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ABSTRACT Among many avian mycoplasmas, My-
coplasma gallisepticum (MG) and Mycoplasma syn-
oviae (MS) are recognized as the main etiological agents
of respiratory diseases and infectious synovitis in chick-
ens and turkeys causing tremendous economic losses
worldwide. Therefore, proper treatment is promoted for
the control of these diseases. This study was the first
in Egypt to evaluate the in vitro efficacy of various an-
timicrobials against field MG and MS isolates recovered
from chicken and turkey flocks using both conventional
broth microdilution and quantitative real-time poly-
merase chain reaction assays. Totally, 47 mycoplasma
isolates were recovered from 160 collected tracheal sam-
ples (29.4%). Of these, 44 MG (27.5%) and 3 MS (1.9%)
were identified using conventional and molecular as-
says. The in vitro susceptibilities of 4 representative my-
coplasma field isolates (3 MG and one MS) to 8 antibi-

otics and 4 essential oils were investigated. The tested
isolates showed various susceptibilities to tested antimi-
crobials. Toldin CRD, followed by clove, cumin, and
cinnamon oils were effective against both MG and MS
clinical isolates with minimum inhibitory concentration
(MIC) values ranging from 0.49 to 15.63 pg/mL. Sim-
ilarly, tylvalosin was the most active antibiotic against
MG and MS isolates with the lowest MIC values (0.015
to 0.03 pg/mL). DNA loads of both MG mgc2 and MS
vlhA genes were markedly decreased upon treatment
with majority of the tested antimicrobials confirming
their effectiveness as was also evaluated by conventional
MIC results. In conclusion, Toldin CRD and tylvalosin
were found to be the most effective antimicrobials in
this study. This finding highlights the importance of
using these antimicrobials in controlling mycoplasma
infections in chickens and turkeys.
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INTRODUCTION

Avian mycoplasmosis has been deemed as one of the
most prominent economic problems in the commer-
cial poultry industry all over the world. More than 20
species of genus Mycoplasma are known to infect avian
hosts with Mycoplasma gallisepticum (MG) and My-
coplasma synoviae (MS) being the most clinically rele-
vant mycoplasmas (Raviv and Ley, 2013).
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Mycoplasma species are transmitted horizontally by
susceptible birds through direct or indirect contact with
contaminated surfaces (Levisohn and Kleven, 2000) and
vertically from dam to offspring through eggs (Razin
and Hayflick, 2010).

In geographic localities where mycoplasmosis is en-
zootic, programs for controlling their infections are the
most practical ways to decrease the resulted economic
losses. Antimicrobial therapy remains the most prompt
and effective tool for treatment of mycoplasmas in
poultry farms. Basically, MG and MS have shown in
vitro and in vivo susceptibilities to several antimicro-
bials such as macrolides, tetracyclines and quinolones
(Landman et al., 2008; Forrester et al., 2011).

Veterinarians usually ignore the side effects of syn-
thetic antibiotics while recommending the therapy for
avian mycoplasmosis. Moreover, the development of re-
sistance to currently used drugs (Grézner et al., 2016)
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incorporating with their high costs increased the need
for using new and alternative antimicrobials.

An approach for the development of new antimi-
crobials mainly from plant origin offers a great con-
tribution in the fight against mycoplasma infections.
To our knowledge, few researchers reported the effi-
cacy of medicinal plants against different species of my-
coplasma (Sabdoningrum et al., 2017; Ariela Boeder
et al., 2018).

Performance of phenotypic antimicrobial susceptibil-
ity tests for mycoplasmas is time-consuming and re-
quires special techniques. Recently, quantitative real
time PCR (qRT-PCR) assay has been developed as a
sensitive and more specific method compared with con-
ventional ones used in clinical microbiology laboratories
(Rolain et al., 2004).

Based on the above background, this study was con-
ducted to evaluate the in vitro inhibitory effects of some
essential oils and various commercial antibiotics against
MG and MS field isolates using both micro-broth dilu-
tion method and qRT- PCR assays.

MATERIALS AND METHODS
Sample Collection and Study Area

The current study was carried out from January 2017
to December 2018. Three commercial broiler chicken
flocks located in Faiyum, Giza and Sharkia Gover-
norates as well as one turkey flock in El Dakhleya Gov-
ernorate, Egypt were examined. The birds from Giza
(50), Sharkia (50) and El Dakhleya (10) were suffering
from respiratory manifestations in the form of conjunc-
tivitis, nasal and ocular discharges, sneezing, coughing,
rales and gasping while those from Faiyum (50) were
suffering from both respiratory problems and synovitis.
All of these flocks were not vaccinated against any my-
coplasma diseases. From each flock, tracheal swabs from
all diseased birds were aseptically collected and trans-
ferred in test tubes with Frey’s broth medium (Oxoid,
UK) as a transport medium to the laboratory until be-
ing subjected to MG and MS isolation and identifica-
tion.

Ethical Statement

All animal protocols were approved by the Institu-
tional Animal Care and Use Committee (IACUC), Fac-
ulty of Veterinary Medicine, Zagazig University.

Isolation and Identification of
M. gallisepticum and M. synoviae

After incubating the broth media containing swabs
for 3 to 5 d, the broth culture was streaked onto Frey’s
agar medium (Oxoid, UK) and incubated for 21 d.
Inoculated broth and agar media were incubated under
microaerophilic humid conditions (10% CO,) at 37°C.
Digitonin test was then performed on the fried-egg
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shaped colonies. Identification of MG and MS was made
by a combination of conventional biochemical methods
(glucose fermentation, arginine deamination, and film
and spot formation tests) and serologically via growth
inhibition test using specific antisera (OIE, 2008).
Further molecular identification of both MG and MS
was carried out as was described previously by poly-
merase chain reaction (PCR) amplifications of mgc2
and vlhA genes, respectively (Zhao and Yamamoto,
1993; Garcia et al., 2005). Known positive control MG
and MS strains (accession numbers of HQ591357 and
KT943466, respectively) as well as negative controls
were included in every set of PCR reactions. The sizes
of expected amplification products were 236 to 302 bp
for mgc2 gene and 1.1 kbp for vlhA gene.

Natural Substances

The essential oils of clove (Syzygium aromaticum),
cinnamon (Cinnamomum zeylanicum), and cumin
(Cuminum cyminum) were purchased from National
Research Centre, Egypt. Additionally, Toldin CRD
(B.NO, 00101), which is a prophylactic and therapeu-
tic agent for chronic respiratory disease (CRD) complex
in poultry was kindly supplied by Dawa International
for Pharmaceutical Industries, Egypt. It contains many
active natural compounds such as aliumcepa, ginger,
cinnamon, oregano, circumin, liqurice, anise oils, and
propolis.

Antibiotics

The following 8 antibiotic agents of 5 different
groups; macrolides, fluoroquinolones, tetracyclines, lin-
cosamide, and pleuromutilins were used for the sus-
ceptibility tests: tylvalosin (Pharmgate Animal Health
Canada, Inc), tilmicosin (ELANCO, Geneva), ty-
losin (ELANCO, USA), enrofloxacin (INVESA, Spain),
doxycycline (Oxoid, UK), chlortetracycline (Oxoid,
UK), lincomycin (Oxoid, UK), and tiamulin (Sandoz
GmbH, Basel, Switzerland).

Antimicrobial Susceptibility Testing of
Mycoplasma Isolates via broth
Microdilution and qRT-PCR Assays

The antimicrobial susceptibility rates of four rep-
resentative mycoplasma field isolates (one from
each flock) were determined by both conventional
broth microdilution (Hannan, 2000) and qRT-PCR
(Hamasuna et al., 2005) assays.

Briefly, each tested antimicrobial substance was two-
fold serially diluted starting from a concentration of
1024 pg/mL for each antibiotic and 1000 pg/mL for
each essential oil. Mycoplasma isolates were diluted to
contain 10% to 10* color changing unit/0.2 mL. Conse-
quently, 0.1 mL of each diluted substance was mixed
with 0.1 mL of each diluted mycoplasma isolate in the
96-well microtiter plates. Growth controls (tested field
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Table 1. Prevalence and characterization of avian M. gallisepticum and M. synoviae in 4 flocks from different localities

Serological and

Biochemical characterization molecular identification

No. of No. of positive Film and No. of MG No. of MS
tracheal mycoplasma Glucose fer- Arginine spot isolates isolates

Flock No. Host Locality swabs isolates (%) mentation deamination  formation (%) (%)

1 Chicken Faiyum 50 3 (6) + - —+ 0 3 (6)

2 Giza 50 25 (50) + - - 25 (50) 0

3 Sharkia 50 16 (32) + - - 16 (32) 0

4 Turkey El-Dakhleya 10 3 (30) + - - 3 (30) 0

Total 160 47 (29.4) 44 (27.5) 3 (1.9)

MG: Mycoplasma gallisepticum, MS: Mycoplasma synoviae.

mycoplasma strains grown into broth medium without
any tested substances), sterility controls (broth medium
without neither tested substances nor mycoplasma in-
oculum) and pH control (broth medium adjusted to pH
6.8) were included in each plate. The plates were sealed,
incubated at 37°C and inspected at regular intervals
for any changes in the color indicator. Each experiment
was performed in triplicate and repeated twice to con-
firm the results. In accordance with the previously men-
tioned guidelines (Hannan, 2000), the initial minimum
inhibitory concentration (MIC) was defined as the low-
est antimicrobial concentration showing no change in
colour when the colour of the mycoplasma growth con-
trol changed. The final MIC was read in the broth con-
taining the antimicrobials at the time when no further
color change was observed in the growth control wells.

Quantitative RT-PCR. assay was performed for de-
termination of DNA loads using MG and MS specific
primers at 2, 4, 7, and 14 d post incubation. Stan-
dard curves were prepared from 10-fold serial dilutions
of genome copies of known MG and MS positive con-
trol strains to determine the DNA loads at all inter-
vals. After amplification, a final melting curve analysis
was performed to determine the presence or absence
of non-specific amplification products. The inhibi-
tion rates of all tested antimicrobials were calculated
according to the following formula: Inhibition rate
(%) = [(average of DNA loads in control wells-
DNA load in test well)/average of DNA loads in
control wells] x 100. The MIC of each tested sub-
stance was defined as the lowest concentration caus-
ing 99% inhibition of mycoplasma field isolates
(Hamasuna et al., 2005).

Interpretation of antimicrobial susceptibility results
is hampered by lacking of the official breakpoints.
In these cases, interpreting the data of our study is
based on values previously used in other publications
(Kreizinger et al., 2017; Ariela Boeder et al., 2018).

RESULTS

Prevalence and Characterization of Avian
M. gallisepticum and M. synoviae

Fried-egg-shaped pure colonies of cultured mycoplas-
mas were seen on Frey’s agar medium. All the colonies

were found sensitive to 1.5% digitonin, ensuring that
they were mycoplasmas. The recovery rates of avian
Mycoplasma species from 4 flocks located in different
localities are illustrated in Table 1. A total of 47 my-
coplasma isolates out of 160 collected tracheal samples
(29.4%) were identified biochemically into 2 groups.
The first group was positive for glucose fermentation
test and negative for both arginine deamination and
film and spot formation tests, while the second group
fermented glucose, did not hydrolyse arginine and was
positive for the film and spot formation test.

According to serological identification results using
growth inhibition test, 44 (27.5%) and 3 (1.9%) were
inhibited by specific antisera to MG and MS, respec-
tively. Moreover, PCR, confirmed the nucleic acid of all
biochemically and serologically identified isolates with
the production of the predicted amplicons to MG and
MS at 236 to 302 bp and 1.1 kbp, respectively. The
total recovery rate of Mycoplasma species from the ex-
amined chicken and turkey flocks were 29.3% (44/150)
and 30% (3/10), respectively. Cumulatively, phenotypic
and genotypic identification results confirmed that 41
isolates (27.3%) of 150 tracheal swabs from chicken
flocks and 3 isolates (30%) of 10 tracheal swabs from
the turkey flock in El Dakhleya were MG. In addition,
MS were recovered from the chicken flocks with a per-
centage of 2% (3/150).

In vitro Antimicrobial Activities of Essential
Oils and Antibiotics

Conventional Broth Microdilution Assay
In the first part of the study, 4 selected mycoplasma
isolates (3 MG and one MS) representative for 4 flocks
located in different localities were investigated. The in
vitro activities of 4 different essential oils and 8 an-
tibiotics of 5 groups against these isolates were de-
tected by the broth microdilution technique as illus-
trated in Tables 2—4. Herein, initial MIC values were
those used to evaluate the susceptibility of examined
mycoplasma isolates to different antimicrobials. The
in vitro MIC results of selected natural products re-
vealed that clove, cinnamon, cumin, and Toldin CRD
essential oils were variously capable for inhibiting the
growth of both MG and MS clinical isolates. Toldin
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CRD was found to be the most effective natural sub-
stance against all tested isolates with MIC values of 0.49

= ot
3 %7) 222 9 t0 0.98 png/mL. Moreover, both clove and cumin oils had
5 gle=== < excellent antimycoplasmal activities with MIC ranges
E 2 < of 0.49 to 1.95 png/mL and 0.98 to 3.91 ng/mL, respec-
3 2 tively. On the other hand, cinnamon oil showed various
% ;g E| & Ei%i activities from excellent to good against mycoplasma
- = % N o isolates with MIC values of 1.95 to 15.63 pg/mL.
B s oo g The broadest ranges of MIC values were detected
- S|=|2322 5 g for antibiotics of the macrolide group with MICs rang-
g :: ing from 0.015 to 0.25 pg/mL. Among the examined
Z 8 3 macrolides (tylvalosin, tilmicosin and tylosin), tyl-
o=t o . . 1s g .
‘é’ Slex=g = i valosin was found to be the most active antibiotic in
3 Ll S332 S £ the examination with the lowest MIC values (0.015 to
= &l g 0.031 pg/mL) against MG isolates and 0.015 pg/mL
9 £ < against the MS isolate. Moreover, tilmicosin and ty-
E =) El= NEEEE: § losin demonstrated also lower MICs against both MG
g = é SS—=3S 0 and MS isolates (up to 0.06 pg/mL each). From the
3 \jﬁ 5 =S pleuromutilins, the MIC values of tiamulin were low
% 5 é ~ 8358 % E (0.06 to 0.5 pg/mL). Among tetracyclines, the MIC val-
2 g —eme = ues of both doxycycline and chlortetracycline showed a
= 8 = wide range (0.125 to 0.5 pg/mL and 0.5 to 16 pg/mL,
2 g & o respectively).
3 3 2 2 S 3 = 2 \% It was obviously noted that MS isolate was sensitive
§ = = 3 to all tested antibiotics. On the other hand, all MG
> o 8 = isolates were sensitive to tylvalosin, tilmicosin, tylosin,
= = E - I, H doxycycline, lincomycin, and tiamulin antibiotics and
— E|E|™ 2222 5 only 66.7% of the isolates were sensitive to each of en-
g é E rofloxacin and chlortetracycline.
S : e © § A Comparison of initial and final MIC values showed
2 S|~ |32 ; R g 0 to 3-fold differences for all antibiotics. Only in
g & the case of 6 antibiotics (tylvalosin, tilmicosin, doxy-
i; ;f cycline, chlortetracycline, lincomycin, and tiamulin),
= Sl o « | = initial and final MICs exhibited up to 3-fold differ-
= E 2222 S = ences among MG isolates. Initial and final MIC val-
2 & E ues of tylvalosin, tilmicosin, tylosin and enrofloxacin
E © :g for MG3 isolate and tylvalosin, tilmicosin, tylosin and
= Sl soa® 3 tiamulin for MS isolate were the same (Table 4). Fi-
& S | FEES
3 g SSes = nal MICs for enrofloxacin and lincomycin differed from
= E g those of the initial ones among each of MG2 and MS
§ O§ _lerrsg g g isol'ates and changed MIC profiles from sensitive to
g eee < 3 resistant.
i § Quantitative Real-Time PCR Assay In the second
° . ; g < part of our work, we quantitatively assessed the mgc2
2 Z|gEs a g and vlh1 gene copies when MG and MS isolates were
:E é’ O % A = 2 grown in the presence of all tested antimicrobials at 2,
2 = 2 4, 7, and 14 d post incubation, respectively (Tables 2
= g and 4, Figure 1).
"5 REERS: ; The CT values of mycoplasma isolates in medium
é 2 é;%’g B inoculated with tested substances increased with in-
= COED é creasing the efficacy of such antimicrobials, imply-
g—;g s ing that the mycoplasma loads decreased. An ob-
£2 3 servable reduction in the DNA loads of both MG
: g . o % mgc2 and MS vlh1 genes was observed following treat-
- g 55 = s ment with majority of the screened substances. DNA
e 2 s E o loads of both MG and MS mgc2 and vlhI genes were
=~ 2% ii CRERNE ifj = markedly decreased upon treatment with tylvalosin.
BT nESlaamam A7

Therefore, a representative model of growth inhibition
rates of MG and MS isolates after exposure to various
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Table 3. Summary of initial and final MIC ranges (ug/mL) of the isolated M. gallisepticum and M. synoviae isolates with the suggested

non-official breakpoints

Non-official
breakpoints (Kreizinger

Antibiotic class Antibiotic agent et al., 2017) Initial MIC range Final MIC range
Macrolides Tylvalosin S<05 R >2 0.015 to 0.03 0.015 to 0.125
Tilmicosin S<8 R >32 0.06 to 0.25 0.25 to 0.50
Tylosin S<1L;R>4 0.06 0.06 to 0.25
Fluoroquinolones Enrofloxacin S<05 R>2 0.25 to 2 1to2
Tetracyclines Doxycycline S<4;,R>16 0.125 to 0.5 0.25 to 1
Chlortetracycline S<4,R>16 0.5 to 16 2 to 16
Lincosamide Lincomycin S<2:R>8 0.25 to 2 2t08
Pleuromutilins Tiamulin S<8R>16 0.06 to 0.5 0.5
S: susceptible, R: resistant.
Inhibition rate Inhibition rate
120 120
0.5 pg/ml 0.5 pg/mt
--0.25 pg/mi “-0.25 pg/ond
40125 pg/ml 0125 pg/ml
0062 pg/ml e 0,062 pg/od
w0031 pg/ml 0,031 pg/ml
- 0.015 pg/ml. 40,015 pg/mi
0.007 pg/ml 0.007 pg/mt
4]
2d 4d 7d 14d B
A
Inhibition rate
120
0.5 pg/ml 0.5 pg/od.
025 pe/mt - 0.25 pg/mt
0025 pg/mi. #0125 pg/ml.
e 0.062 g/ k. e 0.062 g/l
e 0,01 pg/end e 0.031 g/l
+-0.015 pg/mt - 0.015 pg/mt.
0.007 pg/ed. 0.007 pg/mi
0o
2d 4d 7d 14d C 2d 4d 7d 14d D

Figure 1. Growth inhibition rates of MG1 (A), MG2 (B), MG3 (C), and MS (D) grown into mycoplasma medium with various concentrations

of tylvalosin at 2, 4, 7, and 14 d post incubation.

concentrations of tylvalosin at 2, 4, 7, and 14 d post
incubation is shown in Figure 1. Of note, MG3 isolate
had a rapid growth inhibition pattern as MIC for tyl-
valosin was determined early at 4 d after incubation
(0.062 pg/mL). For MG1 and MG2, the MIC value was
0.031 pg/mL at 7 d after incubation. Meanwhile, MS
isolate grew slowly as MIC value was determined at 14
d after incubation (0.062 ng/mL). Based on this model,
MIC values of other examined antimicrobials were de-
termined and shown in Tables 2 and 4.

Comparison between Conventional Broth Mi-
crodilution and qRT-PCR Assays for MICs Deter-
mination of Tested Antimicrobials
In Tables 2 and 4, a comparison between all MIC re-
sults obtained by conventional broth microdilution and
real time PCR methods was carried out. The MICs

determined by qRT-PCR assay were almost similar to
the initial MICs determined by the conventional broth
microdilution method for majority of the tested an-
timicrobials. No differences in median MIC values were
observed for lincomycin (1.5 versus 1.5 pg/mL) and en-
rofloxacin (0.5 versus 0.5 pg/mL) using both conven-
tional and qRT-PCR assays.

DISCUSSION

Avian mycoplasmosis is one of the most serious infec-
tious diseases caused by Mycoplasma species, especially
MG and MS. Appropriate treatment is recommended
in the control of these infections in order to minimize
their economic losses. In vitro antimicrobial sensitivity
testing of avian Mycoplasma species has been carried
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out using broth microdilution method. Meanwhile, we

2] ! ot 0 ..
b= EC|8wZn & © . e 1eps
S =| & 3238 3 3 are facing the absence of researches about the inhibitory
g e Rann g effects of various antimicrobial substances on clinical
e 8 - 'S MG and MS strains by the use of qRT-PCR as a sensi-
g G s tive method. Therefore, this is the first work that eval-
[ g =R, = . . 1 t70s e .
E S 988, o A uated the in vitro susceptibilities of MG and MS iso-
o R lated from chicken and turkey flocks in Egypt against
% _| 288 v i various antibiotics and essential oils using both conven-
o SN = . . . .
g § i g tional broth microdilution and qRT-PCR assays.
g zl| 2 € ;f In the present study, phenotypic and genotypic iden-
5 g e = tification of the recovered isolates revealed high iso-
g § @ z lation rates of Mycoplasma species from the cultured
£ s|T|gege 2 tracheal swabs of the examined chicken (29.3%) and
= S~~~ . .
= o turkey (30%) flocks. Our findings are close to those
o — =} . . :
2 |2 . g8lvo-w = E previously observed in other recent researches in Egypt,
g Elis! i e where high overall recovery rates of Mycoplasma species
;g AREIEEEE = from chicken tracheal swabs (55.65%) (Younis et al.,
e |= e & 2018) and from diseased turkey flocks (24%) (H
S 2| . y flocks (24%) (Hassan
§ e 2 ~|%gaa Z et al., 2012) were recorded. Another research conducted
& - © Sgmae = = in Eastern Algeria reported also a high isolation rate
z 22le _Bg g of Mycoplasma species from tracheas of dead chick-
AN~ AN [} 1 .
é A BE|2Z232 2 o ens (27%) (Heleili et al., 2011). The high mycoplasma
g e ? & prevalence rates in these investigated flocks may refer
Z g e 7 %:' to the already acknowledged vertical transmission char-
2 i |28 _a EL acteristics of mycoplasmas in addition to their horizon-
ki 178285 = = tal transmission to the healthy susceptible birds, which
= sese S E hat amplifies the disease incidence and the subsequent eco-
Q B28%lnn w ow &= nomic losses.
=022 8 -2 . . .
£ B BE|TETE S gz In terms of M@, the isolation rates from the diseased
S e~ . .
g = 1. = g chickens and turkeys were 27.33 and 30%, respectively.
“ ] all BN 3 In this regard, MG was previously isolated from 40 and
e < . . .
E RPN g; 20% of chicken and turkey flocks, respectively (Eissa
= a0 © :
g Sl-lsze % - 29 et al., 2011). Moreover, in other researches performed
S Sas S Zg earlier, MG prevalence rates from tracheal swabs col-
= CE[858g = |2 Q:ij . lected from broilers and turkeys were 38.71% (Younis
g 2| Bals 222 2 2EE et al., 2018) and 68% (Fadia et al., 2009), respectively.
= a =le|888%8 g “L: Z With regards to MS, a lower incidence rate was recorded
< AN S D = o) . . . .
> gl |==== g .= from the investigated chicken flocks (2%), and it could
= = O . . . .
% gl |azza ;Tg ‘f; not be also isolated previously from broilers in Iran
e N (Gharibi et al., 2018). On the other hand, several re-
w0 cooco o b .
2 ¥E 8 searchers reported higher prevalence rates of MS from
2 £85|nnln » $E £ broiler chickens in Iran (31.25%) (Hosseini Aliabad et
= = sh|cces oS 7T
ER = = i) al., 2012), Jordan (21.7%) (Roussan et al., 2015) and
g g 2 |=|8288 E—E g Tehran province (17.89%) (Pourbakhsh et al., 2010).
Rolp= g - S22 From our findings, cinnamon, cumin, clove oil
g i < Laanan SEE and Toldin CRD had various antimycoplasmal activ-
g =Y SR | o . .
“E = S 9888 = EE > ities from good to excellent with MIC values up to
= Scooo o - < e ey
Oz R 0.49 pg/mL. The potent activities observed for plant
E @ EEIEEEE 2 £2 2 extracts against mycoplasma organisms may be at-
S A = S - . .
g 2 AN e I % e tributed to the anatomical structure of mycoplasma,
% e ||« |8828 358 which lacks a rigid cell wall. This feature enables the
g g = g SscSsS<s ek plant extracts to diffuse into the mycoplasma microor-
é 3,; 5 CEEE 28% ganisms, thereby causing their growth inhibition or
N Sl-lzzza2 o R death.
— — : — = = = —_ .
g8 SSZE S §T 9 The extracts were analyzed by the previous estab-
K- e .S E = lished criteria which determines that substances with
TE 224 =3 |wEE MIC values <10 pug/mL are considered to have an ex-
-~ £8 o ST S 3 & . . ..
= = EE0 (B88, T0 |22 cellent antibacterial activity, values between 10 and
H = hBAIZEAE 22 O

100 pg/mL are considered good, values between 100
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and 500 pg/mL are considered moderate, values be-
tween 500 and 1000 pg/mL are considered weak and
the substances are considered inactive when MIC val-
ues are above 1000 pg/mL (Ariela Boeder et al.,
2018).

Toldin CRD had the best activity with an MIC of
0.49 to 0.98 pg/mL for all examined isolates. To our
best knowledge, the antibacterial effects of Toldin CRD
have not been described yet. It is possible that the
strong antimycoplasmal activity of Toldin CRD may be
explained by the presence of many active compounds,
which are powerful bacteriolytic agents such as alium-
cepa, ginger, cinnamon, oregano, circumin, liqurice and
anise oils and propolis. The antibacterial activities of
these compounds were identified previously against a
large variety of pathogenic bacteria (Nabavi et al., 2015;
Ariela Boeder et al., 2018).

Strong antimycoplasmal capacities were also deter-
mined for both clove and cinnamon oils against both
MG and MS isolates. In connection with previous
researches performed on other Mycoplasma species,
euganol; a major ingredient of the clove oil and cin-
namon possessed bactericidal activities against M. ho-
minis in Czech Republic (Sleha et al., 2014). One of
the most remarkable results of the present study was
the pronounced antibacterial property of cumin against
screened mycoplasma isolates with an MIC value of
0.98 to 3.91 pg/mL. There are several studies affirmed
that cumin exhibited a significant antimicrobial activity
against pathogenic bacteria including Bacillus subtilis,
E. coli, S. aureus, P. aeruginosa, K. pneumonea, Strept.
feacalis, and S. Typhimurium (Liu et al., 2017; Owen
et al., 2019). However, this is the first research that eval-
uates the antibacterial activity of cumin against bacte-
ria without cell wall like mycoplasma.

As our data show (Table 4), conventional microdi-
lution results exhibited a remarkable deviation when
initial and final readings were compared. Only in the
case of 6 antibiotics (tylvalosin, tilmicosin, doxycycline,
chlortetracycline, lincomycin, and tiamulin), initial and
final MICs exhibited up to 3-fold differences among
MG isolates, although it did not alter the interpreta-
tion of the data. On the other hand, final MICs for
enrofloxacin and lincomycin differed from those of the
initial ones among each of MG2 and MS isolates. The
observed MIC differences of these antibiotics lead to
the re-categorization of these isolates from susceptible
to resistant during interpretation of the results. These
results are consistent with a previous report carried out
in Germany, where the final MICs for enrofloxacin dif-
fered from that of the initial ones including changes
of the profile from sensitive to resistant among most
of MS isolates (Landman et al., 2008). The discrep-
ancies may be attributed to the inactivation of the
used antibiotics with the continued incubation time
(Brunner and Laber, 1985). Therefore, the initial MIC
values are advised to be taken into consideration in the
interpretation of the susceptibility results due to these
values compare the growth of each mycoplasma isolate
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in the presence and absence of tested substances rather
than determining the endpoint at a fixed time (Hannan,
2000).

According to our results, various susceptibility rates
of MG and MS isolates were observed against the eight
antibiotics. Macrolides proved to have good in vitro ef-
fectiveness against both MG and MS isolates with lower
MIC values ranging from 0.015 to 0.25 pg/mL. Lower
MIC values for macrolides were also reported in pre-
vious examinations (Eissa et al., 2009; Forrester et al.,
2011; Hassan et al., 2012; Khalil et al., 2018; Huang
et al., 2019) supporting the use of these antibiotics
for treatment of mycoplasmas infecting poultry in the
field.

Among macrolides group, tylvalosin was the most ef-
fective drug against both MG and MS isolates with an
MIC range of 0.015 to 0.031 pg/mL. This finding is in a
complete agreement with other research results in Iran
(Behbahan et al., 2008), UK (Forrester et al., 2011)
and Europe (Kreizinger et al., 2017). This could be at-
tributed to the recent introduction of tylvalosin as a
newer antibiotic against MG and MS isolates in Egypt.
Our field experience supports this finding.

In the present investigation, DNA loads of both MG
mgc2 and MS vlhA genes were markedly decreased upon
treatment with majority of the tested antimicrobials
confirming the good effectiveness of these compounds.
The MICs determined using qRT-PCR were almost
similar to those obtained by conventional broth mi-
crodilution method. Only, a previous report in Japan
was carried out to determine antibiotic susceptibil-
ity testing of M. genitalium by TagMan 5 nuclease
qRT-PCR assay (Hamasuna et al., 2005). Recently, as-
sessing the inhibitory effects of antibiotics using qRT-
PCR assay has been also described on common clin-
ically relevant bacterial species such as S. aureus, E.
coli and Haemophilus influenzae in France (Rolain
et al., 2004).

In conclusion, the current study showed that Toldin
CRD and tylvalosin possessed strong in vitro antimy-
coplasmal activities against both MG and MS field iso-
lates. The MIC values determined using qRT-PCR were
almost similar to those obtained by the conventional
broth microdilution method. However, molecular de-
tection of antimicrobial susceptibility using qRT-PCR
could be more sensitive than phenotypic methods.
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