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Industry Summary: 

 

Mulberry heart disease (MHD) in swine usually manifests as sudden death in young, fast-growing, 

apparently healthy pigs. The hallmark lesions are acute hemorrhagic myocarditis and myocardial necrosis 

resulting in heart failure. To clarify ongoing and recently increased questions concerning the etiology of MHD, 

we investigated the relationship between MHD and vitamin E, selenium, and 13 other mineral levels in heart 

and liver tissues. Additionally, several PCR assays were conducted on heart tissues to explore a possible 

relationship between viral pathogens and MHD. Samples were collected from a total 114 pigs representing a total of 

45 farms with a known history of increased numbers of mulberry heart disease (MHD) in nursery pigs with 1-10% of the 

pigs affected by sudden death and gross lesions of MHD (enlarged heart with intramural hemorrhages, ascites, 

enlarged liver). The samples were collected from clinically affected and unaffected pigs ranging from 7 to 120 

days of age. Depending on the type of samples collected, tissues went for either chemical analysis, pathogen 

analysis or both. On the basis of histological examination samples were separated into MHD and unaffected 

classifications. Of the 114 pigs, 75 liver and heart tissues were used for the chemical analysis and 66 heart 

tissues were used for the pathogen analysis. Among MHD and unaffected pigs, significant differences (P < 

0.05) were observed in levels for sodium and copper in heart tissues and sodium and magnesium, in liver 

tissues. There was a significant (P < 0.05) difference in levels of selenium (0.73±0.05 for MHD; 1.15±0.11 for 

unaffected pigs) in liver tissue only; however, levels were still within the normal range. In heart tissues the 

mean ± SE selenium level was almost identical (0.48±0.03 MHD; 0.48±0.02 unaffected pigs). Due to 

supplementation of vitamin E in feed rations, 22 pigs with levels of vitamin E above 3.5 IU/kg were removed 

from the heart tissue analysis and 13 pigs were removed from the liver analysis. There was no significant 

difference found in levels of vitamin E in MHD and unaffected pigs in heart or liver tissues. Analysis of feed 

samples for selenium revealed that of the 22 samples tested all were above the 0.3 ppm legal supplementation 

limit for swine feeds. Vitamin E levels while not regulated were all above 20 IU/Kg with one sample reaching 

340 IU/Kg.A total of 19 pigs were positive for PCV2 (9 unaffected; 10 MHD), four were positive for the North 

American PRRSV strain (3 unaffected; 1 MHD), 13 were positive for pan-herpesvirus (6 unaffected; 7 MHD), 8 

were positive for porcine enterovirus (2 unaffected; 6 MHD), 1 pig was positive for PPV (1 unaffected), there 

were no positive pigs for any of the other pathogens tested.   
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There was an association of MHD with selenium levels; however, due to supplementation animals are 

no longer deficient in selenium, no other mineral or vitamin E associations can be made from this study. While 

many of the pathogens were isolated from several pigs among the groups, they did not appear to be associated 

with the MHD status in the pigs.  
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Scientific Abstract: 

 

Mulberry heart disease (MHD) in swine usually manifests as sudden death in young, fast-growing, 

apparently healthy pigs. The hallmark lesions are acute hemorrhagic myocarditis and myocardial necrosis 

resulting in heart failure. To clarify ongoing and recently increased questions concerning the etiology of MHD, 

we investigated the relationship between MHD and vitamin E, selenium, and 13 other mineral levels in heart 

and liver tissues. Additionally, several PCR assays were conducted on heart tissues to explore a possible 

relationship between viral pathogens and MHD. Samples were collected from a total 114 pigs representing a total of 

45 farms with a known history of increased numbers of mulberry heart disease (MHD) in nursery pigs with 1-10% of the 

pigs affected by sudden death and gross lesions of MHD (enlarged heart with intramural hemorrhages, ascites, 

enlarged liver). The samples were collected from clinically affected and unaffected pigs ranging from 7 to 120 

days of age. Depending on the type of samples collected, tissues went for either chemical analysis, pathogen 

analysis or both. On the basis of histological examination samples were separated into MHD and unaffected 

classifications. Of the 114 pigs, 75 liver and heart tissues were used for the chemical analysis and 66 heart 

tissues were used for the pathogen analysis. Among MHD and unaffected pigs, significant differences (P < 

0.05) were observed in levels for sodium and copper in heart tissues and sodium and magnesium, in liver 

tissues. There was a significant (P < 0.05) difference in levels of selenium (0.73±0.05 for MHD; 1.15±0.11 for 

unaffected pigs) in liver tissue only; however, levels were still within the normal range. In heart tissues the 

mean ± SE selenium level was almost identical (0.48±0.03 MHD; 0.48±0.02 unaffected pigs). Due to 

supplementation of vitamin E in feed rations, 22 pigs with levels of vitamin E above 3.5 IU/kg were removed 

from the heart tissue analysis and 13 pigs were removed from the liver analysis. There was no significant 

difference found in levels of vitamin E in MHD and unaffected pigs in heart or liver tissues. Analysis of feed 

samples for selenium revealed that of the 22 samples tested all were above the 0.3 ppm legal supplementation 

limit for swine feeds. Vitamin E levels while not regulated were all above 20 IU/Kg with one sample reaching 

340 IU/Kg.A total of 19 pigs were positive for PCV2 (9 unaffected; 10 MHD), four were positive for the North 

American PRRSV strain (3 unaffected; 1 MHD), 13 were positive for pan-herpesvirus (6 unaffected; 7 MHD), 8 

were positive for porcine enterovirus (2 unaffected; 6 MHD), 1 pig was positive for PPV (1 unaffected), there 

were no positive pigs for any of the other pathogens tested.   

There was an association of MHD with selenium levels; however, due to supplementation animals are 

no longer deficient in selenium, no other mineral or vitamin E associations can be made from this study. While 

many of the pathogens were isolated from several pigs among the groups, they did not appear to be associated 

with the MHD status in the pigs.  

 

Introduction 

MHD is typically observed in apparently healthy nursery age pigs that are found dead and at necropsy 

the heart wall has a gross appearance of a mulberry. On one particular farm a three week old piglet with a good 

body condition and alertness was diagnosed with MHD. The piglet presented some clinical signs such as: slight 

icterus and cyanosis, a rapid heart rate, jowl edema and muscular weakness without CNS involvement. Serum 

was collected from the piglet and analyzed for vitamin E and selenium levels, due to the results the piglet was 

subsequently treated with sodium selenite and vitamin E intramuscularly; however, the piglet was found dead 

five hours after treatment. MHD and iron deficiency anemia were confirmed at necropsy (Gudmundson, 1976) 
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The hallmark microscopic lesions of MHD are transmural hemorrhages in the heart muscle and severe 

necrosis of heart muscle fibers. The myocardial damage leads to cardiac insufficiency and pulmonary edema, 

hydrothorax, hydropericardium, and in some cases ascites. Similarly, the liver is often enlarged (hepatomegaly). 

MHD typically has been a sporadic disease in the past but has become increasingly common in the U.S. In 

2007, swine practitioners and producers observed a marked increase of MHD in nursery pigs across U.S. 

(personal communication R.B. Baker). Typically, pigs are affected 5-7 days after arrival into the nursery and the 

mortality is usually 2-5% regardless of the intervention strategies (vitamin E and selenium supplementation of 

sows and piglets; preventive antibiotic treatment before and after shipment). 

MHD is thought to be associated with vitamin E and/or selenium deficiency. However, the majority of 

cases diagnosed as MHD have normal vitamin E and selenium concentrations in the liver. A recent 

retrospective analysis was conducted on vitamin E and selenium levels in liver in 37 and 26 cases, respectively. 

Only 25% of the pigs diagnosed as having MHD had low liver levels (< 2 ppm) of vitamin E (Pallarés et al., 

2002). In the years 2003-2005, only 1/36 vitamin E level determinations were completed on heart tissue (as 

opposed to liver). In this case the vitamin E levels were decreased on the heart but were within normal range on 

liver.   

The recent increase in MHD outbreaks has raised concerns that there might be some genetic component 

involved. However, based on our own observations, pigs across genetic lines can be affected. Moreover, pigs 

from a common source that are sold to different nurseries have different probabilities of being affected by MHD 

based on the nursery they are placed at in the production system. This suggests that affected nurseries have 

something other than the pig genetics or source in common.  

The diagnostic work up of cases suspected to be MHD is often limited to microscopic evaluation of the 

heart. During 2003-2007, the majority of MHD diagnoses were made on the basis of confirming the presence of 

the hallmark microscopic lesions in the heart without additional testing for presence of other pathogens. 

Recently, a new disease called “porcine myocarditis syndrome (PMC)” was reported in Australia (McOrist et 

al., 2004) and the cause is believed to be Bungowannah virus which is assumed to be a new species of pestivirus 

(Kirland et al., 2007). PMC is characterized by an increase in abortions and an increase in postweaning 

mortality. The lesions include myocardial necrosis and variable degrees of lymphoplasmacytic myocarditis and 

pulmonary edema associated with heart failure in fetuses and young growing pigs. Vitamin E and selenium 

levels of the sows and base rations on affected farms are reportedly within normal range.  

It is possible that there are other known and unknown viruses present that manifest as MHD-like lesions 

in pigs. Cases of heart failure without the hallmark lymphoid lesions associated with PCV2 (lymphoid depletion 

and histiocytic replacement of follicles) are rarely tested for presence of PCV2. However, we have recently 

observed high amounts of PCV2 in areas of myocardial necrosis in cases consistent with MHD but with normal 

vitamin E and selenium concentrations (Opriessnig et al., 2006). The prevalence of PPV-associated lesions in 

growing pigs is not known since laboratory testing for PPV is usually limited to mummified fetuses. Finally, 

determination of involvement of enterovirus in cases of heart failure is typically not done despite having a PCR 

available and frequently using it on suspected enterovirus CNS cases. It is also possible that many of the cases 

we diagnose as MHD are not associated with vitamin E or selenium deficiency but are associated with acute 

viral infection.    

 

Objectives 

a. To determine reference values for vitamin E and selenium levels in liver, heart, and serum of healthy pigs. 

b. To determine the vitamin E and selenium levels in liver, heart, and serum of pigs affected by mulberry heart 

disease (MHD). 

c. To determine the vitamin E and selenium levels in the vitamin and mineral mix used by the feed mills that 

supply herds affected by mulberry heart disease and also test for other contaminates (i.e. myocardial toxin) 

present in the mix. 

d. To determine the prevalence and contribution of known U.S. viral pathogens in cases of mulberry heart 

disease and myocarditis in the U.S. 

e. To determine if the Bungowannah virus is present in pig heart tissues from cases of MHD in the US. 
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f. To determine if there is some unknown infectious agent involved in the recent mulberry heart disease 

outbreaks by doing a bioassay in high health piglets. 

 

Materials and Methods 

 

1. Samples 
Samples were collected from a total 114 pigs representing a total of 45 farms with a known history of increased 

numbers of mulberry heart disease (MHD) in nursery pigs with 1%-10% of the pigs affected by sudden death and 

gross lesions of MHD (enlarged heart with intramural hemorrhages, ascites, enlarged liver). Farms ranged in 

size from 800 to 4500 head. The samples were collected from clinically affected and unaffected pigs ranging 

from 7 to 120 days of age. Depending on the type of samples collected, tissues went for either chemical 

analysis, pathogen analysis or both. On the basis of histological examination (myofiber necrosis and 

hemorrhage in the atrium and ventricular walls and in the interventricular septum) samples were separated into 

MHD and non-MHD classifications. 

 

1.1 Chemical Analysis samples: Liver and heart tissues from 75 pigs representing 22 farms and three 

states (Iowa, Illinois and Minnesota) were analyzed for the presence of Vitamin E and 14 trace minerals. The 14 

trace minerals included: cadmium, calcium, chromium, cobalt, copper, iron, magnesium, manganese, 

molybdenum, phosphorus, potassium, selenium, sodium and zinc. Of the 75 pigs 34 were classified as MHD 

affected and 41 were classified as non-MHD. Selenium and vitamin E levels only were tested in 22 feed 

samples collected 18 different farms.  

 

1.2 Pathogen Analysis samples: A total of 66 heart tissue samples collected from pigs from 33 farms 

from 5 states (Iowa, Illinois, Kansas, Minnesota and Ohio) were analyzed for the presence of 11 different 

pathogens/pathogen families. Specifically samples were tested using real-time or conventional PCR assays for 

pan-morbillivirus, pan-coronavirus, pan-pestivirus, porcine enterovirus (PEV), pan-herpesvirus, porcine 

circovirus type 1 (PCV1), porcine circovirus type 2 (PCV2), porcine parvovirus (PPV), European and North 

American porcine reproductive and respiratory syndrome virus (PRRSV), Bungowannah virus (BGWV) and 

West Nile virus (WNV). 

 

2. Chemical Analysis 

2.1. Vitamin E analysis  

Vitamin E analysis was done using high performance liquid chromatography (HPLC).  

 

2.2 Mineral Analysis  

Mineral panels were completed on all heart and liver tissues using a Varion 820 ICP- Mass 

Spectrometer. The panel included tissue levels for cadmium, calcium, chromium, cobalt, copper, iron, 

magnesium, manganese, molybdenum, phosphorus, potassium, selenium, sodium and zinc.  

 

3. Pathogen Analysis 

3.1 Isolation of viral RNA/DNA for PCR testing 

The samples were mechanically homogenized in 10-35ml (depending on sample size) sterile Earle’s 

medium by using a stomacher (Seward Stomacher
®
80) for 120 seconds. The homogenates were centrifuged at 

5000 rpm for 30 minutes at 4°C and the supernatant was transferred into 5 ml tubes. The tubes were stored at -

20°C until the day of the extraction. Fifty microliter of the homogenate were subjected to RNA/DNA extraction 

using the 5x MagMAX-96 Viral RNA Isolation Kit (Ambion, Austin, TX) following the manufacturer’s 

instructions for the automated extraction machine (KingFisher 96, Thermo Scientific, Waltham, MA).     

 

3.2 PCR 
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All the primer sequences are summarized in Table 1. The RT-PCRs were performed using the 

QIAGEN
® 

Onestep RT-PCR kit (Qiagen, Valencia, CA), all the other PCRs using the HotStarTaq
® 

Plus DNA 

Polymerase 1000 Units (Qiagen). The PCR amplicons were analyzed using the QIAxcel DNA kit (Qiagen
®

) and 

following the manufacturer’s instructions. 

 

3.2.1 Pan-Morbillivirus and Pan-Coronavirus 

Five µl of the RNA were added to 45 µl of the reaction mixture containing 28 µl of RNase-free water, 

10 µl of 5X reaction buffer, 2 µl of 10mM dNTP Mix, 1 µl of 20µM forward primer, 1 µl of 20µM reverse 

primer, 1 µl of RNase inhibitor, and 2 µl of RT-PCR enzyme mix. After the retro-transcription at 50 °C for 30 

min, the amplification reaction consisted of an initial step at 95 °C for 15 min, followed by 40 cycles of 1 min at 

94 °C, 1 min at 53 °C for the Morbillivirus and at 50 °C for the Coronavirus, 1 min at 72 °C, and a final 

extension step at 72 °C for 10 min. 

 

3.2.2 Pan-Pestivirus and Porcine Enterovirus 

For the first round reaction, the same reaction mix and amplification protocol of Pan-Morbillivirus and 

Pan-Coronavirus PCRs were used, with the only difference of an annealing temperature of 55 °C. The nested-

PCR was performed with 2 µl of first-round amplification product. The PCR mixture consisted of 40.5 µl of 

RNase-free water, 5 µl of 10X PCR buffer, 1 µl of 10mM dNTP mix, 0.5 µl of 20µM forward primer, 0.5 µl of 

20µM reverse primer, and 0.5 µl of Hotstart Taq polymerase for a final volume of 50 µl of reaction mixture. 

After initial denaturation at 95 °C for 15 min, 40 cycles of PCR were performed (1 min at 94 °C, 1 min at 60 °C 

for Pan-Pestivirus and at 55 °C for Porcine Enterovirus, 72 °C for 1 min) and terminated with an elongation step 

at 72 °C for 10 min.  

 

3.2.3 Pan-Herpesvirus 

As a forward primer a mix of HerpCon1F, HerpCon2F, HerpCon3F and HerpCon4F primers was used; 

as a reverse primer a mix of HerpCon7R and HerpCon8R primers was used. Five µl of RNA sample were added 

to 45 µl of reaction mix containing: 37 µl of RNase-free water, 5 µl of 10X PCR buffer, 1 µl of 10mM dNTP 

Mix, 1 µl of 100µM forward primer, 0.5 µl of 100µM reverse primer, and 0.5 µl of Hotstart Taq polymerase. 

The amplification reaction consisted of an initial step at 95 °C for 15 min, followed by 35 cycles of 1 min at 94 

°C, 1 min at 46 °C, 1 min at 72 °C, and a final extension step at 72 °C for 10 min. The nested-PCR was 

performed with 2 µl of the first-round amplification product. The forward primer set was a mix of HerpCon5F 

and HerpCon6F, the reverse primer was a mix of HerpCon9R and HerpCon10R. The PCR mixture consisted of: 

40.5 µl of RNase-free water, 5 µl of 10X PCR buffer, 1 µl of 10mM dNTP mix, 0.5 µl of 100µM forward 

primer, 0.5 µl of 100µM reverse primer, and 0.5 µl of Hotstart Taq polymerase for a final volume of 50 µl of 

reaction mixture. After initial denaturation at 95 °C for 15 min, 35 cycles of PCR were performed (94 °C for 1 

min, 46 °C for 1 min, 72 °C for 1 min) and terminated with an elongation step at 72 °C for 10 min. 

 

3.3. Real-Time PCR 

Specimens were considered positive when the Ct value was below 40. All primer-probe combinations 

are summarized in Table 1. 

 

3.3.1 Porcine circovirus type 1 (PCV1), porcine circovirus type 2 (PCV2) and porcine parvovirus (PPV) 

The reaction mix for the multiplex PCR consisted of 12.5 µl of ABI 2X PCR master mix (TaqMan 

Universal), 0.5 µl of 10µM probe, 1 µl of forward primer, 1 µl of reverse primer, 7.5 µl of DNA-free Water and 

2.5 µl of extracted DNA, for a total volume of 25 µl. The amplification conditions were 2 min at 50 °C, 10 min 

at 95 °C and 40 cycles of 15 sec at 95 °C and 1 min at 60 °C. 

 

3.3.2 Porcine reproductive and respiratory syndrome virus (PRRSV) 

Real-Time PCR was performed using the TaqMan® NA and EU PRRSV reagents (PN 4405547). Eight 

µl of extracted RNA was added to 17 µl of reaction mixture containing 12.5 µl of 2X Multiplex RT-PCR 
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Buffer, 2.5 µl of 10X PRRSV primer probe mix, 1.25 µl of 20X multiplex enzyme mix and 0.75 µl of nuclease-

free water. The amplification conditions were 2 min at 45 °C, 10 min at 95 °C and 40 cycles of 15 sec at 95 °C 

and 1 min at 70 °C. 

 

3.3.3 Bungowannah virus (BGWV) 

Real-Time PCR was performed using the AgPath-ID™ One-Step RT-PCR Reagents (ABI). 2.5 µl of 

extracted RNA was added to 22.5 µl of reaction mixture containing 12.5 µl of 2X RT-PCR Buffer, 1 µl of 25X 

RT-PCR enzyme mix, 0.5 µl of BGWV probe, 1 µl of BGWF primer, 1 µl of BGWR primer and 6.5 µl of 

Nuclease-free Water. The amplification conditions were 10 min at 45 °C, 10 min at 95 °C and 40 cycles of 15 

sec at 95 °C and 45 min at 60 °C. 

 

3.3.4 West Nile virus (WNV) 

Five µl of RNA were combined with 50 pmol of each primer and 10 pmol of the probe in a 50 µl total 

reaction volume by using the TaqMan RT-PCR Ready-Mix Kit (PE Applied Biosystems). The samples were 

subject to 45 cycles of amplification in an ABI 7700 Sequence Detection System instrument (PE Applied 

Biosystems) according to the manufacturer’s protocol for TaqMan assay RT-PCR cycling conditions (Lanciotti 

et al., 2000). 

 

Results 

 

Chemical Analysis  

Mineral results excluding selenium are summarized in Table 1 and are reported in parts per million 

(ppm).  

 

Table 1: Mineral levels in MHD in liver and heart tissues from MDH and unaffected pigs.  

  Unaffected  

Liver  

MHD 

Liver  

Unaffected 

Heart  

MHD 

Heart  

Cadmium (Cd) 0.02±0.00 0.02±0.00 0.02±0.00 0.03±0.00 

Calcium (Ca) 108.08±5.95 105.91±5.31 102.63±3.4 110.85±4.13 

Chromium (Cr) 0.12±0.03 0.12±0.02 0.14±0.01 0.14±0.01 

Cobalt (Co) 0.02±0.00 0.02±0.00 0.03±0.00 0.03±0.00 

Copper (Cu) 34.58±5.95 34.58±3.33 4.58±0.21
A 

3.85±0.21
B 

Iron (Fe) 163.65±15.01 201.79±2.43 92.9±6.34 86.76±5.83 

Magnesium (Mg) 177.75±4.08
C 

159.42±3.09
D 

147.83±4.02
 

139.52±2.80
 

Manganese (Mn) 1.82±0.10 1.82±0.01 0.38±0.03 0.35±0.02 

Molybdenum (Mo) 0.35±0.04 0.26±0.03 0.03±0.01 0.05±0.03 

Phosphorus (P)  2516.85±55.39 2366.88±52.01 1610.10±33.20
 

1562.42±23.79
 

Potassium (K) 2403.63±82.94 2208.79±73.20 2184.58±64.8 2108.18±46.93 

Sodium (Na) 1586.63±44.76
C 

1811.18±56.67
D 

1441.58±40.39
A 

1605.52±27.12
B 

Zinc (Zn) 150.45±13.13 139.27±14.89 29.85±2.18 226.27±1.84 

 

Among MHD and unaffected pigs, significant differences (P < 0.05) were observed in levels for sodium, 

copper in heart tissues and sodium and magnesium, in liver tissues. There was a significant difference in levels 

of selenium (0.73±0.05 for MHD; 1.15±0.11 for unaffected pigs) in liver tissue only, however levels were still 

within the normal range. In heart tissues the mean ± SE selenium level was almost identical (0.48±0.03 MHD; 

0.48±0.02 unaffected pigs).  
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 Due to supplementation of vitamin E in feed rations 22 pigs with levels of vitamin E above 3.5 IU/Kg 

were removed from the analysis in heart tissues and 13 pigs were removed from the liver analysis. With the 

removal of these pigs there was no significant difference found in levels of vitamin E in MHD and unaffected 

pigs in heart or liver tissues.  

 Analysis of feed samples for selenium revealed that of the 22 samples tested all were above the 0.3ppm 

legal supplementation limit for swine feeds. Vitamin E levels while not regulated were all above 20 IU/Kg with 

one sample reaching 340 IU/Kg. 

 

Pathogen Analysis  

A total of 19 pigs were positive for PCV2 (9 unaffected; 10 MHD), four were positive for the north 

American PRRSV strain (3 unaffected; 1 MHD), 13 were positive for pan-Herpes virus (6 unaffected; 7 MHD), 

8 were positive for porcine enterovirus (2 unaffected; 6 MHD), 1 pig was positive for PPV (1 unaffected), there 

were no positive pigs for any of the other pathogens tested. While many of the pathogens were isolated from 

several pigs among the groups, they did not appear to be associated with MHD status in the pigs. However, 

affected pigs had a trend for a higher incidence of PCV2 (P = 0.45), PEV (P = 0.25), and pan-herpesvirus (P = 

0.25).  

 

 

Discussion 

 

The objectives of this study were to (1) determine the vitamin E and selenium concentrations in pig liver 

and heart tissue, (2) explore the possibilities of a different mineral association,(3) determine current amounts of 

vitamin E and selenium in feed (4) determine the prevalence of pathogens associated with MHD.  

There were no significant differences in selenium levels in heart tissue, however there was a significant 

(P<0.05) difference in selenium in liver tissues, with pigs diagnosed with MHD having lower levels of 

selenium. Even though the significant difference exits, the level of selenium for MHD pigs is not considered 

deficient, in fact it is considered within the adequate range (0.1-2.9). Of all the livers tested 71 were considered 

adequate and 2 livers in the unaffected pigs were within the toxic range for selenium (3.0-120 ppm). This is not 

surprising when looking at the 22 feed samples, where all were above the legal supplementation limit. Selenium 

does occur naturally in corn and soy diets which are common in swine rations; however, the level of selenium 

that naturally occurs in these diets is not higher than 0.1ppm. When taking this into consideration 19/22 feed 

rations are still above the legal supplementation limit as defined by the food and drug administration (FDA).  

In contrast vitamin E has no legal supplementation limit and all 22 feed samples tested were adequate to 

high in vitamin E concentration, with one feed sample reaching 340 IU/kg. In heart tissues more pigs in the 

unaffected group had deficient levels of vitamin E compared to MHD pigs (23 unaffected; 8 MHD). This 

pattern is similar for liver tissues where a total of 40 pigs were deficient in vitamin E (29 unaffected; 11 MHD). 

With this information it is difficult to associate MHD with a vitamin E deficiency as this study clearly provides 

evidence that pigs not affected by MHD had a higher incidence of vitamin E deficiency. While there were some 

significant differences in mineral levels of sodium, magnesium and copper, more information is needed in order 

to associate these differences with MHD.  

Bungowannah virus, recently described in MHD cases in Australia(Chariot et al., 1997), was not 

identified in any of the cases tested. In this study no pathogen has been linked to MHD, however, there are a 

number of viruses in humans that have been shown to cause similar lesions to MHD (Beck et al., 2003; Chariot 

et al., 1997; Ramanathan and Taylor, 1997). These viruses, which also cause selenium deficiencies in the 

infected persons, include HIV1 and HIV2, Coxsackievirus B3, and several hemorrhagic fever viruses, most 

notably Ebola Zaire (Beck et al., 2003; Chariot et al., 1997; Ramanathan and Taylor, 1997; Taylor et al., 1997; 

Zhang et al., 1999).  

While the etiology of MHD and its relationship to vitamin E and selenium is still not completely 

understood, the data generated from this study provides evidence for the association of MHD and selenium. 

Although selenium deficiency has not been shown to cause MHD, it has once again been illustrated that MHD 
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is associated with depleted selenium levels. Interestingly it has been shown that supplementation of vitamin E 

and selenium in feed is above what is adequate for pigs in most cases, and a more defined system of 

supplementation needs to be enforced especially in cases where selenium is supplemented above the legal limit, 

and in levels where it is toxic to the pig. Furthermore, while the data is not strong enough to point to a definitive 

pathogen associated with MHD, there does seem to be a relationship between MHD and PEV and herpesvirus. 

This is especially interesting due to the link between certain viruses in other species and their associated clinical 

signs that are common to MHD (Beck et al., 2003; Chariot et al., 1997; Ramanathan and Taylor, 1997; Taylor et 

al., 1997; Zhang et al., 1999).  
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