1989).
 Diagnosis of MCF could be based on the
 pathognomonic lesion of generalised vasculitis as well as
 the ocular lesions. Various predilection organs, including
 the kidney, heart, lung, lymph nodes, brain, carotid rete,
 eye, intestine and vessels of the reproductive organs should
 be examined for the presence of vasculitis (Liggitt and
 DeMartini, 1980a,b; Barker et al., 1993). Additionally
 PCR, using primers specific to OHV-2, could also be
 carried out to confirm the aetiology, although it is not
 available in a routine laboratory. In this study, nested
 PCR performed on paraffin material from the lymph node
 and kidney of buffalo No. 11 revealed positive results,
 confirming the aetiology of OHV-2 in this case. Although
 PCR results of the remaining cases were not available,
 the similarity of histopathological findings should be
 enough to support the diagnosis of MCF in our cases.
 In conclusion, MCF was a highly fatal disease of
 buffaloes in Thailand, characterised by lesions of
 generalised vasculitis. According to the clinical history of
 the buffaloes in this study, the outbreak of the disease
 may be associated with sheep. However, the carrier state
 of the sheep needs to be explored further.
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 Figure 1 Total white blood count of case No. 6. Blood
 samples were collected on days 1, 2, 5, 6, 7
 and 8 after the onset of illness.
 Figure 2 Corneal opacity with severe conjunctivitis in
 buffalo case No. 3. Bar = 2 cm.
 Figure 5 Arteritis of the ocular muscle (case No. 9).
 Infiltration of lymphocytes in the tunicae
 media and adventitia, with fibrinoid
 degeneration (arrow). HE stain. Bar = 100 µm.
 Figure 6 Heart. Vasculitis with fibrinoid degeneration
 of a branch of the coronary artery (case
 No. 9). HE stain. Bar = 100 µm.
 Figure 3 Palate and dental pad. Erosion of the oral
 mucosa (case No. 3). Bar = 1.6 cm.
 Figure 4 Trachea. Diphtheritic membrane covered the
 tracheal mucosa (case No. 3). Bar = 3 cm.
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