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Influence of the incubation conditions on culture media to optimize 
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Abstract

The isolation of Mycobacterium bovis is critical to a surveillance system for bovine tuberculosis based 
on detection of lesions in abattoirs. Thus, four solid culture media and three incubation conditions were 
investigated to elucidate which combination overcomes the others by assessing growth, time to the 
first appearance of colonies and their number. Ninety-seven samples of granulomatous lesions were 
submitted to the decontamination procedure by 1-hexadecylpyridinium chloride at 0.75% w/v, and 
inoculated on two egg-based media, Stonebrink’s (ST) and Löwenstein-Jensen’s with sodium pyruvate 
(LJp), and two agar-based media, tuberculosis blood agar (B83) and Middlebrook 7H11 medium (7H11). 
Each medium was incubated at 37°C for 90 days in three incubation conditions: in air, in air containing 
10% carbon dioxide (CO2), and in air in slopes closed with burned hydrophobic cotton and subsequently 
plugged with a cork to create a microaerophilic atmosphere. The colonies appeared faster and in higher 
number when incubated in air containing 10% CO2 (p < 0.01), independent of media. B83 showed a 
faster growth and detected more isolates at 30 days of incubation, when compared to ST (0.0178), LJp 
(p < 0.0001) and 7H11 (p < 0.0001), though there was no difference between B83, ST and LJp at 60 and 
90 days of incubation. 7H11 presented the lowest number of isolates (p < 0.0001) and a longer period 
for the appearance of the first colony (p < 0.001). According to our findings, the concomitant use of 
ST and B83 media incubated in air containing 10% CO2 increases the isolation of M. bovis in a shorter 
period of time, which improves bovine tuberculosis diagnosis.
Key words: Primary isolation. Bovine tuberculosis. Mycobacterium bovis. Culture media. Incubation 
conditions.

Resumo

O isolamento do Mycobacterium bovis é fundamental para um sistema de vigilância para tuberculose 
bovina baseado na detecção de lesões em abatedouro. Assim, quatro meios de cultura sólidos e três 
condições de incubação foram investigados para elucidar qual combinação supera as outras através 
da avaliação de crescimento, tempo para o aparecimento da primeira colônia e número de colônias. 
Noventa e sete amostras de lesões granulomatosas foram submetidas ao processo de descontaminação 
por cloreto de 1-hexadecilpiridínio a 0,75%, e inoculadas em dois meios a base de ovo, Stonebrink (ST) 
e Löwenstein-Jensen com piruvato de sódio (LJp), e dois meios a base de ágar, ágar sangue tuberculose 
(B83) e Middlebrook 7H11 (7H11). Cada meio foi incubado a 37°C por 90 dias, em três condições de 
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incubação: em atmosfera normal, em atmosfera com acréscimo de 10% de dióxido de carbono (CO2), 
e em atmosfera normal em tubos fechados com algodão hidrófobo queimado e subsequentemente 
fechado com rolha para criar uma atmosfera microaerófila. As colônias apareceram mais rapidamente 
e em maior número quando incubadas em atmosfera com 10% de CO2 (p < 0,01), independente dos 
meios. As micobactérias cresceram em maior abundância e mais rapidamente no meio B83 aos 30 
dias de incubação, comparado a ST (0,0178), LJp (p < 0,0001) e 7H11 (p < 0,0001), apesar de não ter 
havido diferença entre B83, ST e LJp aos 60 e 90 dias de incubação. 7H11 exibiu o número mais baixo 
de isolados (p < 0,0001) e um período mais longo para o aparecimento da primeira colônia (p < 0,001). 
De acordo com nossos resultados, o uso concomitante dos meios ST e B83, incubados em atmosfera 
com acréscimo de 10% de CO2, aumenta a proporção de isolados e o número de UFC de M. bovis, 
além de abreviar o tempo para aparecimento das primeiras colônias, melhorando o diagnóstico direto 
de tuberculose.
Palavras-chave: Primo isolamento. Tuberculose bovina. Mycobacterium bovis. Meios de cultura. 
Condições de incubação.

Introduction

Mycobacterium bovis is the causative agent of 
bovine tuberculosis, a well-known zoonosis with 
great socio-economic impact and public health 
issues. In Brazil, recent studies carried out in 13 
States, which hold 75% of the Brazilian cattle 
population, showed prevalence of tuberculosis 
infected herds among 0.36%, in the Federal District, 
and 9.0%, in São Paulo (BAHIENSE et al., 2016; 
BARBIERI et al., 2016; DIAS et al., 2016; GALVIS 
et al., 2016; GUEDES et al., 2016; LIMA et al., 
2016; NÉSPOLI et al., 2016; QUEIROZ et al., 2016; 
RIBEIRO et al., 2016; ROCHA et al., 2016; SILVA 
et al., 2016; VELOSO et al., 2016; VENDRAME 
et al., 2016). The surveillance system based on M. 
bovis isolation from suspected tuberculous lesions 
obtained in abattoirs is quite important for the 
success of the Program of Control and Eradication 
of Animal Brucellosis and Tuberculosis (PNCEBT) 
in Brazil. 

For definitive diagnosis, culture media, 
decontamination procedures and incubation 
conditions have direct influence on primary isolation 
of M. bovis (CORNER, 1994).

Since M. bovis field strains require enriched 
media for growth on primary isolation and minimal 
toxicity of decontaminant reagents (CORNER, 
1994), there are several studies seeking the best 
performance medium (SCHAEFER, 1952; BIRN, 
1965; GALLAGHER; HORWILL, 1977; CORNER; 

NICOLACOPOULOS, 1988; COUSINS et al., 
1989), as well as for the best decontamination method 
(CORNER; TRAJSTMAN, 1988; AMBROSIO et 
al., 2008; CORNER et al., 2012).

The oxygen preference of M. bovis was presented 
in semi-solid medium by growing below the surface 
(LEBEK4, 1959 apud COLLINS; GRANGE, 1983). 
The microaerophilic characteristic has been used as 
one of the classical bacteriology methods to differ 
M. bovis from M. tuberculosis (MARKS, 1972; 
MARKS, 1976; COLLINS et al., 1982). However, 
the carbon dioxide (CO2) requirement in the 
incubation atmosphere is questionable when studies 
without its addition presented growth (COUSINS 
et al., 1989), while others included CO2 and had 
no effect on growth rate or number of colonies 
(CORNER, 1994). 

Despite all investigations, lack of standard 
and controversy exist given that the manual 
of international standard setting of the World 
Organization for Animal Health (OIE) presents 
only suggestions regarding a variety of media, and 
it is not clear about the role of CO2. The aim of the 
present study was to evaluate which combination 
of culture medium and incubation condition would 

4	 LEBEK, G. Dependence of the oxygen optimal 
concentration of both strains of mammalian 
Mycobacterium tuberculosis on the nutritive substrate. 
Zentralblatt für Bakteriologie: International Journal 
of Medical Microbiology, Stuttgart, v. 176, p. 530-537, 
1959.
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improve M. bovis recovery on primary isolation by 
verifying the requirement of CO2 and its effect on 
different solid media.

Material and Methods

Ninety-seven samples of granulomatous lesions 
collected from bovine abattoirs were submitted to 
culture. One gram of each sample was macerated 
in 5 mL sterile 0.85% saline solution. The tissue 
suspension was decontaminated with equal volume 
of 1.5% 1-hexadecylpyridinium chloride at room 
temperature for 30 minutes (AMBROSIO et al., 
2008), then centrifuged at 2300 x g for 20 minutes 
(CORNER; TRAJSTMAN, 1988). The supernatant 
was discarded and the sediment resuspended with 3 
mL sterile 0.85% saline solution. The volume used 
was 0.1 mL in each slope.

Four commonly recommended culture media 
were selected. Two egg-based media, Stonebrink’s 
medium (ST) (CENTRO PANAMERICANO 
DE ZOONOSIS, 1985) and Löwenstein-Jensen’s 
medium with sodium pyruvate (LJp) (CORNER; 
NICOLACOPOULOS, 1988), and two agar-based 
media, tuberculosis blood agar (B83) (CORNER; 
NICOLACOPOULOS, 1988) and Middlebrook 
7H11 medium (7H11) (COUSINS et al., 1989), 
were prepared with amounts of 7.5 mL in slopes 
with screw caps and slopes closed with hydrophobic 
cotton. 

All samples were inoculated in two slopes of each 
medium and incubated at 37ºC in three different 
incubation conditions, totalizing 12 combinations. 
Slopes with loosened screw caps were incubated 
in air (IC-1) and in air containing 10% CO2 (IC-
2), and slopes closed with hydrophobic cotton 
were incubated in air. After 24 hours, the lids 
were tightened, and the cotton was burned and 
subsequently closed with a cork to create a higher 
CO2 tension (IC-3) (ROSÁRIO et al., 2014). The 
incubation continued up to 90 days.

Every three days the slopes were examined 
for growth and time to the first appearance of 
characteristic M. bovis colonies. Number of colonies 
was scored on days 30, 60 and 90 of incubation. 
Ziehl-Neelsen staining was used on colonies 
compatible with mycobacteria. The isolates were 
identified as M. bovis by PCR-restriction fragment 
length polymorphism analysis (PRA) of the hsp65 
gene (TELENTI et al., 1993) and spoligotyping 
methods (KAMERBEEK et al., 1997).

For analysis, the number of colonies average was 
calculated from the two slopes of each sample for 
the 12 possible combinations of medium/incubation 
condition. The total of 300 colonies was adopted 
when they were uncountable (BRASIL, 1993).

The growth of M. bovis colonies was analyzed 
using comparison of proportions test by MedCalc 
program. The time to first appearance and number 
of colonies were analyzed using the Friedman’s 
test, and the Dunn’s test was used for multiple 
comparisons by GraphPad InStat program. 
Differences were considered statistically significant 
at p<0.05.

Results

Out of the 97 samples, M. bovis colonies were 
isolated from 46 (47.4%) for at least one of the 12 
combinations. B83 showed a faster growth, followed 
by ST, with the mean time to the first appearance of 
colonies being 30 days (range: 18-78) and 37 days 
(range: 16-90), respectively. B83 also detected more 
isolates at 30 days of incubation, when compared to 
ST (0.0178), LJp (p<0.0001) and 7H11 (p<0.0001). 
However, there was no difference between B83, ST 
and LJp at 60 and 90 days of incubation (Table 1). 
The numbers of colonies scored on B83, ST and LJp 
were not significantly different, though they were 
superior to 7H11 (p<0.0001). 
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Table 1. Number and percentage of M. bovis isolates at 30, 60 and 90 days of incubation according to culture media.

Days ST (%) LJp (%) 7H11 (%) B83 (%)
30 41 (14.09) 21 (7.22) 11 (3.78) 64 (21.99)
60 70 (24.05) 68 (23.37) 19 (6.53) 77 (26.46)
90 76 (26.12) 73 (25.09) 21 (7.22) 78 (26.80)

Concerning incubation conditions, IC-2 
presented 31 days (range: 16-78) as the mean time to 
the first appearance of colonies, while IC-3 showed 
38 days (range: 21-90) and IC-1 40 days (range: 
27-90). Moreover, IC-2 displayed higher number 
of colonies during all incubation period (p<0.01), 

and increased the detection of isolates at 30 days of 
incubation (p<0.0001) (Table 2).

The type of incubation condition used had 
influence on the egg-based media only at the 
beginning of incubation (30 days), but none on the 
agar-based media (Table 3).

Table 2. Number and percentage of M. bovis isolates at 30, 60 and 90 days of incubation according to incubation 
conditions.

Days IC-1 (%) IC-2 (%) IC-3 (%)
30 33 (8.51) 76 (19.59) 28 (7.22)
60 76 (19.59) 90 (23.20) 68 (17.53)
90 81 (20.88) 94 (24.23) 73 (18.81)

Table 3. Number and percentage of M. bovis isolates at 30, 60 and 90 days of incubation according to culture media 
incubation conditions.

days Egg-based media Agar-based media
IC-1 (%) IC-2 (%) IC-3 (%) IC-1 (%) IC-2 (%) IC-3 (%)

30 11 (5.67) 46 (23.71) 4 (2.06) 22 (11.34) 29 (14.95) 24 (12.37)
60 44 (22.68) 51 (26.29) 42 (21.65) 32 (16.49) 38 (19.59) 26 (13.40)
90 48 (24.74) 54 (27.84) 47 (24.23) 32 (16.49) 40 (20.62) 26 (13.40)

Discussion

The outcome of primary isolation of M. bovis 
depends on the choice among all available culture 
media, decontamination procedures and incubation 
conditions. The chosen combination establishes the 
accuracy potential to bacteriological diagnosis for 
bovine tuberculosis.

Culture media and incubation conditions data 
were analyzed separately to better assess each factor. 

Overall B83, ST, LJp presented the best results 
compared to 7H11, in complete contrast to the 
findings of Gallagher and Horwill (1977). 

B83 and ST exhibited similar results in terms 
of faster detection, which supports Corner’s (1994) 
data from studies using 491 samples, though 
other investigations showed lower time to first 
appearance of colonies on 7H11 (COUSINS et al., 
1989; CORNER et al., 2012) and Middlebrook 
7H11 medium with addition of antibiotics 
(GALLAGHER; HORWILL, 1977; CORNER; 
NICOLACOPOULOS, 1988).

The number of isolates and colonies were higher 
on B83, ST and LJp, confirming findings of previous 
studies (CORNER; NICOLACOPOULOS, 1988; 
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COUSINS et al., 1989). According to our data, seven 
M. bovis isolates grew only on ST, five only on LJp 
and four only on B83. A resembling event occurred 
in Cousins et al., 1989 results, which presented 20 
isolates on B83 and seven on Stonebrink’s medium.

Higher concentration of CO2 is recommended as 
growth factor for M. bovis, once it is classified as 
microaerophilic (COLLINS et al., 1982). Although 
solid media assays on this matter are rare, some 
studies were performed under incubation in air 
containing CO2 (GALLAGHER; HORWILL, 
1977; CORNER; NICOLACOPOULOS, 1988; 
CORNER; TRAJSTMAN, 1988; CORNER, 
1994), despite no agreement or consistence on the 
concentration applied. 

The attempt to create a microaerophilic 
atmosphere by burning hydrophobic cotton and 
closing the slope with a cork was proven to be 
ineffective to promote M. bovis growth.

Through incubation with controlled atmosphere, 
we demonstrated that 30 days incubation in air 
containing 10% CO2 increased detection of M. 
bovis isolates on egg-based media, but not on agar-
based media. These results partially corroborate 
with (Corner, Lund and Kyrwult5’s apud CORNER; 
NICOLACOPOULOS, 1988) statement about 
incubation with 5% CO2 increasing M. bovis growth 
on egg-based media and decreasing it on agar-based 
media.

Interestingly, the best performance of B83, ST 
and LJp was in presence of CO2 regarding higher 
proportion of isolates and number of colonies, and 
faster detection. 

Conclusion

The present study provides strong evidence 
demonstrating the advantages of CO2 on primary 
isolation of M. bovis in solid culture media, 
particularly egg-based ones. The early diagnosis 
will improve detection of bovine tuberculosis 
5	 CORNER; LUND; KYRWULT. Unpublished data [s.d.].

assisting the PNCEBT in Brazil. Therefore, the 
use of Stonebrink’s and B83 media, in parallel, 
incubated in air containing 10% CO2 for at least 90 
days is recommended to obtain a more effective and 
sensitive M. bovis detection.
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