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INTRODUCTION 

The mycoplasmas are bacteria-like organisms that differ fr om bacteria 

in several important respects: (1) They are smaller than mos t bac teri a , 

the smallest reproductive units being less than 150 mm. (2) They lack a 

rigid cell wall. (3) They fonn a characteristic dense centered colony on 

agar which has a "fried egg" appearance. They also differ from mos t bac-

teria in that they are inhibited by specific antibody whether or not c om-

plement is also present. Additionally, mos t species require a complex 

growth medium which has been supplemented with serum or serum components. 

Mycoplasma synoviae is a species of mycoplasma that is pathogenic for 

chickens and turkeys. At the time the present investigations were begun, 

commercial antigens were not available for this organism. 

A grant made by a commercial biologics producer to the Veterinary 

Medical Research Institute, Iowa State University, was largely responsible 

for the initiation of this project. The purpose of the project was to 

study some of the problems that the finn had encountered in the develop-

ment of a suitable serum plate agglutination (SPA) test antigen for use by 

laboratories involved with research into or eradication of Mycoplasma 

~noviae infection in poultry. 

The first objective was to determine whether media were available 

which would support sufficient growth of the organism t o make commercial 

antigen production feasible and, if no t, to determine what changes could 

be made to improve the antigen yield. A second objective was to determine 

the conditions necessary for specific and sensitive reactivity during a 
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reasonably long storage period. A third objective was to develop other 

serological tests which could be used for evalu ating the sensitivity of 

experimental SPA antigens and also as a verifying test for SPA tests run 

in the field. 
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LITERATURE REVIEW 

Edward (1947) described a medium of ox heart infusion broth with l 

percent peptone, 20 percent horse serum, 10 percent yeast extract, peni-

cillin and thallium acetate for growing bovine mycoplasmas. The same me-

dium was used by Markham and Wong (1952) and Van Roekel and Olesiuk (1952) 

to cultivate the agent of turkey sinusitis and chronic respiratory disease 

of chickens, Mycoplasma gallisepticum. 

Edward and Fitzgerald (1951) found that cholesterol, in combioation 

with starch, bovine albumin and acetone-insoluble lipid of egg yolk, would 

enhance the growth of mycoplasmas. They postulated that cholesterol might 

act by neutralizing the toxic effects of fatty acids. 

Grumbles et al. (1953) used Difeo phenol red broth base supplemented 

with l to l.5 percent Difeo PPLO serum fraction and l percent maltose. 

Adler !E_ al. (1954) found that the best medium for the isolation of myco-

plasmaa from CRD in chickens was broth containing medium supplemented with 

10, 20 or 30 percent horse serum or Difeo PPLO serum fraction. This was 

used as a broth overlay for blood agar slants. Fabricant (1958) compared 

these two media with yolk sac growth of two types of mycoplasmas and found 

need for improvement. 

Hofstad and Doerr (1956) developed a new medium for the growth of M. 

gallinarum - a chicken meat infusion broth enriched with avian sera. 

Adler and Yamamoto (1956) found that, of media enriched with yeast 

hydrolysate, yeast autolysate or yeast extract, medium with the autolysate 

was the best for growing Mycoplasma gallisepticum antigen. 
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Swine serum w~s used by Fabri cant (1959) instead of horse seru~ with 

improved g r owth o f avian mycopla smu s . Ca r bon di oxide also seemed t o im-

prove g r owth a nd yea Ft hydro lysa te improved the g r owth of some s tra in s , 

but no t o thers . 

Studying avian mycoplasmas , Adler and Ber c (1960) f ound no one mediu~ 

was satisf acto ry for growing the four strains under study. They c ompared 

Hofstad ' s medium, trypticasc soy broth, trypto se phosphate b r o th and Difeo 

PPLO broth with such nutrients as chicken hemogl obin, ho rse hemogl ob i n , 

chicken and horse sera, yolk, serum fracti. ons and yeast hydrolysate . 

None of the media which had been developed would successfull y support 

the growth of ~ synoviae . However, Lecce (1960) was able t o grow the or-

ganism on heart infusion agar with the a id of a micrococcus nurse colony. 

Then Chalquest and Fabricanl (1960) described a medium that would suppor t 

the growth of the organi sm without the nurse c0lony. It co nsi sted of 

Difeo PPLO broth with 0.1 percent diphosphopyridine nucleot ide (DPN ) anti 

0 . 1 percent cysteine , 10 percent heat inactivated swi~e serum plus t ha lli-

um acetate and pen icillin . Cha lquest (1962) determined the optimuM c on -

centration of DPN and cysteine bu t was unable to find a substitute f o r 

DPN . Cysteine hydrochloride would substitute for cysteine but s od ium 

thioglycolate and glut a thione woul d n0t. 

A modificati on o f Chalquest's med i um "'as u s ed by OlsN1 ~ ~ ( 1963) 

t o gro\.I antigen of~ synovi ae. The wcdi um was Dife o PPLO broth, swi ne 

serum, DPN, cysteinc, penicillin, thallium a cC'L~lc and phenol red. They 

used this broth t o over l ay slants o f the same medi um suppl Pmen led with 

trypticase and soluble starch. 
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Fabricant ~al. (1962) found that excess moisture and variou s atmo-

spheric c ondition s of reduced oxygen tensi on aided the growth of myco-

plasmas on agar . In another study by Fabricant et al. (1964), it was 

detennined that rabbit, horse, turkey a nd swine se rum supported optimum 

gr owt h, whereas human serum was less sati sfac tory. PPLO serum fracti on o r 

bovi ne serum we r e poor and dog ser um failed to support g rowth . The v also 

analyzed some of the components of medium necessary f or the g rowth of~ 

gallisepti cum. 

Tauraso (1967) found that the additi on of DEAE dextran ( 10 mg/100 ml) 

to agar medium enhanced the growth of ~ gallisepticum and ~ pu lmonis 

strains. He felt t he effect was probably due to the ability of the dex -

t r an to bi nd su lfated polysaccharides in agar. 

F r ey ~al . (1968) prepared five simila r experimental med ia and com-

pa r ed them to thre e c ommercial and two fresh meat medium bases. The pr i -

ma r y objective was t o find a medium for the isolation and propagation of 

~ meleagridis as wel l as ~ gal lisepS icum and ~ synoviae . The experi -

mental media fulfilled the primary objective and also were fo und to be 

suitable fo r propagation of all other avian st r ains. A commercial dehy -

drated medium base was made available as a result of this r esearch . 

Much work has been done on developing a good serolog ical test f or the 

de tect i on of myco plasma infecti ons in several species. In a vian sero l ogy , 

se r um plate agg lutination (SPA), tube agglutination (TA) and hemagg lutina -

tion- inhi bit i on (HI) t ests are often used . However, other tests also have 

been used. 
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Dome<muth and Johnson (1956) developed a freeze agglut ination tech-

nique for detecting~ gallisepticum antibodies in chickens, a nd it gave 

good results when compared to HI and TA tests. Aftosmis et al. (1960) 

used a whole blood agglutination test to detect~ gallisepticum anti-

bodies . The technique of gr owth inhibition by specific antisera has been 

used primarily to classify avian mycopla smas , but it also has been used to 

identify new isolates . Fabricant (1960) u sed this techni que for a pre lim-

inar y classification. Chalquest and Halfhill (1962) worked with M. 

synoviae antigen and antisera using this procedure. S t a nbridge and 

Hayflick (1967) used anti se rum impregna ted discs in growth inhibi t ion 

tests for the identification o f mycoplasma species . 

Adler and DaMassa (1964) and Adler~ al. (1964) developed an anti-

globulin technique for the detection of mycoplasma antibodies in avian 

sera. In comparison to SPA and TA tests, the titers with the antig lobu lin 

procedure were markedly higher and the test was more sensitive with no 

false negatives. Tests were done with~ gallisepticum, !::!..:.. synoviae and 

~ meleagridis with little cross reaction , and freezing and thawing did 

not alter the endpoints. 

Fahey and Crawley (1954) and Fahey (1954) made early r eports on the 

use of the HI test for~ gallisepticum in chickens and turkeys . In 

chicken s , it was found that titers appertred around 2 to ) weeks post in-

fecti on and peaked at 6 to 8 weeks . With the turkeys , many sera were 

tested and the result s were reproducible. Later Crawley and Fahey (1957) 

suggested using HI tests for control and eradication of myco plasma infec-

tion s in poultry. In other test s with!::!..:.. gallisepticum in chickens , 
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Cr awle y (1959) found Hi titers starting from 9 t o 29 days pos t inf ection 

and detected antibody l evels for at least one year. However , Roberts 

(1964) found tha t in turkeys 44 percent st ill had lesion s , but 23 per cent 

had lost hemagg lutinat i on-inhibi t i on titer 9 to 10 weeks a fter infection 

with~ gal lisepticum. These birds were a lso refractory to reinfection. 

Newnham (1964) expe rimentally infected chickens a nd f ound HI results cor -

related with clinical signs. Titers were low until about 3 weeks post in-

fection and titers persisted 19 to 34 weeks longer. Baharse fat and Adl er 

(1965a) used a killed antigen in this test, but they f ound antigens killed 

with forma lin or merthio late did not give as good titers as those in glyc-

erol. Neimark (1968) developed an indirect hemagg lutinat i on us ing gluter-

aldehyde fixed cells which were s t able f or six months. Manchee and 

Taylor-Robinson (1968) investigated hemagglu tination and hema dsorp tion by 

mycoplasmas and found strain varia t i on s and little corre l a tion between the 

two tests, They had best results with HI tests performed in microtiter 

plates. Working with M. synoviae antigen, Vardaman and Yoder (1969) ob-

tained very good results using an HI test. They found the test to be 

nearly specific and no t plagued with the cross reactions between M. 

gallisepticum and M. synoviae that are often seen with the serum plate 

agglutination. 

The serum plate agg lutinati on ha s been a popul ar test although sever-

al problems have been encountered. In a preliminary r eport , Adler (1954) 

successfully detected antibodies in sera of turkeys and chi ckens infected 

with~ gallisepticum. At 9 days, 6 of 19 birds were positi ve and all 

were positive at 13 days. Later Adler (1958) found that TA tes ts were 
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more sensitive than the SPA test in detecting antibodies in turkeys that 

had been infected with~ gallisepticum for almost one year . Hammar 

~al. (1958) had problems with false negative tests and found that sera 

which had been refrigerated or frozen and thawed contained interfering 

precipitates that had to be removed by centrifugation . Boyer~ al. 

(1960) also encountered troublesome nonspecific agglutinations using myco-

plasma antigens and turkey sera with antibodies to either mycoplasmas or 

erysipelas bacterin. Barber (1962) evaluated antigens for the detection 

of mycoplasma agglutinins in turkey sera and found great variability among 

these antigens. Olson et al. (1965), using the SPA and antiglobulin 

tests , reported cross reaction between t!...:_ synoviae and t!...:_ gallisepticum. 

Olson et al . (1964) found the route of infection influenced the de-

velopment of agglutinins to M. synovi ae and infectious bronchitis . Foo t-

pad inoculation gave good results, but infection by the intranasal route 

resulted in only low titers at 5 weeks post inocu l ation. Sadler and 

Corstvet (1965) observed similar results with~ synoviae in chickens. 

Adler and Sad l er (1965) used the SPA test in their studies on the response 

of turkeys to ~ gallisepticum infection. They found younger birds were 

more susceptible and had greater SPA response. Antibodies detected were 

a t all stages of experimental infection and in contact controls . In an-

other experiment , Olson et al. (1968) found that many, if not all r eactors 

to M. synoviae , were negative on retesting. Nagy (1968) reported good re-

su lts with M. gallisepticum antigen except for doubtful positives. He 

also reported that good results were obtained with antigen containing up 

to but not i n excess of 5 percent sodium chloride . Adler and DaMassa 
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(1968) found SPA antigen s for~ ga llisepticum grown in medium with dex-

trose to be less sensitive than those gr own in me dium without dextrose , 

a lthough the dextrose defini tely increased the yield. However, no buffer-

ing system was u sed in the medium and they felt that the dro p in pH may 

have been re sponsible for dec r eased sensitivity. They al so found that in-

creasi ng the concent r a tion of the antigen or resuspendi ng it in buffered 

saline did not improve the sensitivity of the an tigen . 

Hromatka and Adler (1969) f ound pH, physical factors a nd preserva -

tives had varying effects on the sensitivity of ~ gallisepticum serum 

plate agglutination antigens. Of three buffers used, Sorenson sali ne 

buffe r, citrate-phosphate buffer and t r is buffer, the citra t e -phosphate 

gave the best sensitivity. Optimum pH and molarity, related to sodium 

ch loride, varied with the buffer used. Formalin and phenol were not sat-

isfactory because they reduced sensitivity. 

Lawson and Hertler (1969) gave a good report on their re su lts using 

M. gallisepticum plate an tigen. Us ing standardized antigens , they ob -

tained a 90 to 100 percent agreement between SPA tests and HI te sts on 

positive and negative sera. Although the SPA test lagged behind the HI 

test during the first 2 weeks post infection, the test was c ompletely 

positive by the seven t h week and the two tests gave the same results be-

tween the eighth and thirty-fifth weeks. 

Many workers have compared the serum plate agglutination, the hemag -

glu tination-inhibition and the tube agglutination tests for their ab i lity 

to detect various mycoplasma infec tions. Also these three te s ts a re often 

used t o characterize the irrunune response to mycoplasma infections. 
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Hofstad (1957) conduc t ed a serologica l study of infecti ou s sinu s i t i s 

in turkeys and experienced poor r e su l t s with t he SPA. However, the HI and 

TA tests were more su ccessful. He found the TA test c orresponded t o t he 

clinical signs but the HI test did not decline as rapidly . Hall (1 962) 

worked with production of antigens of M. ga lli septicum for the HI , TA and 

SPA t ests . Baharsefat and Adler (1 965h) compared the TA , HI and anti glob -

u l in tit e r & of chickens a nd turkeys infected with M. ga llisepticum . There 

was c l os e agreement between the TA te s t and HI test, although the TA wa s 

pos i t ive before the HI. However, th~y were able t o detect antibodies 

ea r l ier wit h the anti g l ohulin techn i que and with greate r sensitivity than 

witt the other two t ests . Adler and OaMassa (1965) compared six stra ins 

of~ gall isepticum u s ing SPA, TA a nd antiglobulin aggl utinat i on. The 

antigenicity of the six va ried most in the SPA te s t and lea st in the anti-

g l obulin te s t . Vari a tion was no t due t o media or enr ichments . In t he ir 

serolog ic a l studie s of ~ synoviae, Rober ts and Olesiuk (1967) f ound pos i -

t ive serum plate agglutinati on s before posi tive tube agglutination. There 

was, however , a cross reac tion between~ synoviae ant ise rum and M. 

gallisepticum antigen with SPA tha t did no t occur in t he HI and TA tests . 

There wer~ also n o c r oss re ac ti ons in capillary t ub e agg lutinati ons and 

ge l double dif f u sion . The cross r eact i ons in the SPA t es t were attri bu t ed 

to a rheuma t oid f ac t o r i n the serum . Mohamed and Boh l (1968) conducted 

sero logica l studie s on M. me leagridi s and found the TA test to be more 

sensitive than the SPA test at low titer s , but there was 100 percen t c or -

r e l ation between the two i n higher titers . Route of inoculation also 

affected the re sults on experimenta lly infec ted turkeys. Thorn t on (1 969) 
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found that the SPA test wa s pos itive before the HI test in studies with M. 

gallisepticum. He also found freezing and thawing of serum caused f alse 

positives and increased titers. However, this could be avoided by heating 

the sera to 56°C for 30 minutes before or after freezing and by using 

fresh serum or storing it at 4°c. He also found that by using 8 instead 

of 4 HA units nonspecific hemagglutination could be avoided. The effects 

of freezing and thawing were also noted by Cover~ al . (1960). In addi-

tion, they reported that heating sera to 56°C for 10 minutes destroyed 

tube agglutination activity. 
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METHO DS AN D MAT ERIALS 

Media Studie s 

Basal media 

The formula for basal medium A was as follows: 

P ept one "CS" 1 10.0 gm 

Yeast autolysate1 5.0 gm 

NaCl 5.0 gm 

KCl 0.1• gm 

MgS04 0.2 gm 

N azHP04 . 7 H20 1.6 gm 

NaH2P04 • H20 0 .1 gm 

Dextrose 5 .0 gm 

Phenol red 0.02 gm 

Penicillin 500,000 units 

Thallium acetate 0.02 gm 

Triple distilled H20 1000.0 ml 

Basal medium B was identical in formula to A, but a commercially pre-

pared basel consisting of the peptone, yeast autolysate and inorganic 

salts was used in place of the individual components. 

The media were made double strength and the pH was adjusted to 8.0 

with 10 percent sodium hydroxide. It was sterilized by filtration through 

Honnann D-5 and D-8 Seitz-type filter pads in a Hormann model 7B double 

lpfizer Diagnostics (Albimi Labo ratories), Flushing, New York. 
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pass f ilter . 1 Fir st , l liter of tr iple distilled water per pad was fil -

tered in or der to rid the pads of c on tami na ting i ons . Before use, the 

stock medium wa s diluted l/l with sterile triple distilled wate r and was 

supplemented with 15 pe rcent serum, 0 . 01 percent diphosphopyrid ine nucleo -

tide (DPN) and 0.01 percent cysteine hydrochloride. 

The addit ions t o and/or changes made in the basal medium f onnula a re 

summa r ized in Table l. Each test medium was g iven a different number. 

Serum suppl ements 

Swi ne serum used in the media e xperiments wa s obtained from the nor-

mal herd at the Veterinary Medical Research In s titute (VMRI) or from sur -

plus stocks obtained from the Iowa State Universi ty Ant i genic Laborat or y . 

Pooled rabbit serum (type II ) of slaughte r house or i gin was obta ined c om-

mercially.2 Turkey serum was obtained from the VMRI mycoplasma -free tur-

key flock. 

Some serum lots we re acid trea ted by add ing sufficient l N hydro -

chloric acid to lower the pH to 4 . 2. The pH was held at that point for 2 

to 18 hours, at which time lN sodium hydroxide was added t o restore the pH 

to the ori gi nal value. The precipitate that formed was removed by centri-

fuga ti on at 2600 X g for 15 minutes. To f ur ther cl ar i fy the serum, it was 

filtered through several thicknesses of gauze and then a Millipore prefil -

3 ter fitted in a Buchner f unnel. In f ur the r preparation for 

1F. R. Hormann and Company, Inc ., Milldale, Connecti cut . 

2Pel -Freeze Biologics , Rogers, Arkansas . 

Jr.1illipore Corpora tion, Bedford, Massachusetts. 



Tab le 1. 

Medium No. 

M30 
M31 
M32 

M36 

M37 

M38 
M39 
M40 
M41 

M42 

M43 
M44 
M45 

M46 
M47 
M48 
M49 
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Additives and/or treatments of media in tests to improve the 
growth of M. synoviaea 

Additives and/or treatments 

Unheated medium 
Heated medium 
Normal control medium 

Tween 80b: 0.015 ml/100 ml 
Charcoal: 10 gm/300 ml 
Tween 80 and charcoal as above 

Basa l medium A substituting 0.815 gm/l NaHzP04 and 0.050 
gm/l KHzP04 for buffer 
Basal medium A substituting 1.1 gm/l of trisd for buffer 

Turkey serum: Heat inactivated for 30 min. at 56°C 
Turkey serum: Heat inactivated for 15 min. at 60°c 
Turkey serum: Heat inactivated for 30 min. at 60°C 
Turkey serum: Not heat inactivated 

Rabbit serum: Heat inactivated for 30 min. at 56°c + DPN 
and cysteine-HCl at 0.01%, 0.002%, 0.001%, 0.0005%. These 
percents were used through M49. 
Rabbit serum: Heat inactivated for 15 min . &t 60°C 
Rabbit serum: Heat inactivated for 30 min. at 60°C 
Rabbit serum: Not heat inactivated 

Swine serum: Heat inactivated for 30 min. at 56°c 
Swine serum: Heat inactivated for 15 min. at 6o0 c 
Swine serum: Heat inactivated for 30 min. at 60°C 
Swine serum: Not heat inactivated 

aBasal medium B supplemented with swine serum a nd 0.01% DPN an<l 
cystcine-HCl was u sed unless otherwi$e specified . 

boifco Laboratories, Inc., Detroit, Michigan. 

CpH readjusted and phenol red added again because removed by char-
coal . 

dTrishydroxymethylaminomethane (TRIS) , General Biochemicals, Chagrin 
Falls, Ohio. 
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Table l ( Con tinued) 

Medium No . 

M50 
M51 
M52 
M5 3 
M54 
M55 
M56 
M57 
M58 

M59 -M67 

M68 
M69 
M70 
M71 

M72 
M73 

M7 4 
M7 5 
M76 

M77 
M78 

M7 9 

M80 
M81 

Additives and/or treatment s 

0 . ()() 57. chole s terol + 0 . 0257. Tween 80 
o. 0057. cho lesterol + 0 . 005'7. Tween 80 
0 . 005i. cholesterol + 0. 0017. Tween 80 
0.001% cholesterol + 0 . 0257. Tween 80 
0 . 001·1. cho l esterol + 0 . 0057. Tween 80 
0 . 001% chole s terol + 0 . OOli. Tween 80 
0.0002% cholesterol + 0.0257. Tween 80 
0 . 0002% cholesterol + 0.0057. Tween 80 
o.ooon cholesterol + 0 . 0017. Tween 80 

Same as M50 through M58 on ly u sed r abbit serum 

Fil tered basal medium A + rabbit serum 
Autoclaved basa l medium A + r abbit serum 
Autoclaved basa l medium B + r abbit serum 
Filtered basal medium B + r abbit serum 

Swine serum: acid treated 
Swine serum: untreated 

0 . 057. !l-1soe 
0 . 17. I:MSO 
0 . 25% DMSO 

Basal medium A without dext r ose a nd phenol r ed 
Basal medium A with dextrose a nd phenol red 

Basal medium A substituting 0.35 gm/l trisf base and 
0 . 35 gm/1 tri s Helf for buffer 
Ba sa l medium A + acid t r eated swine serum 
Basal medium A + 1 ml of MEN vitaminsg/50 ml med i a 

eDimethyl su lfoxidc , Sigma Chemi ca l Compa ny , St. Louis , Mi ssouri . 

fTris(hydroxymethyl}aminomet hanc base and Tris(hydroxymethyl}amino -
methane HCl , Sigma Chemi cal Company, St. Louis, Mi s souri . 

gEagle ' s Minimum Essential Vit amins , lOOX, Gr and Island Bi ologica l 
Company , Grand Island, New York. 
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Table 1 (Continued) 

Medium No. 

M82 
M83 

M84 

M85 

Additives and/or treatments 

Basal medium A substituting HEPESh for buffer 
Basal medium A substituting TESi for buffer 

Basal medium A substituting 0.5 gm pep tone "CS"/100 ml 
and 0.5 gm peptone BJ for 1 gm peptone "CS" 
Basal medium A substituting 1/2 the amount of yeast 
autolysate 

hN-2-hydroxyethyl piperazine-N-2-ethane sulfonic acid, Nutritional 
Biochemicals Corp., Cleveland, Ohio . 

iN-tris(hydroxymethyl) methyl-2-aminoethane sulfonic acid, Nutritional 
Biochemicals, Corp., Cleveland, Ohio . 

jPfizer Diagnostics (Albimi Laboratories), Flushing, New York. 

sterilization, the serum was filtered through severa 1 prerinsed Hormann 

Seitz-type clarifying filters. The serum was filter sterilized using t he 

same procedure as for the medium. 

Culture methods 

Various amounts of inocula were used throughout the experiments, al-

though generally, an amount from a rapidly growing culture was u sed to 

give a final concentration of 1 percent. In experiments in which several 

media were being compared , the inoculati ons were made from pooled aliquots 

of the previ ou s passage in each medium. 

For anLigcn production, sta t1onary fl as ks of inocula ted medium con-

taining 500 ml t o 2000 ml were incubated at 37°c for various peri ods of 

time. When medium containing dextrose was u sed, an attempt was made to 
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harvest the antigen before the pH of the medium went below 7.0. This u su-

ally did not exceed an incubation peri od of 36 hou r s. However, when med i-

um without dextrose was used, the incuba tion period was extended t o 72 t o 

84 hours. 

Measur ement o f _growth 

Change of pH was used as the criterion for measuring gr owth r ate in 

ea rly studies with media containing dextrose and phenol red . The culture 

tubes were observed at regular interva ls beginning at about 18 hours incu -

bati on. In sofa r as possible, the order of change f r om red to or ang e and 

from o r a nge t o yellow was recorded for all medi a . The resul ts were re -

corded as color cha nge s from eight to one - most gr owth t o least growth . 

Nephelometric determinations were made of the growth in most of the 

medium ex pe riments. These were made by comparing medi um from inoculated 

tubes with uninocu lated medium incubated f or the same period of time. 

Measurements were recorded in Beckman nephelos units . 

Light refrac tion due t o emulsified cholesterol dec r eased as growth 

progressed with media 59 through 67. Th i s presumably was due t o f r ee cho-

lest e r o l being incorporated i n t o the ce l l membranes. However, the light 

refract i on did not de cr e a se in the un i noculated blanks , and this led t o 

erroneou s ly low nephelome t ric r eadings . The error wa s overcome by using 

a buffered saline blank instead of un inoculated medium fo r compa risons. 

Therefore, the or gan isms in each medium had t o be centrifuged at 8500 X g 

for 15 minut es and r esu spended in buffered sa line . 

In one experiment, gr owth curves were u sed t o de te rmine the ra t e of 

growth in med ium with and without de xtrose. A 1 percent inoculum was u sed 
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and 0 . 01 ml aliquots of 10-1 through io-5 diluti ons of each culture were 

plated onto agar at 8 hour intervals. 

Antigen Studies 

Harvest and standardiza tion of antigen 

Befor e harvesting the antigen, the broth growth was hea t inactivated 

at 56°C for 30 minutes . The antigen was ha rvested by centrifuga tion of 

the culture medium at 2600 X g for 20 to 30 minutes. The pellet wa s 

drained well or re suspended in buffered saline and centrifuged again. 

Final re su s pension was made in one of the following buffers: 

1 . Tris buffered saline 

Tris(hydroxymethyl)aminomethane base1 ' 2 

Tris(hydroxymethyl)aminomethane HC1 2 

NaC l 

Na2HP04 

Dextrose 

KC l 

0.8 gm 

6 .86 gm 

7.93 gm 

0.1 gm 

1.0 gm 

0.97 gm 

Triple distilled H2o 1000.0 ml 

pH 7. 2 - 7.4 (adju sted with HCl when tr is base was used alone) 

1General Biochemical Company, Chagrin Falls, Ohio . 

2sigma Chemical Company , St. Louis, Missouri. 



19 

2. Pho spha t e bu ffe r 

H 
6.5 7. 0 7. 2 

a . 68.0 ml 37.0 ml 27.0 ml 

b. 32.0 ml 63.0 ml 73 . 0 ml 

a. KH 2P04 - 0.9078 gm/1 

b. Na 2HPo4 . 2 H20 - 0.178 gm/l 

3. Pheno lized Cox buffer 

NaH2P04 • H20 4.6 gm 

Na2HPo4 . 7 H20 17. 3 gm 

Phenol 2.5 gm 

Triple distilled H2o 1000. 0 ml 

pH 7.0 

The first antigens were standardized t o read 50 on the Klett-

Summerson pho toelectric colorimeter with a No. 54 filter. In some ca se s , 

antigens were standardized by packed cell volume (PCV) determinations made 

using a sta ndard Hopkin's tube. The density was adjus ted so that t he PCV 

was 0 . 05 ml when 5.0 ml of the antigen was centrifuged in a Hopkin's tube 

in an International No. I centrifuge at 1000 X g for l 1/2 hours. A list-

ing of the antigens and their various treatments is given in Table 2. 

Each of these antigens wa s tested at various time intervals f or ag -

glutination of a known positive serum and a known negative serum, precipi-

tate formation and general appearance, i.e. granularity, contaminati on, 

etc. 
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Table 2. Additives and/or treatments of tL:._ synoviae serum plate aggluti-
nation antigens in shelf life and sensitivity testsa 

Diluent pH Additives and / or treatments 

Tris buffered saline 6.5 0.1% phenol 
Tri s buffered saline 7.2 0.1% phenol 

Tris buffered saline 7.0 Merthiolate, tightly capped 
Tris buffered saUne 7 .0 Merthiolate, no cap 
Tris buffered saline 7 .0 Merthiolate, glutathione, tightly capped 
Tris buffered saline 7 .0 Merthio late, glutathi one, no c ap 
Phosphate buffered saline 7 .o Merthiolate, tightly capped 
Phosphate buffered saline 7 .o Merthiolate, no cap 
Phosphate buffered saline 7 .0 Merthiolate, glutathione, capped 
Phosphate buffered saline 7 .o Glutathione, no cap 

Tris buffered saline 7 .o Merthiolate 
Phosphate buffered saline 7.0 Merthiolate 

Tris buffered saline 7 .o 0.25% phenol 
Phosphate buffered saline 7.0 0.25% pheno 1 
Pho sphate buffered saline 7 .o 0. 257. phenol, l i. rose bengal dye 
Tris buffered saline 7.0 o. 25% phenol, l i. ·rose bengal dye 

Phenolized Cox buffer 7.0 No NaCl 
Phosphate buffer 6.2 No NaCl 
Phos phate buffer 7.0 No NaCl 

aAnLigens in first 4 groups were standardized with Klett - Summerson 
photoelec tric colorimeter. Antigens in the last group were st andardized 
in Hopkin's tube. 

Physico-chemical variab les 

A study was made of the effect of several variables on antigen sensi-

tivity and shelf life. These included buffers, pH, redox potentials, 

aging and concentration. The various buffers or treatments used are 

listed in Table 2. 
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Stra in of Mycoplasma synoviae 

The WVU 1853 strain of M. synoviac was used throughout the cours e of 

the study. It was originally isolated by Dr . N. 0 . Olson, West Virginia 

University, Morgantown, West Virginia. The immedi a te source of the stra in 

was Dr. E. L. McCune, University of Mi~souri, Columbia, Missouri. 

Serological Studies 

Experimental infections 

For the serological studies, three infecti on experiments were con-

ducted. All birds for these experiments were obtained from the VMRI myco -

plasma-free flocks at Iowa State University. 

Experiment l Twelve roosters were bled and then half of the birds 

were injected in the footpad with O.l ml of lo-2 dilution of !':!....:. synoviae 

in yolk sac suspension, while the others were inoculated with 0.2 ml. All 

birds were bled at 5, 8, 12 and 22 days post inoculati on. 

Experiment 2 See Table 3 for inoculation schedule of adult c hick-

ens. These birds were bled before inoculation and then bled at 7, 14 and 

21 days post inoculation. 

Experiment 3 Fifteen 3 1/2 week old turkeys were b led and then 

injected in the footpad with 0.1 ml of lo-2 dilution of ~ synovi a e in 

yolk sac suspension. Each turkey was bled at 7, 14, 21 and 28 days post 

inoculati on. 

The sera from the above experiments were tested for antib odies by the 

serum plate agglutination, tube agglutination and hemagglutinat i on-inhibi -

ti on tests. The procedures for each of these tests were adapted from two 

U. S . Department of Agriculture pamphlets (~ 1960a,b). 
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Table 3. Route of inoculation and dose of M. synovia e f or chicken s in 
experiment 2 

Chicken No. Route of inoculati on and do se of infection 

3991 0.1 ml of 10-2 di lu ti on of yolk sac su spensiona, f oo tpad 

3992 0 .1 ml of lo-2 dilution of yolk sac su spens ion, fo otpad 

3993 0.1 ml of 10-l dilution of yolk sa c suspension, foo tpad 

3994 0 .1 ml of 10-1 diluti on of yolk sa c su spens ion, f ootpad 

3995 0 .1 ml of 1/5 dilution of yolk sac suspension, f oo tpad 

4197 0.2 ml of 10-2 dilution of yolk sac suspension, i. v. 

3997 0.2 ml of lo-2 dilution of yo lk sa c suspension, 1.v. 

3998 0.2 ml of 10- 2 dilution of yolk sac suspension, f ootpa d 
and i.v. 

3999 0.2 ml of 
.... 10-L dilution of yolk s a c suspensi on, footpad 

and 1.v. 

alOio suspension of M. synoviae in tris buffered saline . 

Hemogglutina tion and hemagglutination-inhibiti on pr ocedures 

Growth from 500 ml of bro th was ha rves ted by centrifuga tion for 20 

minutes at 2600 X g in a PR-1 Internati ona l centrifuge. The antigen was 

washed in phosphate buffered s a line and recentrifuged. The antigen wa s 

then resuspended in 10 ml of phosphate buffered saline and 10 ml of glyc-

erol was added. The antigen was stored at -70°c in a Revco freezer. 
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The buf fer used in the tests wa s made as follows : 

NaOH 

NaCl 

KH2P04 

Triple distilled H20 

pH 7 .1 - 7. 2 

0 . 075 gm 

4.75 gm 

0 . 34 gm 

500.0 ml 

Before u s ing the buffer l percent r abb i t se r um was added. 

Chicken or t urkey red b l ood cel ls were collected in an equa l volume 

of Alsever's solution and washed three times in buff e red saline before 

use. The final concentrat i on used in the tests w&s 0.25 percent. 

All HA and HI tests were done in micro ti ter plate s . For the HA test, 

two dilutions of antigens were made - 1/10 and 1/15. In 0 . 05 ml volumes , 

doubling dilutions of antigen, 1/20 through 1/640 and 1/30 through 1/960, 

were made in duplicate . The plate s wer~ incubated fo r 60 to 75 minut e s at 

4°C after 0.05 ml of the 0.25 percent red blood cell suspension had been 

added. From these titrations, 8 HA unit s and 4 HA unit s we r e determined. 

For the HI tests, doubl ing dilutions of se rum, 1/2 t hr ough l/4 0 96 or 

1/5 through 1/ 10,240 , were made in 0.05 ml volumes contai ning 4 HA units 

of antigen. To eac h well, 0.05 ml of the 0 .25 percent red bl ood cell su s -

pensi on was added and the te s t s were incubated as befo r e . Antigen, cell 

and antiserum contro ls were included in each ser ies of tests. Also, the 

HA titer was determined with each new batch of red blood cells. 

Tube agglutina t i on pro cedu re s 

The antigen was ha rves t ed as above except the final resuspensi on was 

mad~ in 20 ml of phen o lized Cox buife r. The su spensi on of antigen was 
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gruund in a TenBroc c k tissue grinder. The concentrati on of ant i gen was 

adjusted so t hat a 1 /20 dilution of the an tigen read 50 on a Klett-

Summerson photoelectric co l orimeter with a No . 54 fil t er. Thi s concen-

trated antigen was stored at 4°c. It was not necessary to age this anti-

gen befor e it was used. 

Preliminary tube agglutinations were conduc t ed on each serum samp le . 

One ml of the diluted antigen was added t o 0.08 ml, 0 . 04 ml and 0 . 02 ml of 

serum, g i ving a 1/12.5, 1/25 and 1/50 di lution, respectivel y. The tests 

were incubated at 37°C for 15 to 18 hours . If the serum s ample was posi -

tive t hrough a 1/50 diluti on, another titration was m~de using doubling 

dil utions of 1/5 through 1/320 in 0.5 ml vo lume to which 0 .) ml 0 ( diluted 

an t igen wa s added. Thus, the f inal dilutions were 1/10 through 1/ 040 . 

These tests were i ncubated as above . 

Serum plat e agglutination procedures 

Antigen preparati ons were previ ou sly described . To 0 . 02 ml of each 

serum on a g l ass plate, 0.03 ml of ant i gen was added . The two were mixed 

with a wooden applicator st i ck. Then the plate was r otated occasi ona lly 

during 2 to ) minu tes after wh ich time ob servations f o r agglu ti nat i on were 

made . Often with turkey serum, the leng th of time had to be ext ended to 5 

minu tes. The sera and antigens were at r oom temperature and the g lass 

plate was slightly warmer. 
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RESU LTS 

Media Studies 

The media i n ea r lier exper iments were evaluated on the basis of r a -

piJity of color change due to fennent3tion of dex trose and the simulta-

neou s pH c hange . 

In twenty sepa r ate trials , unheJted medium (M30) and medium that had 

been au toclaved a t 121° c for 15 minules (M31) were compared . Little dif -

f erence was observed in time r equired for pH changes; however , M3 0 ap -

pea r ed to be s li gh t l y better than M31 . 

The growth of ~ synoviae was comp.1red in eleven trials u s ing c onlrol 

medium (M32) , medium conta i ning Tween 80 a l one (M33) , medium containi~g 

char coal alone (M34) , a nd medium contain ing Tween 80 and char coal (M35) . 

In eve r y tr ia l, M34 and M35 suppor ted g r owt h t hat was sl i ght l y mor e r apid 

tha n that in M32 , while gr owth in M33 was consistently s l ower t han in the 

control medium. 

In se ven t ri als , basal medi um A with phosphate buffer s (M36) showed 

de f ini tely f aste r co l or c ha nge than basa l medium A wi t h t r i s buffe r (M37) . 

No comparison s could be made using media conta i ning tu r key serum (M38 

through M41) becau s e !!..:._ synoviae failed to g r ow even afte r lengthy at -

t emp ts to adapt it to t hi s se rum . 

The r esul ts obtai ned wi~h media supplemen ted wi th rahh i t serum (M4 2 

t hrough M45) and wi t h swine serum (M46 th r ough M49) , which had different 

serum heat inac t i va ti on t r eatments and va riou s dilut ions of DPN , are shown 

in Table 4. Compari sons among t he med i :i we r e made on the basis of color 
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Table 4 . Comparison by color change and nephelometry of M. synovi a e 
gr owth in medium 42 through 49 

Serum DPN 
Medium No . Treatment 0 . Oli. o.oon 0 . 0017. 0 . 0005~~ 

M4 2 30 min. at S6°c Sa 8 8 8 
M43 15 min. at 60°c 7 5 6 6 
M4l1 30 mi n . at 60°c 6 7 5 4 
M45 No t hedt inactivated 6 4 4 4 

M46 30 min . at S6° c 8 8 6 6 
M47 15 min. at 60°C 8 7 7 5 
M48 30 min. at 60°c 8 7 6 6 
M49 Not heat inactivated 7 6 8 7 

---------------------------- ------------------ ------------ --- -------------
M4 6 30 min. a t S6°c 64b 57 so 42 
M47 15 min. at 60°c 45 40 36 30 
M48 30 min. at 60°c 48 44 39 32 
M49 Not heat inactivat ed 33 35 34 28 

aArbitrary units: 8 =most r a pid gr owth; 1 least r apid g r ow th. 

bBeckman nephelos uni ts . 

changes which were r ated eight through one, mos t rapid or complete color 

change t o the lea st color change . The re sults shown in the table are r ep -

resen tative of many determinations . Nephclome t ric determinati ons were 

made on both groups of media; however, only the resul t s of M46 throug h M49 

are shown. The results obtained with M4 2 through M45 are not shown as the 

incomp l ete color change in some tubes led t o inaccurate readings . From 

these re s ult s , it wa s concluded that less than 0 . 01% DPN would support 

optimum gr owth in either r abbit or swine serum. 
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Many trials were made u sing media s upplemen ted ~ith swine serum and 

var i ous amount s of cholestero l a nd Tween 80 (M50 thrc ugh M58). In other 

experimen ts , medi a supplemented with r abb it serum and various amounts of 

cho le s tero l an<l Tween 80 (M 59 through M67) were compa r ed . Some of the 

ea rlier tri a l s were excluded from t he dve r aged results be cau se dilutions 

had t o be ma de in or de r t o ob t a in a read ing on the nephe l ometEr. 

Some o f the uninocul ated med i~ cont a ining cholestero l, parti cu l ar l y 

t hose d l so cvn ta ining rabbi t serum, had a high refractive index whic h in -

terfered with the accuracy of nephelome t ric read ing s . For the final 

t ests , media c ont a ining cho lesterol a nd e i ther r abbi t o r swine serum were 

centrifuged and the nephelometric determi nat i ons ma de of the s ediments re-

su s pended in 20 ml of phosphate bu ff e r ed saline. In this way , the tr ea t-

men t of the two separa te groups was i dent ical . Theref or e , the resu lt s of 

only th r ee trial s are s hown in Table 5. 

The re sult s ob t a ined by n ephel ometry on al l of the remaining media 

used are given in Table 6. Basal medium A, wh i c h had been filter- or 

autcc lave- ste rilized (M6B and M69), was compa r ed to filtered or dut0claved 

basa l medium B (M70 and M71). Medi a supplemented with acid trea t ed swine 

serum (M72) and untrea ted serum (M 73) were test ed . Va ri ous amount s of di -

methyl sulf ox ide were added t o M74 through M76 . Basal medium A withou t 

dextrose and pheno l red (M77) was compared with basal medium A c ont a ining 

dextrose and phenol red (M78). Med ium conta ining tris buffer from a dif-

ferent commercial source (M79), ba sal medium A plus ac i d trea ted swine 

serum (M80) and the s..1 me medium with add iti ona l vit amins (M8 1) were com-

pared. !!EPES buffe r (M82) and TES buffer (MBJ) were compared with the 



Table 5. Nephelometric determinations (expressed in Beckman nephelos units) of the growth of M. 
synoviae in medium 50 through 67 

Average of 2 
Medium No. Trial l Trial 2 Trial 3 best tri:ils Treatment of basal medium B 

MSO 109 115 123 119 0 . 0057. cholesterol + 0 .025/. Tween 80 
MSl 130 130 130 130 0 . 005% cholesterol + 0.005% Tween 80 
M52 130 130 130 130 0 . 005% cholesterol + 0 .001'7. Tween 80 

M53 88 56 71 79 0.001% cholesterol + 0 . 025% Tween 80 
M54 108 116 92 112 0 . 001'7. cholesterol + 0 .005'7. Tween 80 
M55 105 119 100 112 0.001% cholesterol + 0 . 001% Tween 80 

M56 80 50 70 75 0.0002% cholesterol + 0 . 025% Tween 80 
M57 100 86 89 94 0 . 0002'7. cholesterol + 0 . 005'7. Tween 80 
M58 94 73 83 88 0. 000 2'7. cholesterol + 0 .001% Tween 80 

M32 92 69 69 80 Control medium 

M59 68 45 70 69 0. 005'7. cho lesterol + 0.025'7. Tween 80 
M60 92 91 81 91 0 . 005i. cho lesterol + 0 . 005% Tween 80 
M61 95 86 73 90 0 . 0051'. cholesterol + 0. 00 l '7. Tween 80 

M62 75 67 81 78 0 . 001% cho lestero l + 0 . 02 51'. Tween 80 
M63 92 60 80 86 0.001% cho lesterol + 0 . 005'7. Tween 80 
M64 90 70 74 82 0 . 0011'. cho lesterol + 0 . OOli. Tween 80 

M65 94 78 85 89 0 . 0002% cholesterol + 0 . 025% Tween 80 
M66 106 65 89 97 0. 0002"/. cholestero l + 0 . 005'7. Tween 80 
M67 91 74 82 86 0 .0002% cho lesterol + 0 . 001% Tween 80 

AD Ra 91 65 92 91 Cont r o l medium 

N 
co 



Table 6. Nephelometric determinations (expressed in Beckman nephelos units) of the growth of M. 
synoviae in medium 68 through 85 

Average of 2 
Medium No . Trial l Trial 2 Trial 3 best trials Treatment of media 

M68 62 64 100 82 Filtered A + rabbit serum 
M69 30 36 46 41 Autoclaved A + rabbit serum 
M70 33 35 43 39 Autoclaved B + rabbit serum 
M71 48 44 58 53 Filtered B + r abb it serum 

M72 130 130 130 130 B + acid treated swine serum 
M73 5 11 10 10 B + un t reated swine serum 
M74 122 125 113 123 B + 0.05% IMSO 
M75 125 129 120 127 B + 0 . 1°1. IMSO 
M76 116 118 127 122 B + o.25"l. rnso 
M77 84 45 71 77 A without dext r ose and phenol red 
M77a 130 81 130 130 Incubc.ted 72 to 84 hours 
M78 130 128 127 129 A with dextrose and phenol red 
M32 122 117 112 119 Control medium 

M79 56 77 59 68 A substituting tris buffers 
M80 43 56 55 55 A + acid treated swine serum 
M81 57 85 82 83 A + vitamin s 
M32 72 64 70 71 Control medium 

M82 83 74 77 80 A substiluting HEPES buffer 
M83 90 85 81 87 A substituting TES for buffer 
M32 90 70 81 85 Control medium 

M84 11 8 71 126 122 A subs tituting peptone B and " CS" 
M85 11 2 12 3 121 122 A substituting 1/2 yeast autolysate 
M3 2 63 106 111 108 Control medium 

-------

N 

'° 
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usu a l phosphate buffered me dium (M32). Medium with both peptone " CS " and 

peptone B (M84) was compared to medium in which the amount of yeast auto]-

ysa te was ha lved (M85) . The media were divided in to five gr oup s , ~ i t hin 

which the inocula anrl incubation conditions were identical. Str ic t com -

pa risons were considered t o be v a lid only within groups. 

The results of the gr owth curves a re given in Table 7 . It was con-

eluded tha t the organisms g r ew better in medium with dext r ose in a 36 hour 

period . The length of time could no t be extended fur the r when using medi -

um with dextrose due to the drastic change of pH. However, i t was noted 

that yields from medium withou t dextrvse wer e very good if the inc ubati on 

time was extended t o 72 or 84 hour s (see Table 6 , M77 and M77a) . 

Table 7. Growth curves of M. synoviae in media with a nd without dex trose 
expressed as colony-forming unit s per ml 

Tria l l Tri a l 2 
Hours Dextrose No dext r ose Dextrose No dextrose 

8 2 . 1 x 108 NDa 3 .9 x 107 ND 

16 8.(l x 108 ND 6.6 x 108 3 .8 x 104 

24 ND 2 . 0 x 106 1. 5 x 109 4 . 2 x io5 

36 6.5 x 108 4.8 x 106 1.3 x 10 9 2 . 5 x 106 . 

aNot determined. 
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From the above data it was concluded that on ly minor improvements in 

yield could be made ove r basal medium B. Ac i d treated swine serum was t he 

best serum of those tested . The OPN concen t r at i on used was 0 . 002 pe r cent 

with 0.002 percent cys teine-HCl. Dextrose and pheno l r ed were used in 

mo st cases becau se of the decreased incubation time . Mfrl vitamins (20 

ml /l of medium) were used; however, it was later f ound that ha lf of t his 

amount did not decrease the yield of antigen . Al t hough cholesterol a p -

peared t o increase the yield c onsider ab ly, it wa s no t u sed in the final 

medium for rea sons which are discussed later. 

The formula for the basal medium was as follows: 

Peptone B 5 . 0 gm 

Peptone " CS II 5 . 0 gm 

Yea st autolysate 5 . 0 gm 

NaCl 5 . 0 gm 

KCl 0 . 4 gm 

MgS04 0 . 2 gm 

N a2HP04 . 7 H20 1.6 gm 

NaH2P04 H20 0 . 1 gm 

Thallium acetate 0 . 2 gm 

Penicillin 500 , 000 units 

Dext r ose 5.0 gm 

Phenol r e rl 0.02 gm 

Trip le di st illed HzO 1000.C ml 

pll 7 . 8 - 8.0 with 10 percent NaOll 
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Antigen Studies 

All of the antigens listed in Table 2 were checked peri odica lly with 

known pos itive a nd nega tive chicken serum. Most of the antigens, whether 

sta nda rdized with the Klett-Summerson photoe lectric colorime ter (di lute in 

appearance) or standardized in the Hopkin's tube (concentrated i n appear-

ance), gave good results over a one t o two yea r te s ting period . Good re-

sults were considered t o be definite , flocculant agglutination wi t h t he 

kno~~ pos itive serum and smooth, nonc lumped appea r a nce with the negative 

serum. 

Although l a r ger aggr egates we r e obtained when the concentrated anti-

gens were r eac ted with posi tive serum , t he di lute ant i gens gave definite, 

unmi stakable result s , t oo . There was a greater problem with false posi-

tive reacti ons when the concentrated antigens were used . However, it ap-

peared that part of the problem was due t o the treatment of the serum. It 

was f ound tha t recently thawed sera gave false positive results even with 

some of the dilute antigens . Centrifug ing the serum usually did away with 

the false posit ive s although the con centrated antigens some times still 

agglutinated the negative serum. St oring the serum at refrigerator tem-

perd ture f or a few days afte r thawing and centrifuging a l so seemed t o ~elp 

prevent the fal se pos i t ive r esult s . This prob lem was encount er ed a l so 

with the experimenta l sera and centrifuging after thawing a nd r efrigerat -

ing became pa rt of the r out i ne procedure. 

The addition of dye to the antigen might be consider ed a n a i d in 

reading the test, but those antigens without it we re easily read and in-

terpreted. 
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There was no a ppreciab l e difference in the antigen s due to their var -

i ous methods of treatment. All of the antjgens were stable and no pre-

cipitate f orma tion was seen. Only one tube of antigen was conLaminated 

and that wa s by a mold . Also these antigen s did not give positive re sults 

with se r a conta in i ng ~ gallisepticum an tibodies. 

Sero l ogi cal St udie s 

In the c hicken experiments, positive tests a ppeared e a rli est with the 

tube agglutination procedure, bu t the r esu lts of t he three tesLs corre-

l ated close ly. Ag a in in t he turkey experiment, the tube agglutinati on 

tes t s were positive first, but a s before all th r ee tests c orrelated very 

cl osely. See Tables 8, 9 and 10 f or the re sult s of the serolog ical 

studies. 

Con siderab l e difficulty was encounLered when t ur key sera were used in 

the se rum plate agglutination . Use of an antigen grown in medium with 

dext r ose r esulted i n very poor r eproduc ibility and many fa l se positive re-

acti on s . After many un successful trials with the var ious antigens listed 

in Table 2 , an an tigen gr own in medium without dex trose was produced. 

Thi s was u sed primarily for t est ing turkey sera and not subjected t o the 

r epea t ed tria l s of the other antigens . This antigen was very g r ainy and 

had to be sonicated for l 1/2 minutes . The re su lts obta ined with this 

antigen are those g iven in Tab le 10 . Reproducibil ity was excellent anJ 

the re was no problem of false pos itive r esu l t s . Antigens at pH 6 . 5 and 

7. 2 we re tested , but in these limited trials , i t was impo ss ible t o de t er-

mine if on e was betLer than the o ther . 
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It was also fou nd that t ube agglutination antigens produced in fil -

tered rather than autoclaved media were more sensitive. Sever al titra -

ti ons with differen t lots of antigen were conducted and the sensitivity o f 

the filtered media antigens was always higher than that of the autoclaved 

media a ntigen s . 



Table 8 . Resu lts of serum pl ate agglutination, t ube agglutination and hemagglutination- inhibition 
tests performed on sera from ~ synoviae infected chickens in experiment l 

SPA TAa HI a 
Chicken Days post inoculation Days post inoculation Days post inoculation 

No . 5 8 12 22 5 8 12 22 5 8 12 22 

1680 + 25 40 
1681 + 160 80 
1682 + b 80 160 n. s. 80 n.s. n.s. 

1683 + 12.5 320+ 320 
1684 + + + 25 50 32o+ 40 320 320 
1685 12.5 160 160 

1686 20 12.5 25 20 
1687 + 20 25 
1688 12.5 20 

1689 + n.s. 10 n.s . 
1690 25 25 80 
1691 + 25 12.5 25 80 

aTiter expressed as reciprocal of highest reacting dilution. 

bNo serum . 

w 
vi 



Table 9. Results of se rum pl a te aggl utination, tube agglut inat i on and hemagglutinati on - inhibition 
tests performed on sera fr om M. synoviae infected chickens in experiment 2 

SPA TA a HI a 
Chicken Days post inoculation Days post inoculation Days post inoculation 

No . 7 14 21 7 14 21 7 14 21 

3992 + 80 160 160 640 

3993 + + 80 320 320 320 2560 

3994 + + 80 320 32o+ 320 2560 

3995 + ki 11 ed 40 160 killed 160 killed 

3997 + + 160 160 160 640 

3998 + + 160 320 160 320 1280 

3999 + killed 160 killed 160 ki 11 ed 

aTite r expressed as reciprocal of highest reacting dilution . 

w 
a-



Table 10. Results of serum plate agglutination, tube agglutination and hemagg lu t i nation-inhibiti on 
tests performed on sera from ~ synoviae infected turkeys in experiment 3 

SPA TAa Hla 
Turkey Days pos t inoculation Days pos t inoculati on Days post in ocu la ti on 
No. 7 14 21 28 7 14 21 28 7 14 21 28 

3586 25 25 64 256 
3587 + 25 25 32 512 

3588 
3589 

3590 + + 12.5 50+ 64 1024 
3591 

3592 + + 160 320 128 512 
3593 + 25 320 64 512 

3595 
3596 + + + 25 25 50+ 16 256 4096 

3597 
3598 12.5 16 

3599 + + 80 80 128 128 
3600 16 

aT iter expressed as reciproca l of highes t reac ting di luti on. 

w 
........ 
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DI SCUSSI ON 

Although mino r increases in yield we r e ob t a ined ~it h some of t he 

modifica tions tested, f a irly good yiclJs of~ synovi.1e were obtained wi t h 

basa l medium A su pplemented with on l y swine s erum and DPN. Therefore, it 

seems that antigen producti on is feas ible with this medium . Some of the 

changes tha t impro ved the growth of the organism were no t incorporat ed 

into the final medium beca u s e the improvement in growth was nol suffi cien t 

t o war r a nt the expense or the time invo lved . 

Tween 80 was added to the med ium in an attempt t o produce antigen 

tha t could be more readily suspe nd ed and also t o detend n e if Lhc growth 

of~ s yn oviae wou ld be enhanc:cd by its addition. Cha rcoal was added to 

count e r act the toxic effect of the sho rt cha in f a tt y ac id s in Tween 80. 

This procedure was described by Hir sc h (1 954) . Cha r coal wa s a lso u se c! in 

a medi um without Tween 80 t o determine if any effect see n was due t o re-

moval of t oxic substances in the basal medium inste ad o f in the Tt.1een 80 . 

It was reported by Edward and Fitzgera ld (1951) tha t cho leste r o l im-

proved the growth of mycoplasmas. According t o Hirsch (19 54) , add e c! cho -

l esterol ma y supplement the serum choles tero l or may act mu ch the same as 

cha rcna l. Altho ugh the ch0lesterol mnrkcdly impro ved g r 0wth 1 it wa s not 

u sed Jue to pr0l>lem s encount e red with ncphC'lomctric st .in<lard i z.ition a nd 

aut<)«gglutination . Mor e work need ~ Lo be done t o de t erm ine whether these 

problems could be circumvent ed. 

Trea tment o f swine serum with hydrochl oric acid, whi ch was descrihcd 

by Boulanger (1954), successfully removed procomplementary suhsLdnccE 
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which inLerfer~d with the complement-fixa tion Lest. Later Huhn (1969) 

used this procedure for swine serum which was incorpora t ed into culture 

media and found that it improved the g r owth of mycopla smas. 

Basa l medium A cculd be u sed equa lly well with or without dextrcse . 

However, the incubation period had to be extended from 36 hours Lo 72 or 

84 hours to prov ide accept able antigen yie lds in media without d~xt rose . 

Als o it was found th a t 0 .002 percent DPN supported g r wLh equJl t o tha t 

obtained in medium conLaining 0 . 0 1 perc en t DPN , as recommended by 

Chalquest (1962). 

No one method f or measuring the g r owth of mycoplasmas was satisfacto -

r y becau se variable result s were obtained from one test t o another. Some 

of the variati ons could be attributed t o high incuba t or temperatures due 

Lo a ma lfuncti oning thermostat . The number of viable organisms in the 

inocula was another facLor caus ing variations from test t o te s t. If the 

pH wa s too low , many of the o rganismb in the inoculum were no t viab le, and 

the readings of the subbequent passage were quite low a t 24 hour s . S ince 

these variati ons led to erroneously l ow values, the a vera ges in t he t ables 

were made from the two trials wit!1 the hi;;hest values. 

In the SPA antigen studies, it was f ound that only two varidbles in-

fluen ced the sensitivity of the antigen s - concentration of the antigen 

and dextrose in the culture medium. Those antigens stand a rdi zed in t he 

Hopkin's t ube were much more concentrated than those standnrdized by col -

orimetry . The concentrated ant i gens gave excell ent agglutination with 

po si t ive scra; however, they a l sn agglutindted some ~cg .1t ive scra . This 

prob lem w.is not seen wi 1h the le ss ...:0nc c:1LrateJ .1n Ligcn s , 3 lLhnut;h r.he 



JGgl u t i.n ~Lion with p JsiL ivc s era wa s noL as c~ sy t o se~. NeverthL l~~; , 

the d~gl•Jl i na rion wi t h ~he l ess conc.: c:u1·aLecl anr:i3ens 1us very .:ipp,-:-ent 

.in<l disL i nc t_ with cl vsC' obset·vaL i on. ll is felt that :nnre work n o.?c .l s u1 

be d ·::me t o d e ter~nine whether o r n ot. the a nl igen concenLr il ::io n shnu lJ he dS 

hig h as pre sen t 11 . S . Dep~rtmcn t of Agri cul t ure stand~rds <licrace. 

When : urkPy scrJ were u sed in the S PA test wit h an Jntigen grown in 

mediul"l c on LJining dext r ose , many non :;pec i.f i c agglu Lin.it i on :; occ u r t"eJ anJ 

1"<.!pt«><..l ucih i lit y wa s very pooc Aul er ;me.I DaMass ..1 (1968) al so founJ Lh 1t 

S PA ...in t igens gr.nm in med iu m wirl1 <l c :,t n >:;..:! were Less se n s itive. They diJ 

n o L u s e a buffer ing system in : he ir medlu~ . A bufferinb sysLem was u sed 

in ':. he medium f o r anLi.gen prod u cti·m in t he se c:<pc-:-imt~nt <> , but there 1-.·J s 

sti ll a m.1rkecl d r op in pH, a nd chi .:; wa s probab ly r es p ons i b le for the Je -

cre...iseJ sen sit ivi ty . 

Buffer s o luti on s at two different pH ' s ( 6 . 2 a nd 7 . 4) wc~e u s ed t0 re-

su s r>end c h e a ntigens u sed i n SPA te s t s \vith t urkey sera c:1 n d both f;il ve S.lt-

i sf ac t o r )' rc:;ults . lloweve r, more work need s to be dnnc t0 JeLer•ni1e the 

op t im~m p l! fo r m.1x i mum sen s itivity. 

I t i s fe lt th;11· con ccnlr3ti.on o f the a n t i (";e n .ln<l J cxtrosl: in the mc-

diur.i 111.ly be respnn s i~ l c for snme of the reports o( hi sh incidenc e of i n-

fe c ri o n in t he abse n ce o[ 0 Lhe1· s itins. In these ex p e rimC';1t. s , nn cr<Js:; rc-

actin n s were observed bet .. ..1een se rr1 c on t.l ining~ ~l_i senlicum <tn Li boJic s 

and~ synovi~<: anti3 en s . 

In the S PA tests , ~.1 ny agglut in.lt ion s we r e enc ounrcred \'1hich we re 

thought" to b e n o n s pec ific .1nd a pp:-irenLly cau sed b y frcc z i-ig o f t he se r .1 . 

Thornr ')n (1969) rep o rted that nons pec if i c aggluci.:1:-iti on clue to frc czi-1:.; 
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and thawing sera could be avoided by he nting the sera at 56°C f or JO min-

ute ~. Hammar et~ (1958) used centrifut,.'.lt ion to remove false nega tive 

r esults. In the present experiments, only centrifugati on removed the non-

specific agglutinations, for all sera were routinely heated to 56°C for 30 

minutes. Heating the sera in this manner did not destroy their tube ag -

glutinating activity as r e ported by Cover ~ ~ (1960) and Yoder and 

Hofstad (1964). 

It w&s also found that TA antigens were less sensit ive when gruwn in 

media that had been aut0claved than those which had been filter steril-

ized. 

In the experiment s with chicken sera, it was founc that the TA tests 

gave positive results first. Positive refults were obta ined as early as 7 

t o 8 days post inoculation whereas the SPA and HI test s were no t positive 

until 8 to 14 J ays post inoculation. However, by 21 d ays a ll results we re 

po si tive. 

The three tests correlated very closely in the experiments with tur-

key sera . Titers did not appear un til 14 t o 21 days po s t inoculation . 

All tests were positive by 28 days pos t inoculation . 

These results agree with the findings of Fahey and Crawley (19)4). 

Crawley (1959), Newnham (1964) , Adler (1954)(1958), Baharsefat and Adler 

(196Sa) , Mohamed and Bohl (1 968) and Lawson and Hertler (1 969). However, 

Tht~rnton ( 1969), wo rking with M. g :i I l i sep t icum, (ound the SPA test g.we 

pnsitive resul ls befo re the III Lcs L. Al so Roberts and Ol C'!> iuk (1967), 

wor king with~ syn0viac, f ound th t:: SPA Lest to be po sit ive bcfnn: tl"> e TA 

test . 



SUMMARY 

A med i 1Jm whi : h h .1d heen u sed prevLms l y f o r i solat i on o f Mvcop l asma 

~ovi .:ie w..i s Lested c1 nd f o und t o b e sJti.sfactor y a l so fo r antigen p r o -

du c t i o n. Ma ny additi ves .1n<l t r cJ t lTlcn:::s we r e t ri ed in Jltempts to impr0ve 

t. he y ield o f a n t i g en. Severa l c hanges we r e ben efi cial. I L was found th.iL 

fi I • e r cd :ned ium s upptn·t ed f a ste r g r 011t h t h a n a u toc l.1ved me d L.1m. Swine 

serun which h a d been treat ed with l N hyd r uc hlo ric a c i d was b ~ tter tha n 

r abb it or t u rke y seru m. Tr is bu f f er s we r e n o t as good as phosp h ate b u ff -

er s . The c onc en t r a t i nn of DPN c o uJ .j h e d e c re:-t sed f r o(".1 0 J)l pe rc ent to 

0.002 percent a nd o ptimum growth wa s s till obtained. De x trose m~rked ly 

inc re.1sc:i the g r owth r at e o f ~ syno via e and decreased t he inc u hal i on 

time nece ssary f o r max imu111 gro1~ th. Howe ver , i f t hP. inc u b a t. i o n time ;,•;Js 

e x l c nd .:!d fro m 36 hou1-s t o 72 o r 81~ ~nur s , the yi e ld in medium wi t hout de:.; -

trose was a bou t etju a l to that· in d ex:t r osc me dium, and f e we r f alse positive 

reac ti ons we re observed with the a !ltig en produced in t h e med ium wi t ho u t 

de x tro se. Additi on :d vi tamins improved the g r owt h o f M. s ynnvi.:ie a 11d we r e 

i'1 c },; Jed in the fin.1 l formula. Choles terol also incl"e ased the g r iwth o f 

~ synoviae, but due tn problems with stan dardizat i on a nd autoabgl u t i~ ..i ­

ti on, it was not in c o rpo r a ted int o the final med ium. 

Studie s were made of antigen she lf life and r eac tivi t y. It was f o un d 

t hnL ant i gens pru duced in these s t udies were stab l e and we re a c cep t able 

f r om t he s tandpoin t o f sero l og ica l s en s itivi ty . Bu ff ers , presc~vdL ivcs , 

rec.l ox P' >Len t i :i ls, d yes a nd pit ' s wen~ inc l uded i n t hese sL ud ie s . None of 

the se va r i:1blc s a ffected the scn s iliviL y nf the .:rn r igen s . llowcvc r , 
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conce nLrat i on of the antigen and dextrose in the medium were de fi ni Le fac -

t or s effec ting the r eact ivity of the anL i gen. Antigen s whi ch were stan -

dardized acco rding t o usw, specificati ons tended to give more false posi-

tive s than those antigens which were no t as concentrated . Antigen s gr own 

in medium c ontaining dextrose gave more non s pec ific reac ti ons than those 

grown tn medium withou t dext r ose, particularly when turkey se~a were u sed . 

The serological r espon se o f ch ickens and turkeys to M. synovia~ in-

fec t i on were studied us ing serum plale agglu t inat i on, tuhe agglutinati on 

and hemagglutinatinn -inhihition tests . It wa s fn un 1l that all three tests 

c orrc l~tcd fairly we ll. The TA test was t he most sensit ive to e arly 

t i ters but a ll were pos itive by } Lo 4 weeks post infect i on . Fa lse posi -

tive SPA re~ct i ons were often encountered unless certai n precauti ons were 

taken in handling of the test sera . Serd p os itive for~ gallisepticum 

antibod ie s we r e not pos i t ive with M. synovia e SPA an r i gens. 
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