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PHENOTYPING SCHEME TO DIFFERENTIATE 
EMERGING BRUCELLA SP. FROM CLASSICAL 

SPECIES 
 
Conventional phenotyping of new emerging Brucella was performed using available isolates from FLI. 
Conventional bacteriological methods were used, which are also applied for phenotyping of classical 
Brucella species. These methods are Gram-staining, CO2 – requirement, hemolysis, oxidase reaction, 
motility, catalase reaction, H2S production, urease-reaction, Crystal violet staining, growth on Basic 
fuchsin, growth on thionin, lysis by phages, agglutination in monospecific sera (A, M, R) and 
agglutination in a brucellosis positive control serum.  
 
Table 1: Phenotyping results of new emerging and classical Brucella sp. 
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09RB8471 Brucella like frog neg no neg yes pos pos pos pos s pos pos neg neg neg neg neg neg neg neg 
13RB5064 Brucella like frog neg no neg yes pos pos pos pos r pos pos neg neg neg neg neg neg neg neg 
14RB5420 Brucella like frog neg no neg yes pos pos pos pos r pos pos neg neg neg neg neg neg neg neg 

18RB16866 Brucella like frog neg no neg yes pos pos pos pos r pos pos neg neg neg neg neg neg neg neg 
20RB21708 Brucella like frog neg no neg yes pos pos neg pos r pos pos neg neg neg neg neg neg neg neg 
20RB22556 Brucella like frog neg no neg yes pos pos neg pos r pos pos neg neg neg neg neg neg neg neg 
20RB22606 Brucella like frog neg no neg yes pos pos neg pos r pos pos neg neg neg neg neg neg neg neg 
10RB9205 Brucella like frog neg no neg yes pos pos pos pos s pos pos neg neg neg neg neg neg neg neg 
10RB9206 Brucella like frog neg no neg yes pos pos pos pos s pos pos neg neg neg neg neg neg neg neg 
10RB9207 Brucella like frog neg no neg yes pos pos pos pos s pos pos neg neg neg neg neg neg neg neg 
10RB9208 Brucella like frog neg no neg yes pos pos pos pos s pos pos neg neg neg neg neg neg neg neg 
10RB9209 Brucella like frog neg no neg yes pos pos pos pos s pos pos neg neg neg neg neg neg neg neg 
10RB9210 Brucella like frog neg no neg yes pos pos pos pos s pos pos neg neg neg neg neg neg neg neg 
10RB9211 Brucella like frog neg no neg yes pos pos pos pos s pos pos neg neg neg neg neg neg neg neg 
10RB9212 Brucella like frog neg no neg yes pos pos pos pos s pos pos neg neg neg neg neg neg neg neg 
10RB9213 Brucella like frog neg no neg yes pos pos pos pos s pos pos neg neg neg neg neg neg neg neg 
10RB9214 Brucella like frog neg no neg yes pos pos pos pos s pos pos neg neg neg neg neg neg neg neg 
10RB9215 Brucella like frog neg no neg yes pos pos pos pos s pos pos neg neg neg neg neg neg neg neg 
10RB9216 Brucella like frog neg no neg yes pos pos pos pos s pos pos neg neg neg neg neg neg neg neg 
10RB9217 Brucella like frog neg no neg yes pos pos pos pos s pos pos neg neg neg neg neg neg neg neg 
09RB8910 Brucella like frog neg no neg yes pos pos pos pos r pos pos neg neg neg neg neg neg neg neg 
09RB8915 Brucella like frog neg no neg yes pos pos neg pos r pos pos neg neg neg neg neg neg neg neg 
06RB0264 B. microti Common Vole neg no neg no pos pos pos pos s pos pos neg pos neg pos pos pos pos pos 
09RB4616 B. ceti Dolphin neg no neg no pos pos neg pos r pos pos pos neg neg neg neg neg neg pos 
09RB4620 B. pinnipedialis Seal neg yes neg no pos pos neg pos r pos pos pos pos pos pos pos pos pos pos 
09RB4625 B. suis 2 Wild boar neg yes neg no pos pos neg pos s pos neg pos neg pos neg neg neg neg pos 
03RB0217 B. suis 1330 reference neg no neg no pos pos pos pos s pos neg pos neg neg pos n.d. neg pos pos 
10RB9822 B. vulpis Fox neg no neg no pos pos neg pos s pos pos pos neg neg pos pos pos pos pos 
03RB0215 B. abortus 544 reference neg yes neg no pos pos pos pos s neg pos pos neg neg pos n.d. pos pos pos 
03RB0216 B. melitensis 16M reference neg no neg no pos pos neg pos s neg pos neg pos neg pos n.d. neg neg pos 
03RB0213 B.canis RM 6/66 reference neg no neg no pos pos neg pos r pos neg neg neg pos neg n.d. neg neg n.d. 
03RB0215 B. ovis 63/290 reference neg yes neg no neg neg neg  pos r pos neg neg neg pos neg n.d. neg neg n.d. 

 
In addition to these more classical phenotyping methods, studies were performed on the metabolic 
activity of new emerging Brucella in comparison with classical Brucella. Hence, we performed substrate 
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utilization experiments in defined minimal medium supplemented with a single carbon or other energy 
source. This minimal medium was modified from the medium published by Plommet containing solely 
salts as well as vitamins and did not significantly promote the growth of any tested Brucella strain 
[Plommet 1991]. Subsequent bacterial growth was determined by measuring the optical density at 600 
nm (OD600) after adding various single energy/carbon sources to the minimal medium. 
Based on the results of the studies and knowing that the number of new emerging brucella examined is 
statistically insufficient for a conclusive evaluation, we have selected methods that seem particularly 
suitable to us and which should also be used in the future for typing new isolates. This would allow 
ongoing validation of these methods for their suitability.  
Any isolate that cannot be readily classified as classical Brucella should at least be tested for motility 
and agglutination with brucellosis positive reference serum or/and monospecific sera. Furthermore, lysis 
with Brucella specific phages is an important classification criterion. Additionally, metabolic phenotyping 
can be performed to determine the metabolic activity of newly isolated non-classical Brucella. Our 
experimental setup identified several substrates that allowed the distinction between the former 
Ochrobactrum and the atypical Brucella species, a feature that could potentially be used for diagnostics. 
Only O. anthropi and O. intermedium but none of the tested atypical Brucella isolates proliferated with 
citric acid, gluconic acid and mannitol as sole carbon and energy source in the defined minimal medium. 
In contrast, all tested atypical Brucella isolates but not the former O. anthropi and O. intermedium 
species were able to grow on adipic acid as sole carbon and energy source. 

1. Motility testing 

The motility test is performed on 25 ml of a semi-solid culture medium (pH: 7.0) in a Petri dish containing 
25 g nutrient broth (e.g. SIFIN, order number TN1172), 28 g brucella broth (e.g. BD, order number 
211088), 37 g brain heart infusion broth (e.g. Merck, order number 1.10493) and 0.05 g 
Triphenyltetrazolium chloride (e.g. Merck, order number 108380) per 1 liter deionized water. The 
Triphenyltetrazolium chloride must be added after cooling the sterilized culture medium solution to ca. 
45°C. The isolate to be tested is spotted in the center of the Petri dish and incubated at 37 °C and 5% 
CO2. The result should be read after 24 h, 48 h and if necessary 72 h. A motile and a non-motile bacterial 
control should be included. 
Figure 1: Result of motility testing after 48 h 

 
 

2. Phage typing 

Phage typing  can be performed according to the specifications from the literature (Alton et al.; 1988). 
Different specific phages (e.g. Tbilisi phage and Weybridge phage) in different dilutions could be used. 
Based on phage lysis, brucella can be typed. In our study during the project, the new emerging brucella 
were not lysed by any of the available phages in any of the commonly used concentrations. 
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Figure 2: B. abortus lysis by Tbilisi and Weybridge phage at different concentrations 

 
 

3. Agglutination with monospecific sera or brucellosis positive reference serum 

Agglutination with monospecific sera is another important method to type brucella. This method is also 
described in the literature (Alton et al.; 1988). Based on this result Brucella species could be typed up 
to biovar level.   
In our studies, none of the new emerging brucella isolates reacted with any of the monospecific sera. In 
addition, the tests with a brucellosis-positive reference serum did not show any reaction. All other 
classical brucella species tested reacted positively with the reference serum. 

4. Metabolic phenotyping 

Unfortunately, since the most suitable commercial assay methods are no longer available, metabolic 
phenotyping had to be performed by alternative means. As applied in this project, it is a labor-intensive 
and complex process. It may be possible to adapt and simplify individual parts of the study to the extent 
that they can be performed in a less specialized laboratory. This would require further experiments. 
Therefore, we show here only a brief overview of the method and expected results when using it. 
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Figure 3: Alternative approach for phenotyping of Brucella spp. based on metabolic data. Growth 
kinetics of Brucella isolates in modified(*) Plommet minimal medium substituted with a single energy 
source to identiy the maximum growth (maximum optical density at 600nm) of the respective isolates in 
the substrates of interest. Parts of this figure were created with Servier Medical Art, provided by Servier, 
licensed under a Creative Commons Attribution 3.0 unported license. 
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Table 2: Substrate dependent growth of typical, atypical Brucella and former Ochrobactrum spp. Growth 
(black) and no growth (white) is defined as OD600 >0.5 and <0.2, respectively. Poor growth (grey) is 
defined as OD600 between 0.2 and 0.5. C – control media. 

 
 

O
. i

nt
er

m
ed

iu
m

O
. a

nt
hr

op
i

B.
 in

op
in

at
a

 B
01

B.
 in

op
in

at
a-

lik
e

 B
02

B.
 s

p.
 N

F2
62

7

B.
 v

ul
pi

s 
F6

0

B.
 p

ap
io

ni
s 

F8
/0

8-
60

B.
 a

bo
rt

us
 5

44

B.
 m

el
ite

ns
is

 1
6M

B.
 s

ui
s 

13
30

B.
 s

ui
s 

51
3

B.
 c

an
is

 R
M

6/
66

736 743 173 174 507 508 510 516 528 368 747 748 751 533 656 406 001 180 549 654 083

Brucel la  broth 3.895 3.310 2.359 2.718 3.300 3.400 3.400 3.400 3.400 3.948 2.795 1.797 1.785 1.501 1.052 1.623 1.661 1.415

Minimal  medium 0.059 0.074 0.063 0.061 0.071 0.185 0.290 0.217 0.195 0.069 0.057 0.052 0.065 0.054 0.054 0.049 0.068 0.043

Arabinose 1.510 1.793 1.700 1.902 2.230 2.170 2.140 1.920 1.870 2.027 1.823 0.054 0.093 0.061 0.054 0.069 0.098 0.053

Fructose 1.847 2.163 1.174 0.751 1.623 0.610 1.970 1.240 1.870 2.430 0.768 0.058 0.086 0.066 0.076 0.072 0.066 0.052

Fucose 2.110 2.403 1.279 0.996 2.423 1.960 2.040 2.280 2.580 2.600 0.070 0.060 0.114 0.038 0.047 0.048 0.072 0.033

Glucose 1.863 2.620 1.429 1.254 2.540 2.460 2.240 3.230 3.230 2.413 1.900 0.084 0.153 0.141 0.060 0.077 0.084 0.063

Maltose 1.780 2.403 1.952 2.323 2.303 2.290 2.280 2.220 2.210 2.437 0.048 0.047 0.052 0.054 0.069 0.061 0.117 0.048

Mannose 1.567 1.887 1.323 1.657 1.946 2.290 2.050 2.210 2.210 2.307 1.673 0.058 0.069 0.056 0.068 0.058 0.061 0.029

Rhamnose 1.960 2.453 1.034 1.123 0.061 0.405 0.651 0.180 2.050 0.074 0.069 0.059 0.071 0.051 0.039 0.060 0.075 0.041

Sucrose 1.903 2.487 2.032 2.080 2.447 2.130 2.020 2.070 1.700 2.463 0.057 0.040 0.055 0.060 0.066 0.079 0.116 0.052

Erythri tol 1.960 2.097 1.402 1.301 2.207 1.730 1.860 1.880 1.690 2.347 0.907 0.337 0.138 0.069 0.073 0.063 0.084 0.050

Glycerol 0.606 1.300 0.830 1.014 0.414 0.476 0.855 0.830 0.915 0.880 0.223 0.153 0.129 0.081 0.061 0.076 0.084 0.060

Inos i tol 1.346 1.859 0.998 1.001 0.092 0.245 2.220 1.980 1.840 0.054 0.080 0.065 0.085 0.067 0.075 0.069 0.067 0.036

Mannitol 1.224 1.983 0.073 0.088 0.063 0.107 0.082 0.198 0.099 0.055 0.057 0.075 0.078 0.053 0.063 0.068 0.060 0.043

Sorbitol 1.086 2.237 0.072 0.082 0.058 0.111 0.165 0.097 1.720 0.056 0.053 0.065 0.096 0.044 0.050 0.042 0.060 0.040

Gluconic acid 1.363 2.257 0.052 0.065 0.077 0.132 0.085 0.089 0.116 0.065 0.061 0.081 0.079 0.071 0.072 0.056 0.085 0.058

Adipic acid 0.072 0.099 1.421 1.142 1.998 1.020 0.933 1.010 1.620 1.507 0.955 0.076 0.085 0.039 0.048 0.036 0.049 0.039

Pyruvic acid 1.353 1.547 0.630 0.748 1.274 1.450 1.128 1.260 1.100 1.492 0.806 0.063 0.103 0.053 0.052 0.061 0.083 0.048

Lactic acid 0.964 1.211 0.926 0.998 1.006 0.931 0.996 0.975 0.923 1.026 0.882 0.067 0.155 0.087 0.065 0.059 0.226 0.042

Citric acid 1.667 2.303 0.070 0.149 0.057 0.081 0.071 0.090 0.090 0.062 0.057 0.056 0.071 0.078 0.078 0.061 0.109 0.039

α-Ketoglutaric acid 1.366 1.811 0.810 0.755 0.801 2.410 2.190 1.860 1.750 1.190 0.123 0.063 0.086 0.085 0.061 0.051 0.111 0.054

Succinic acid 1.233 1.660 1.773 1.548 1.443 1.520 2.030 1.440 1.440 1.553 0.091 0.062 0.075 0.064 0.058 0.076 0.112 0.042

Fumaric acid 0.954 1.156 1.201 1.029 1.031 1.540 1.410 1.400 1.820 0.500 0.071 0.067 0.074 0.075 0.078 0.057 0.069 0.044

Mal ic acid 1.247 1.587 1.075 1.052 1.086 1.840 1.620 1.550 1.350 1.273 0.076 0.085 0.097 0.080 0.064 0.082 0.152 0.052

Ectoine 1.653 1.910 0.079 0.067 2.100 1.960 1.750 1.750 1.670 0.074 0.067 0.052 0.061 0.067 0.048 0.052 0.072 0.052

Alanine 0.198 0.240 0.071 0.074 0.198 0.284 0.292 0.227 0.228 0.226 0.068 0.057 0.068 0.076 0.072 0.064 0.083 0.060

Arginine 0.744 1.240 0.992 0.951 0.864 0.894 1.050 1.040 0.882 0.950 0.243 0.070 0.079 0.048 0.060 0.048 0.087 0.049

Asparagine 1.277 1.280 0.767 0.853 0.436 0.964 1.030 0.608 0.956 1.077 0.141 0.060 0.071 0.081 0.059 0.069 0.092 0.056

Aspartic acid 1.203 1.312 0.332 0.684 0.124 0.175 0.203 0.361 0.308 0.659 0.063 0.075 0.074 0.052 0.059 0.075 0.091 0.064

Cysteine 0.107 0.076 0.070 0.079 0.044 0.501 0.832 0.584 0.662 0.089 0.064 0.048 0.050 0.068 0.057 0.075 0.062 0.058

Glutamic acid 1.532 1.842 1.077 1.180 1.706 1.400 1.530 1.530 1.640 2.009 0.471 0.066 0.115 0.061 0.063 0.060 0.116 0.047

Glutamine 1.273 0.695 0.829 0.889 0.433 0.464 0.858 0.468 1.065 1.223 0.060 0.052 0.065 0.043 0.045 0.059 0.070 0.031

Glycine 0.126 0.141 0.069 0.061 0.114 0.346 0.640 0.705 0.770 0.119 0.057 0.062 0.061 0.056 0.057 0.067 0.085 0.057

Histidine 0.775 1.012 0.986 0.927 1.030 1.070 1.450 1.760 1.180 1.095 0.084 0.063 0.063 0.058 0.055 0.071 0.085 0.047

Isoleucine 0.361 0.456 0.282 0.363 0.182 0.981 0.542 0.820 0.649 0.365 0.056 0.069 0.069 0.070 0.075 0.064 0.094 0.053

Leucine 0.537 0.567 0.594 0.727 0.283 0.294 0.319 0.356 0.400 1.171 0.054 0.143 0.091 0.060 0.063 0.075 0.081 0.052

Lys ine 0.219 0.261 0.483 0.574 0.065 0.436 0.750 0.651 0.508 1.548 1.397 0.044 0.046 0.072 0.058 0.055 0.094 0.032

Methionine 0.061 0.085 0.069 0.071 0.077 0.145 0.088 0.105 0.122 0.058 0.049 0.069 0.066 0.062 0.070 0.063 0.075 0.050

Prol ine 1.913 2.423 1.179 1.317 1.783 1.540 1.160 1.230 1.940 2.307 0.667 0.067 0.084 0.080 0.087 0.067 0.074 0.046

Serine 0.898 1.155 0.690 0.561 0.796 0.695 0.906 0.946 0.880 1.198 0.204 0.053 0.095 0.066 0.048 0.049 0.089 0.048

Threonine 0.814 0.904 0.299 0.234 0.176 0.245 0.295 0.210 0.335 0.078 0.071 0.056 0.054 0.063 0.062 0.050 0.098 0.041

Val ine 0.082 0.106 0.294 0.221 0.062 0.287 0.100 0.236 0.063 0.068 0.064 0.075 0.078 0.059 0.068 0.072 0.078 0.064
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