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ABSTRACT 

One of the most common causes of calling in calves and economic losses is septic arthritis and joint diseases. 
Septic arthritis may occur in several routes: direct trauma, extension from particular infection, contamination of the joint or 
hematogenously. The aim of this study was to determine bacterial causes of septic arthritis and the most effective antibiotic 
against the isolated organisms. In this study, 40 crossbreed arthritic calves, in both sexes, up to 3 month-old were 
examined. After general and clinical examination, blood samples were aseptically collected from jugular vein and 
examined for routine bacterial culture. Synovial fluid samples were also aspirated aseptically from arthritic limb joints and 
submitted for routine bacterial culture, and polymerase chain reaction (PCR) assay for Mycoplasma bovis (M. bovis) 
detection. Antibiotic sensitivity test was performed in cases with positive bacterial culture. Our results showed, WBC, 
neutrophils counts and fibrinogen in blood samples were increased significantly (P<0.05). Staphylococcus aureus (S. 
aureus), Escherichia coli (E.coli) and Corynebacterium bovis (C. bovis) were isolated from 4 (10%), 6 (15%) and 8 (20%) 
of blood samples of cases with arthritis, respectively. In synovial fluid analysis, viscosity was decreased in all cases. Total 
protein, WBC and neutrophils counts were increased and monocytes counts was decreased significantly (P<0.05). In 55% 
of population, synovial fluid culture was positive. It was included E.coli, C. bovis and S. aureus, 2 (5%), 8 (20%) and 12 
(30%) respectively. M. bovis was detected by PCR from 8 (20%) of synovial fluid of affected animals. In in-vitro antibiotic 
sensitivity test, gentamycin was the most effective antibiotic against isolated organism during this study. 
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INTRODUCTION 

Arthritis is one of diseases that causes significant 
economic loss in the cattle industry and its symptom is 
different degrees of lameness, fever, pain and swelling. 
Usually the synovial fluid become abnormal and contains 
large number of white blood cells and pathogens [1-4].  

Various pathogens are reported as the cause of 
arthritis in calves and any animals in different areas of the 
world [2, 4-8].  

The septic arthritis of the joint can be created 
through 4 ways of blood infection, propagation of 
infection from an infection center in the body (like hoof 
abscess) and infection caused by individual [1, 9, 10].  

Especially in young animals the joint infection 
can be created following bacteremia or sepsis. It is 
determined that calves with hypogammaglobulinemia are 
more sensitive to the bacteremia and septic arthritis. The 
synovial fluid was first studied in terms of physical 
characteristics (color, turbidity and viscosity) [1, 9, 10].  

Mycoplasma is a causative agent of contagious 
pleuropneumoia [11, 12], pericarditis [11], mastitis and 
various reproductive disorders [11, 12], meningitis [11], 
keratoconjunctivitis [12], arthritis and synovitis [11], 
pneumonia and arthritis [13] in bovine species. Arthritis 
caused by Mycoplasma primarily reported in the United 
States and later observed in Australia [11]. Gain access of 
the organism to the blood stream and localization in 
synovial surface resulted in an inflammatory reaction in 
affected joints and adjacent tissues [11, 12]. Mycoplasmal 

arthritis is more common in young cattle but adults 
including dairy cows are also susceptible to the disease. 
Long transportation and mixing of cattle at different ages 
may predispose factors to the disease production [11, 12]. 
Bovine arthritis can be caused by several of Mycoplasma 
spp. such as M. bovis, M. canadense, M. alkalenscens and 
M. bovigenitalium [11, 12]. Review of literature indicates 
the importance of Mycoplasma spp. as causative agents of 
bovine arthritis and several diseases. M.bovis has been the 
most common isolate from bovine arthritis [11]. Usually the 
disease also needs to long-term treatment and paying high 
medical costs. Therefore sometimes the treatment is not 
economic due to high costs of the treatment and in result 
more economic losses are provided [4, 9, 14, 15]. Using 
inappropriate antibiotic, delay in starting treatment and 
creation of irreversible lesions in tissues and structure of 
the joint can be mentioned as causes of the failure in 
treatment, also [16, 17].  

The first diagnosis of this disease is based on 
clinical symptoms while the differential diagnosis is based 
on evaluating synovial fluid and culture and using further 
diagnostic technics such as, radiology, ultrasonography, 
fluorescent antibody, gas chromatography [4, 9, 14, 18-
20].  

So the main purpose of this study is to determine 
prevalence of bacterial agents in arthritis in calves of the 
region. Meanwhile in this study the most effective 
antibiotic in treatment of the mentioned disease is 
determined by inform the antibiogram test in order to 
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consider an acceptable route in clinical cases as the first 
antibiotic selection while the time is saved.  
 
MATERIALS AND METHODS 
 
Study areas and sampling 

Samples were collected from referent calves to 
the Veterinary Clinic of Islamic Azad University of 
Shahrekord Branch and cattle breeding centers around the 
Shahrekord, Iran. After general and physical examination, 
sampling was performed from 40 crossbreed calves 
younger than three months age that affected to arthritis. 

First, joints of limbs were examined in terms of 
heat, inflammation, swelling, pain and it was tried to 
obtaining clinical examination confirmation after that the 
arthritis was proved and the owner satisfaction was 
achieved. Then blood was collected from jagular vein, in 
the aseptic condition by needle gauge no.18 and was 
maintained in laboratory tubes containing anticoagulant 
substance, EDTA, along with ice and then was issued to 
the laboratory in order to study hemogram and culture.  
 
Bacterial strains, culture conditions and PCR 

The blood sample was cultured on Eosin 
Methylene Blue (EMB), blood agar, and nutrient agar as 
liner in the vicinity of the flame and was put in incubator 
for 24-48 h at the temperature of 37°C. Then the bacterial 
isolation was performed if the bacterial grow occurred. 
Also about joints that showed the disease symptoms (heat, 
inflammation swelling and pain), first hairs of the area was 
shaved and then the local disinfection was performed. The 
synovial fluid was aspirated by the needle gauge no.18 for 
cellular studies, determination of total protein and linear 
cultures on EMB, blood agar and nutrient agar as mention 
above. The cultures were incubated for 24-48 h at the 
temperature of 37°C. Then the bacterial isolation and 
antibiogram test were performed if the bacterial grow was 
seen and results were defined as resistance, sensitive and 
moderate. Also a sample of synovial fluid from each 
studied calf was issued to the central laboratory to 
detection Mycoplasma bovis (M. bovis) in PCR method.  
 
DNA extraction  

DNA extraction from samples was using 
according to the method described by the Laird et al. [21] 
and the total DNA was measured at an optical density of 
260 nm.  
 
DNA amplification and detection of PCR products 

The PCR reaction mixtures were placed in a 
thermal cycler (Mastercycler gradient, Eppendrof, 
Germany). As a forward primer, Mb1 (5’-
AAGGTACACCAGCTAACCCAG-3’), described by 
Ghadersohi et al. (1997) [22] was used. The Mbr2 reverse 
primer (5’-AATGAAGCTACTGATCCAAG-3’) was used 
based on the M. bovis variable surface lipoprotein (Vsp) 
genomic region sequence published by Lysnyansky et al. 
(1999) [23]. 
PCR conditions 

PCR was carried out in a total volume of 50 μl, 
containing 1×, 50 mM KCl, and 200 µM of dNTP, 20 
picomoles of each primer, 5 µl of DNA and 2.5 U of Taq 
polymerase. After 5 min initial denaturation at 94 buffers 
for a final concentration of 10 mM Tris-HCl, pH 8.3, 1.5 
mM Mgcl2, 35 cycles were performed with the following 
parameters: 20 sec at 94°C, 20 sec at 52°C, and 1 min at 
72°C. After cycling, a final extension was applied for 5 
min at 72°C. 
 
Electrophoresis 

The PCR products were dissolved in a 1% (w/v) 
agarose gel containing 1× TBE buffer (100 mMTris–HCl 
(pH 8), 90 mM boric acid, and 1 mM Na2EDTA), stained 
with an ethidium bromide solution (0.5 μg/ml) and a DNA 
ladder (Fermentas Co., Germany) used to detect the 
molecular weight of observed bands and visualized under 
UV light. Also, were images obtained in UVIdoc gel 
documentation systems (Uvitec, UK). 
 
Antimicrobial resistance test 

Antibiotic susceptibility test was performed by 
Kirby-Bauer disc diffusion method on Mueller Hinton 
agar based on recommendations of CLSI (formerly the 
National Committee for Clinical Laboratory Standards) 
(NCCLS, 2008) [24]. The following antibiotics were used 
in this study: streptomycin, linco-spectin, oxitetraciclina, 
ampicillin, penicillin, amoxicillin, enrofloxacin, 
gentamicin which were purchased from Padtan-Teb 
Company (Tehran, Iran). 
 
Statistical analysis 

Data were transferred to a Microsoft Excel spread 
sheet (Microsoft Corp., Redmond, WA, USA) for analysis. 
Using the Statistical Package for the Social Sciences 
(SPSS) 18.0 statistical software (SPSS Inc., Chicago, IL, 
USA). 
 
RESULTS 

This study was performed for 14 months. The 
maximum and minimum age in studied calves was 6 and 
90 days respectively with the average age of 32 days. 
Studied calves included 18 (45%) male and 22 (55%) 
female calves that there was no significant difference 
between two sexes statistically (P<0.05). In current study, 
in 8 cases, arthritis was with history and symptoms of 
other diseases that 8 cases (20%) were with pneumonia, 6 
cases (15%) with umbilical cord infection and 2 cases 
(5%) with diarrhea. The body temperature and heart rate 
have significant increase compared to normal values in the 
clinical examination of calves affected to the arthritis 
(P<0.05).   

Number of white blood cells (WBC), neutrophil, 
band cell and amount of blood fibrinogen showed the 
significant increase than their normal values but blood 
lymphocytes showed significant decrease than their 
normal values (P<0.05).  No significant difference was 
seen in number of red blood cells, monocytes and 
eosinophils in blood compared to their normal values 
(P<0.05).   
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The bacterial agents were isolated from 45% of 
blood cultures totally. Bacterial agents isolated from blood 
culture of calves affected to arthritis and their frequency 
has been presented in the Table-1.   

In synovial fluid, for detection of M. bovis in 
PCR methods, 8 samples were positive (Figure-1). M. 
bovis was isolated from 4 pneumonic calves. In detection 
of M. bovis in synovial fluid with PCR methods, 8 samples 
were positive. In some cases M. bovis was available 
combined with other bacterial agents that these included 4 
cases (10%) with Staphylococcus aureus (S. aureus), 2 
cases (5%) with E. coli and 2 cases was only M. bovis. 
Bacterial agents were isolated from 55% of synovial fluids 
culture. Their prevalence has been showed in the Table-2.  
 
Table-1. The prevalence of bacterial agents isolated from 

blood culture of affected calves. 
 

Bacterial agents Prevalence (n) (%) 

C. bovis 8 (20%) 

E. coli 6 (15%) 

S. aureus 4 (10%) 

 
Table-2. Prevalence of bacterial agents isolated from the 

synovial fluid culture of affected calves. 
 

Bacterial agents Prevalence (n) (%) 

C. bovis 8 (20%) 

E. coli 2 (5%) 

S. aureus 12 (30%) 

 

 
 

Figure-1. Ethidium bromide-stained 1% agarose gel 
electrophoresis of PCR products. M. bovis were used to 
amplify a 750-bp. Lane M contained 100-bp DNA marker, 
lane 2 to 5 contained PCR products (lane 2= negative; lane 
3, 4 and 5= positive), and lane 1 contained positive 
control. 
 

In cases with positive synovial fluid culture, the 
antibiogram test was performed by using tylosin, 
streptomycin, linco-spectin, oxitetraciclina, ampicillin, 
penicillin, amoxicillin, enrofloxacin, gentamicin disc. 
Results of the biogram test of the synovial fluid were 
obtained for amoxicillin 62.5% resistant, 25% average and 

12.5% sensitive.  Results obtained from the antibiogram 
test of the synovial fluid shown the most suitable effect of 
the gentamicin on bacterial agents in arthritic calves. In all 
cases the pathogen shows resistance to the ampicillin and 
penicillin. The isolated bacteria show moderate reaction 
against other antibiotic discs in this study. 
 
DISCUSSIONS 

Increase in heart rate, body temperature and 
changes in blood cellularity indicate persistence of 
infection condition in calves, beside in 8 cases arthritis 
were with other diseases. In current study, 55% of 
synovial fluid culture was positive. Frey et al. [25], Kent-
Lloyd et al. [26], Madison et al. [27] and McGee [28] 
reported 40-75% success in isolating infectious agent from 
synovial fluid culture.  

Negative results of synovial fluid culture in cases 
of infectious arthritis may be provided by presence of 
some other agents like viral agents or establishment of 
infectious agents in the synovial membrane, antibiotics 
consumption, immunity factors and activity of leucocytes, 
sampling method, condition of transferring the samples to 
the laboratory and laboratory methods [12, 29].  

In the present study bacterial agents isolated from 
the synovial fluid culture included S. aureus, 12 cases 
(30%), Corynebacterium bovis (C. bovis), 8 cases (20%) 
and E. coli, 2 case (5%) (Table-2). Prevalence of each of 
the bacterial agents than other bacterial agents compare to 
bacterial agents isolated in this study did not show 
statistical difference. This issue can be resulted by 
limitedness of studied samples number. Most frequent 
bacterial agents isolated from arthritic of calves in other 
reports include: E.coli, Salmonella spp., Arcanobacterium, 
Fusobacterium necrophorum, Staphylococcus sp. and M. 
bovis [12, 30-32].  

Firth et al. [32] and Van plet et al. [30, 31] 
reported that the most frequent agents in new-born arthritis 
calves had been Streptococcus spp. and Coliforms and in 
older calves and cow had been Actinomyces pyogenes [30-
32]. In this study in 8 cases (20%), M. bovis was isolated 
from synovial fluid by the PCR method.  

As observed in Tables 1 and 2, S. aureus is 
isolated from blood in 4 cases and from the joint in 12 
cases and E.coli in 6 cases from blood and 2 cases from 
joint. These results can be explained with regard to 
difference in tissue affinity and pathogenicity between E. 
coli and S. aureus. S. aureus has high affinity to synovial 
membrane and can survive intracellular in result it remains 
for longer time in the joint but E. coli is rapidly removed 
from locality and rarely remains there [12,33]. S. aureus is 
able to distribute in the tissue extensively and create 
abscess in all organs [34]. In one study after venous 
injection of S. aureus to mice only in 2.5% of population 
septicemia was observed while majority of mice became 
affected to septic arthritis. Regarding above results, 
Bremell et al. [35] announced that S. aureus remains for a 
short time in blood but it tends to be located in tissues 
specially joints. Tissi et al. [36] reported, also septic 
arthritis was observed following venous injection of 
Staphylococcus agalactiae in mice.  
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Surface proteins of S. aureus and their adherence 
properties can play an important role in pathogenicity of 
infectious arthritis. These include ability to binding to 
fibronectin [37, 38] or collagen [39] as well as less 
specific hydrophobic interactions [40] that causes bacterial 
adhesion to synovial membrane. Reaction between 
Staphylococcus and collagen and fibronectin are unique 
and can be effective in maintaining infections process of 
Staphylococcal in bone and joint. Also S. aureus can bind 
dedicatedly to bone sialoprotein [41]. Certainly, ability of 
S. aureus to attach bone is very important in its 
Pathogenicity and can justify high frequency of joint and 
bone infection after bacteremia [42]. 

In some cases M. bovis was existed as combined 
with other infectious agents that this includes 4 cases 
(10%) of M. bovis accompanied  by S. aureous 2 case 
(5%) accompanied by E. coli and 1 case (5%) was only M. 
bovis. There are some reports based on isolation of only 
M. bovis or combined with other infectious agents in 
calves' arthritis [43-46]. Dyer et al. [47] in USA succeeded 
to isolate M. bovis by the PCR method from synovial fluid 
in studying two Bisons affected septic arthritis and 
lameness. One farm in Australia that 30% of cows in the 
range of 2-3 weeks olds were suffered from lameness and 
polyarthritis, Mycoplasma was reported as the cause of 
disease [48]. Hammond et al., (2003) [6] succeeded for the 
first time to isolate Mycoplasma from synovial fluid of a 
giraffe affected to arthritis by the PCR method in Texas.  
In the present study, 4 of calves who detected M. bovis in 
synovial fluid, were suffered from pneumonia, also M. 
bovis is an agent that can causes pneumonia and lameness 
in calves. Study of Gagea et al. [49] conducted in a farm 
in Canada, where calves were from arthritis and 
pneumonia, reported that 46% of calves with pneumonia 
resulted from M. bovis were also suffered to arthritis. 

Shiel et al. [50] and Alexander et al. [51] have 
presented a report based on isolation of Mycoplasma from 
calves affected to pneumonia and polyarthritis. Anyway 
Mycoplasma infectious arthritis might be without any sign 
of pneumonia [52].  

Adegboye et al. [53] believed prevalence of 
Mycoplasma arthritis following pneumonia supports the 
theory that one of the ways that arthritis resulted from M. 
bovis can be provided is respiratory infection transfer 
through the air. Although creation of infectious arthritis 
and pneumonia in calves suckling milk in result of using 
milk of cows affected to Mycoplasma mastitis is also 
proposed [51].  

Byrne et al. [54] believe that if other symptoms 
were not observed in area of interdigital space, hoof or 
upper limb when performing clinical examination, 
especially if there is history of livestock purchase or 
occurrence of lameness after respiratory disease recently 
must be considered in subtractive diagnosis of lameness. 

Results obtained from antibiogram test of 
synovial fluid in arthritic calves show suitable effect of 
gentamicin while, in all cases, pathogen showed resistance 
against penicillin although there is a report based on 
penetration of penicillin in synovial fluid [12]. Report of 
Hum et al. [48] indicates bacterial resistance in infectious 

arthritis against ampicillin, penicillin, streptomycin, 
erythromycin, sulfonamide, lincomycin and sensitivity of 
the agent causing infectious arthritis against lincospectin 
and tetracycline. In the present study resistance level 
against streptomycin, oxytetracycline and ceftiofur was 
moderate, indicating inappropriateness of mentioned drugs 
in treatment of arthritic calves.  

Due to presence of different results in this regard, 
selecting appropriate antibiotic with regard to antibiogram 
test is a determinant in result of treatment. Anyway in 
ruminant, antibiotics that are effective on Coliform, 
Streptococcus should be used before antibiogram test [55]. 
Results of this study indicate appropriate effect of 
gentamicin on agents causing calves' arthritic. Of course it 
should be noted that results obtained from this study are in 
laboratory condition and ability to penetration and amount 
of drug activity in the synovial fluid, synovial fluid pH and 
type of pathogen are influence the result of antibiotic 
therapy. Meanwhile infectious agents in fibrin clots will be 
safe against antibiotic effects [19].  
 
ACKNOWLEDGEMENTS 

The authors would like to express their deep 
sense of gratitude and sincere thanks to Dr. Hassan 
Momtaz and the staff of the Biotechnology Research 
Center of Islamic Azad University of Shahrekord Branch 
in Iran. Also, the authors would like to express their 
thanks to staff of the Veterinary Department of the 
Shahrekord Veterinary Hospital. 
 
REFERENCES 
 
[1] Rhode C, Anderson DE, Desrochers A, St-Jean G, 

Hull BL, Rings DM. 2000. Synovial fluid analysis in 
cattle: A review of 130 cases. Vet Surg. 29, 341-346. 
 

[2] Francoz D, Desrochers A, Fecteau G, Desautels C, 
Latouche JS, Fortin M. 2005. Synovial Fluid Changes 
in Induced Infectious Arthritis in Calves. J Vet Intern 
Med, 19, 336-343. DOI: 10.1111/j.1939-
1676.2005.tb02704.x. 
 

[3] Van Amstel SR, Shearer JK. 2006. Review of 
pododermatitis circumscripta (ulceration of the sole) 
in dairy cows. J Vet Intern Med. 20, 805-811. 
 

[4] Heppelmann M, Kofler M, Meyer H, Rehage J, Starke 
A. 2009. Advances in surgical treatment of septic 
arthritis of the distal interphalangeal joint in cattle: A 
review. Vet J, 182, 162-175. 
 

[5] Watkins GH, Sharp MW. 1998. Bacteria isolated from 
arthritic and omphalitic lesions in lambs in England 
and Wales. Vet J, 156, 235-238. 
 

[6] Hammond EE, Miller CA, Sneed L, Radcliffe RW. 
2003. Mycoplasma-associated polyarthritis in a 
reticulated giraffe. J Wildl Dis. 39, 233-237. 
 



                               VOL. 10, NO. 6, JUNE 2015                                                                                                                     ISSN 1990-6145 

ARPN Journal of Agricultural and Biological Science 
©2006-2015 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                        210 

[7] Bani Ismail Z, Al-Rukibat R, Al-Tarazi Y, Al-Zghoul 
MB. 2007. Synovial fluid analysis and bacterial 
findings in arthritic joints of juvenile male camel 
(Camelus dromedarius) calves. J Vet Med. 54, 66-69. 
 

[8] Lacasta D, Ferrer LM, Ramosa JJ, Loste A, Bueso JP. 
2008. Digestive pathway of infection in Streptococcus 
dysgalactiae polyarthritis in lambs. Small Rumin Res. 
78, 202-205. 
 

[9] Ross JJ. 2005. Septic arthritis. Infect Dis Clin North 
Am. 19(4): 799-817. 
 

[10] Krysak DE. 2006. Chronic pneumonia and 
polyarthritis syndrome in a feedlot calf. Can Vet J. 47, 
1019-1020. 
 

[11] Gharagozlou MJ, Najafi J, Tabatabayi AH, 
Khazrainia P. 2004. A Pathologic and microbiologic 
study on bovine arthritis associated with Mycoplasma 
spp. Arch Razi Ins. 58, 97-104. 
 

[12] Radostits OM, Gay CC, Blood DC, Hincheliff FW. 
2007. Veterinary Medicine. A Text Book for the 
Diseases of Cattle, Sheep, Pigs, Goats and Horses, 
10th ed., pp.641-645, 730, Bailliere Tindall, London, 
New York. Saunders. 
 

[13] Hewicker-Trautwein M, Peters M, Gruber A, Baum 
B, Liverköhne I, Buchenau I, Kleinschmidt S. 2003. 
Bronchopneumonia and polyarthritis due to 
Mycoplasma bovis in a calf. Dtsch Tierarztl 
Wochenschr. 110, 147-150. 
 

[14] Ross MW, Orsini JA, Richardson DW. 1991. Closed 
suction drainage in the treatment of infectious arthritis 
of the equine tarsocrural joint. Vet Surg. 20, 21-29.  
 

[15] Desrochers A, Anderson DE, St-Jean G. 2001. 
Surgical treatment of lameness. Vet Clin North Am: 
Food Anim Pract. 17, 143-158. 
 

[16] Ivester KM, Adams SB, Moore GE, Van Sickle DC, 
Lescun TB. 2006. Gentamycin concentrations in 
synovial fluid obtained from the tarsocrural joints of 
horses after implantation of gentamycin-impregnated 
collagen sponges. Am J Vet Res. 67, 1519-1526. 
 

[17] Haerdi-Landerer MC, Suter MM, Steiner A, 
Wittenbrink MM, Pickl A, Gander BA. 2008. In vitro 
cell compatibility and antibacterial activity of 
microencapsulated doxycycline designed for 
improved localized therapy of septic arthritis. J 
Antimicrob Chemother. 61, 332-340. 
 

[18] Lapointe JM, Laverty S, Lavoie JP. 1992. Septic 
arthritis in 15 standardbred race horses after intra-
articular injection. Equine Vet J. 24, 430-4. 
 

[19] Smith BP. 2002. Large Animal Internal Medicine. 3rd 
ed., pp. 366, 367, 1096-1099, St. Louis: Mosby. St 
Louis, London, Philadelphia.  
 

[20] Starke A, Heppelmann M, Meyer H, Rehage J. 2008. 
Diagnosis and therapy of septic arthritis in cattle. 
Cattle Practice. 16, 36-43. 
 

[21] Laird PW, Zijderveld A, Linders K, Rudnicki MA, 
Jaenisch R, Berns A. 1991. Simplified mammalian 
DNA isolation procedure. Nucleic Acids Res. 19, 
4293. 
 

[22] Ghadersohi A, Coelen RJ, Hirst RG. 1997. 
Development of a specific DNA probe and PCR for 
the detection of Mycoplasma bovis. Vet Microbiol. 
56, 87-98. 
 

[23] Lysnyansky I, Sachse K, Rosenbusch R, Levisohn S, 
Yogev D. 1999. The vsp locus of Mycoplasma bovis: 
Gene organization and structural features. J Bacteriol. 
181, 5734-5741. 
 

[24] 2008. National Committee for Clinical Laboratory 
Standards (NCCLS): Performance standards for 
antimicrobial disk and dilution susceptibility tests for 
bacteria isolated from animals; approved standard, 2nd 
ed. NCCLS document M31- A3. National Committee 
for Clinical Laboratory Standards, Wayne, PA. 
 

[25] Frey ML, Thomas GB, Hale PA. 1973. Recovery and 
identification of Mycoplasmas from animals. Ann N Y 
Acad Sci. 225, 334-346, DOI: 10.1111/j.1749-
6632.1973.tb45661.x. 
 

[26] Kent-Lloyd KC, Susan M Stover, JR Pascoe, P 
Adams. 1990. Synovial fluid pH, cytologic 
characteristics, and gentamicin concentration after 
intra-articular administration of the drug in an 
experimental model of infectious arthritis in horses. 
Am J Vet Res. 51, 1363-1369. 
 

[27] Madison JR, Sommer M, Spencer PA. 1991. 
Relations among synovial membrane histopathologic 
findings, synovial fluid cytologic findings, and 
bacterial culture results in horses with suspected 
infectious arthritis: 64 cases (1979-1987). J Am Vet 
Med Assoc. 198, 1655-1661. 
 

[28] McGee JO'D, Isaacson P, Wright NA, editors. 1992. 
Oxford Textbook of Pathology. 2b: 2078, Oxford: 
Oxford University Press. 
 

[29] Von Essen R. 1997. Culture of joint specimens in 
bacterial arthritis. Impact of blood culture bottle 
utilization. Scand J Rheumatol. 26, 293-300. 
 

[30] Van Pelt RW, Langham RF, Sleight SD. 1966. 
Lesions of infectious arthritis in calves. J Am Vet 
Med Assoc. 149, 303-311. 



                               VOL. 10, NO. 6, JUNE 2015                                                                                                                     ISSN 1990-6145 

ARPN Journal of Agricultural and Biological Science 
©2006-2015 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                        211 

[31] Van Pelt RW. 1970. Infectious arthritis in cattle 
caused by Corynebacterium pyogenes. J Am Vet Med 
Assoc. 156, 457-465. 
 

[32] Firth EC, Kersjes AW, Dik KJ, Hagens FM. 1987. 
Haematogenous osteomyelitis in cattle. Vet Rec. 120, 
148-152. 
 

[33] Shirtliff ME, Mader JT. 2002. Acute septic arthritis. 
Clin Microbiol Rev. 15, 527-544. 
 

[34] Brooks GF, Butel JS, Carroll KC, Morse SA. 2007. 
Jawetz, Melnick and Adelbergs Medical 
Microbiology. 24th ed., the McGraw-Hill Companies, 
Inc. USA. 
 

[35] Bremell T, Abdelnour A, Tarkowski A. 
1992. Histopathological and serological progression 
of experimental Staphylococcus aureus arthritis. 
Infect Immun. 60, 2976-2985. 
 

[36] Tissi L, Marconi P, Mosci P, Merletti L, 
Cornacchione P, Rosati E, von Hunolstein C, Orefici 
G. 1990. Experimental model of type IV 
Streptococcus agalactiae (group B Streptococcus) 
infec tion in mice with early development of septic 
arthritis. Infect Immun. 58, 3093-3100. 
 

[37] Kuusela P. 1978. Fibronectin binds to Staphylococcus 
aureus. Nature. 276, 718-720, 1978. 
 

[38] Maxe I, RydCn C, Wadstrom T, Rubin K. 1986. 
Specific attachment of Staphylococcus aureus to 
immobilized fibronectin. Infect Immun. 54, 695-704. 
 

[39] Holderbaum D, Spech RA, Erhart LA. 1985. Specific 
binding of collagen to Staphylococcus aureus. Coll 
Relat Res. 5, 261  - 276. 

[40] Ljungh A, Hjertén S, Wadström T. 1985. High surface 
hydrophobicity of autoaggregating Staphylococcus 
aureus strains isolated from human infections studied 
with the salt aggregation test. Infect Immun. 47, 522-
526. 
 

[41] Rydén C, Yacoub AI, Maxe I, Heinegård D, Oldberg 
A, Franzén A, Ljungh A, Rubin K. 1989. Specific 
binding of bone sialoprotein to Staphylococcus aureus 
isolated from patients with osteomyelitis. Eur J 
Biochem. 184, 331-336. 
 

[42] Cunningham R, Cockayne A, Humphreys H. 1996. 
Clinical and molecular aspects of the pathogenesis of 
Staphylococcus aureus bone and joint infections. J 
Med Microbiol. 44, 157-164. 
 

[43] Bennett RH, Jasper DE. 1977. Immunosuppression of 
humoral and cell-mediated responses in calves 
associated with inoculation of Mycoplasma bovis. Am 
J Vet Res. 38,   1731-1738. 
 

[44] Haines DM, Martin KM, Clark EG, Kee Jim G, 
Janzen ED. 2001. The Immunohistochemical 
detection of Mycoplasma bovis and bovine viral 
diarrhea virus in tissues of feedlot cattle with chronic, 
unresponsive respiratory disease and/or arthritis. Can 
Vet J. 42, 857-860. 
 

[45] Poumarat F, Le Grand D, Philippe S, Calavas D, 
Schelcher F, Cabanié P, Tessier P, Navetat H. 2001. 
Efficacy of spectinomycin against Mycoplasma 
bovis induced pneumonia in conventionally reared 
calves. Vet Microbiol. 80, 23-35, DOI: 
10.1016/s0378-1135(00)00379-5 
 

[46] Shahriar FM, Clark EG, Janzen E, West K, Wobeser 
G. 2002. Coinfection with Bovine viral diarrhea 
virus and Mycoplasma bovis in feedlot cattle with 
chronic pneumonia. Can Vet J. 43, 863-868. 
 

[47] Dyer N, Hansen-Lardy L, Krogh D, Schaan L, 
Schamber E. 2008. An outbreak of chronic 
pneumonia and polyarthritis syndrome caused by 
Mycoplasma bovis in feedlot bison (Bison bison). J 
Vet Diagn Invest. 20, 369-371. 
 

[48] Hum S, Kessell A, Djordjevic S, Rheinberger R, 
Hornitzky M, Forbes W, Gonsalves J. 2000. Mastitis, 
polyarthritis and abortion caused by Mycoplasma 
species bovine group 7 in dairy cattle. Aust Vet J, 78, 
744-750. DOI: 10.1111/j.1751-0813.2000.tb10444.x. 
 

[49] Gagea MI, Bateman KG, Shanahan RA, van Dreumel 
T, McEwen BJ, Carman S, Archambault M, Caswell 
JL. 2006. Naturally occurring Mycoplasma bovis-
associated pneumonia and polyarthritis in feedlot beef 
calves. J Vet Diagn Invest. 18, 29-40, DOI: 
10.1177/104063870601800105 
 

[50] Shiel MJ, Coloe PJ, Worotniuk B, Burgess G W. 
1982. Polyarthritis in a calf associated with a group 7 
Mycoplasma infection. Aust Vet J. 59, 192-193. 
 

[51] Alexander PG, Slee KJ, McOrist S, Ireland L. Coloe 
PJ. 1985. Mastitis in cows and polyarthritis and 
pneumonia in calves caused by Mycoplasma species 
bovine group 7. Aust Vet J. 62, 135-136. 
 

[52] Henderson JP, Ball HJ. 1999. Polyarthritis due 
to Mycoplasma bovis infection in adult dairy cattle in 
Northern Ireland. Vet Rec. 145, 374-376. 
 

[53] Adegboye DS, Halbur PG, Nutsch RG, Kadlec RG, 
Rosenbusch RF. 1996.  Mycoplasma bovis-
associatated pneumonia and arthritis complicated with 
pyogranulomatous tenosynovitis in calves. JAVMA. 
209, 647 649. 
 

[54] Byrne WJ, McCormac R, Brice N, Egan J, Markey B, 
Ball HJ. 2001. Isolation of Mycoplasma bovis from 



                               VOL. 10, NO. 6, JUNE 2015                                                                                                                     ISSN 1990-6145 

ARPN Journal of Agricultural and Biological Science 
©2006-2015 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                        212 

bovine clinical samples in the Republic of Ireland. 
Vet Rec. 148, 331-333. 
 

[55] Trent AM, Plumb D. 1991. Treatment of infectious 
arthritis and osteomyelitis. Vet Clin North Am: Food 
Anim Pract. 7, 747-778. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


