
de referencia para la identificación de microorganismos en 
los servicios de Microbiología Clínica. Se estudiaron 151 aisla-
mientos clínicos procedentes de muestras respiratorias que se 
identificaron rutinariamente como Streptococcus pneumoniae 
(43), Haemophilus influenzae (64) y Moraxella catarrhalis (44). 
Estos resultados se compararon con otros métodos fenotípicos 
y espectrometría de masas (MALDI-TOF Vitek-MS). Las discre-
pancias en los resultados se valoraron mediante secuenciación 
del ARNr 16S.

Treinta y ocho de las 43 cepas de S. pneumoniae (86%) fue-
ron identificadas como tales tanto por métodos bioquímicos 
como por espectrometría. En 5 casos MALDI-TOF identificó 4 
como Streptococcus pseudopneumoniae y 1 como S. mitis/ora-
lis. Cuarenta y ocho de las 64 cepas fueron identificadas como 
H. influenzae (75%) al utilizar galerías comerciales y sistemas 
automáticos, mientras que MALDI-TOF identifica como tales a 
51 cepas (79%). Los métodos convencionales y la espectrome-
tría identificaron como M. catarrhalis las 40 cepas estudiadas 
(100%). Todas las cepas con resultados discrepantes fueron se-
cuenciadas, confirmándose en todos los casos la identificación 
obtenida por espectrometría. Los resultados obtenidos en este 
estudio demuestran que la espectrometría de masas ofrece una 
identificación de estas bacterias más rápida y fiable que la ba-
sada en métodos convencionales.

INTRODUCTION

Classic cultivable bacterial pathogens in acute respiratory 
infections mainly include Streptococcus pneumoniae, Haemo-
philus influenzae and Moraxella catarrhalis. Their identifica-
tion in respiratory secretions, bronchial aspirates, etc., includes 
a serial of conventional phenotypic tests that usually allow di-
agnosis within 24-48 hours. In order not to delay  the identifi-
cation response too long, these phenotypic schemes are limit-
ed to using specific techniques such as sensitivity to optochin, 
bile solubility, growth on chocolate agar and lack of growth on 
blood agar plates or detecting butyrate esterase and oxidase 
respectively for each of the three microorganisms discussed1,2. 
Therefore, the ability to identify species closest to but other 
than the above, such as S. pseudopneumoniae, H. parainfluen-

ABSTRACT

Mass spectrometry has become a reference resource for 
identifying microorganisms in clinical microbiology services. 
One hundred and fifty one clinical isolates were selected from 
respiratory specimens routinely identified as Streptococcus 
pneumoniae (43), Haemophilus influenzae (64) and Moraxel-
la catarrhalis (44). These identifications were compared with 
other phenotypical methods and mass spectrometry (MALDI 
-TOF -MS Vitek). Result discrepancies were assessed by 16S rR-
NA sequencing.

Thirty-eight of the 43 strains of S. pneumoniae (86%) 
were identified as such using phenotypical methods and 
spectrometry. In 5 cases, MALDI-TOF identified 4 of them as 
Streptococcus pseudopneumoniae and 1 as S. mitis/oralis. 
Forty-eight of the 64 strains were identified as H. influenzae 
(75%) using biochemical identification systems and automat-
ed identification systems, whereas MALDI-TOF-MS Vitek iden-
tified 51 strains (79%) as such. Conventional methods and 
spectrometry identified all the 40 strains tested (100%) as M. 
catarrhalis. All strains with discrepant results were sequenced, 
and in all cases, the identification obtained by spectrometry 
was confirmed. The results obtained in this study show that 
mass spectrometry provides identification of these bacteria 
faster and in a more reliable way than those based on conven-
tional phenotypical methods.

La espectrometría de masas en la identificación 
de patógenos respiratorios bacterianos: un 
método rápido y eficaz

RESUMEN

La espectrometría de masas se ha convertido en un recurso 
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zae, and other genera and species close to Moraxella catarrh-
alis, is usually not covered by the usual routine and only takes 
place in specially selected strains for epidemiological or clinical 
interest.

Mass spectrometry, using matrix-assisted laser soft ion-
ization desorption/ionization techniques including mass ana-
lyzer known as “time of flight” (MALDI-TOF ) has been incor-
porated less than ten years ago in the microbiology laboratory 
especially aimed at characterizing microbial protein in order to 
make a rapid and reliable diagnosis3,4 although the proof-of-
concept that mass spectrometry could identify crude bacteria 
was established over 30 years ago5. Although these proteomic 
techniques are not yet fully implemented, it is clear that they 
offer attractive opportunities in securing and advancing mi-
crobial diagnosis. However, using them has uncovered some 
limitations, mainly in differentiating bacterial species that 
are very close structurally and genomically, as in the case of 
S. pneumoniae and other alpha haemolytic streptococci that 
share the same habitat6.

This paper is aimed at assessing this proteomic test, com-
pared with others that show different phenotypic and geno-
typic characteristics, for characterizing the three classic bacte-
rial pathogens isolated from respiratory samples.

MATERIAL AND METHODS

Microorganisms. Forty-three alpha haemolytic strep-
tococci, 64 gram-negative small coccobacilli and 44 gram 
negative diplococci isolated from respiratory secretions from 
patients at our hospital during 2012, were presumptively iden-
tified as S. pneumoniae, H. influenzae or M. catarrhalis respec-
tively, based on the results obtained by Gram staining, catalase 
production, sensitivity to optochin, growth on blood agar / 
chocolate agar and oxidase and butyrate esterase production.

Isolates. Respiratory samples were cultured on blood 
agar and chocolate agar (bioMérieux, France) and incubated at 
35°C in atmosphere of 5% of CO2 for isolating and identifying 
the said organisms.

Sensitivity to optochin. Blood agar plates were inocu-
lated with alpha haemolytic colonies obtained in the previous 
cultures and a 5 µg optochin disk was placed in the centre on 

the inoculated area. These subcultures were incubated for 24 
hours at 35°C in an atmosphere of 5% CO2. Optochin sensitiv-
ity was defined as a zone of inhibition ≥ 14 mm in diameter.

Bile solubility test. A 0.5 mL of 2% deoxycholate was 
added to 0.5 mL suspensions of each isolate prepared in phos-
phate-buffered saline (PBS) and incubated at 35ºC for 2 h. A 
positive test was indicated by visible clearing of suspension 
(Keith 2006)

Biochemical identification systems. RapID STR (bi-
oMérieux, France) and RapID NH (Remel, USA) systems for 
streptococci and for Haemophilus and Moraxella respectively 
were inoculated, incubated and interpreted in accordance with 
the manufacturer’s criteria.

Latex agglutination. Slidex agglutination with pneu-
mo-Kit (bioMérieux, France) for identification of S. pneumoni-
ae from previous cultures were performed following the man-
ufacturer’s instructions

Immunochromatographic detection of antigens. Im-
munochromatographic devices NOW S. pneumoniae antigen 
test (Binax, USA) for the detection of cell wall polysaccharide 
of pneumococci were inoculated from previous cultures. Al-
though this test is designed for urine or other sterile fluids, 
it was carried out following the manufacturer’s instruction to 
suit the purpose of this study.

Oxidase production. Tetramethyl phenylenediamine dihy-
drochloride disks (Sigma-Aldrich, Switzerland) were impregnat-
ed with the contents of a loop of culture from blood agar plates. 
The violet colour after 2 minutes indicated a positive reaction.

Production of tributyrin esterase. TRIBU strips (Sigma, 
USA) were impregnated with the contents of a loop of culture 
from blood agar plates. A yellow product of acidification indi-
cated a positive result.

VITEK-2. Identification cards ID-GPC (bioMérieux, France) 
for streptococci and ID-NH (bioMérieux, France) for Haemo-
philus and Moraxella were used for the identification of mi-
croorganisms according to manufacturer standards.

Identification by MALDI-TOF MS. Plate preparation, 
mass spectra generation and the combined process were per-
formed according to the standards previously described for the 
Vitek MS system (bioMérieux, France)7, using an Axima Assur-
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Table 1	� Identification of 5 streptococci by different methods.

Strain RapID STR VITEK-2 MALDI-TOF Sequencing
Latex 

Aglutinat
Inmunochromatografic Bile test

10S S. pneumoniae S. pneumoniae S. pseudopneumoniae S. pseudopneumoniae S. pneumoniae S. pneumoniae Not soluble

14S S. pneumoniae S. constellatus S. mitis/oralis S. mitis/oralis S. pneumoniae S. pneumoniae Not soluble

33S S. pneumoniae S. pneumoniae S. pseudopneumoniae S. pseudopneumoniae S. pneumoniae S. pneumoniae Not soluble

39S S. pneumoniae S. pneumoniae S. pseudopneumoniae S. pseudopneumoniae S. pneumoniae S. pneumoniae Not soluble

41S S. pneumoniae S. pneumoniae S. pseudopneumoniae S. pseudopneumoniae S. pneumoniae S. pneumoniae Not soluble



ance mass spectrometer with version 1.0.0 of the acquisition 
software and MS-ID database. According to the manufactur-
er’s instructions, a confidence value between 60 and 99% for a 
given species was considered as a good identification (ID).

If a unique pattern ID is not recognized, a list of possible 
organisms with confidence values ​​< 60 % was given, consid-
ered low discrimination (LD) for each of the identified species. 
When a single result is obtained with a value <60%, the or-
ganism is considered to be outside the limits of the identifica-
tion system database and recorded as “no ID”7.

Sequencing. A suspension of 0.5 McFarland bacterial 
strains under study was prepared as an extraction of nucleic 
acids from 500μL of the suspension in the automatic extractor 
Easy Mag (bioMérieux, France).

Between 5 and 50 ng of extracted DNA were amplified by 
chain reaction of the polymerase in standard conditions, with 
the previously described oligonucleotides B27F and U1492R8.

The amplification products were sequenced using Ther-
mo Sequenase Dye Primer Cycle Manual Sequencing Kit (USB 
Corporation, USA) using primers 16S- NF 5’CACTGGAACTGA-
GACACGGT -3 ‘and 16S- NR 5’GTCTATTCCTTTGAGTTTTA -3’ in-
ternal to the above, designed in our laboratory, which amplify 
a 586 bp fragment.   

Sequencing reactions were loaded on a Long-Read Tow-
er Sequencer (Siemens Healthcare Diagnostics, USA) and the 
sequences obtained were compared with those in Microbial 
Genomes BLAST. Identification criteria used was a degree of 
homology ≥ 97%.

RESULTS

S. pneumoniae. Forty-three strains were presumptively 
identified as S. pneumoniae because of their Gram morpholo-
gy, optochin susceptibility and catalase test. This identification 
was confirmed in all cases using biochemical identification 
systems, the immunochromatographic test and latex aggluti-
nation. The VITEK-2 system identified 39 strains as S. pneumo-
niae and the remaining strains as S. no pneumoniae. 

Using the spectrometry system, 38 strains (86%) were 
identified as S. pneumoniae, and the other 5 strains were iden-
tified as Streptococcus related to S. pneumoniae but belonging 
to other species (4 as S. pseudopneumoniae and 1 as S. mitis 
/ oralis) that also were not soluble in bile. These five strains 
were sequenced, confirming the results of mass spectrometry 
(table 1).

Furthermore, these last 5 strains were subcultured on 
plates with sheep blood with an optochin disk and simulta-
neously incubated for 18-24 hours at 35°C in an atmosphere 
with and without CO2. Another 5 strains positively identified as 
S. pneumoniae were tested as controls. In an air environment, 
all strains showed an inhibition halo ≥ 14 mm in response to 
the 5 μg of optochin, whereas, when incubated in a 5 % CO2 

atmosphere, only the controls reached 14 mm in diameter (ta-
ble 2).

H. influenzae. Sixty-four strains were presumptively 
identified as H. influenzae considering their Gram morphology 
and growth on chocolate agar and lack of growth on blood 
agar. When using biochemical galleries, 48 were identified 

as H. influenzae and the remaining 16 as H. 
parainfluenzae. Using VITEK-2, 48 were as-
signed to H. influenzae, 12 were identified as 
H. parainfluenzae and 4 as H. haemolyticus.

The spectrometry system identified 51 
strains as H. influenzae, 12 as H. parainfluen-
zae and the remaining strain as H. haemolyt-
icus.

Regarding the 8 strains with no con-
cordance with the three methods, sequencing 
confirmed the identifications provided by the 
spectrometry (table 3).

M. catarrhalis. Forty strains were initially 
identified as M. catarrhalis, due to their Gram 
morphology, catalase test, production of oxi-
dase and a positive test in tributyrin esterase. 
The VITEK-2 system did not identify any of 
these strains as such, while mass spectrome-
try and biochemical galleries provided a good 
identification as M. catarrhalis. 

DISCUSSION

Final classification of streptococci, includ-
ing S. pneumoniae, continues to be a problem, 
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Table 2	� Optochin disk inhibition halo after 18-24 h incubation 
at 35°C in CO2 an ambient atmosphere.

CO2 Ambient

Optochin inhibition halo <8mm 8-13mm ≥ 14 mm <8 mm 8-13mm 14 mm

S. pneumoniae - - 5 - - 5

S. pseudopneumoniae / S. mitis/oralis 2 3 - - - 5

Table 3	� Identification of 8 Haemophilus spp. by different 
methods.

Strain RapID NH VITEK-2 MALDI-TOF Sequencing

5 H H. parainfluenzae H. haemolyticus H. influenzae H. influenzae

21H H. parainfluenzae H. influenzae H. influenzae H. influenzae

22H H. parainfluenzae H. influenzae H. influenzae H. influenzae

23H H. parainfluenzae H. influenzae H. influenzae H. influenzae

26H H. influenzae H. haemolyticus H. influenzae H. influenzae

37H H. influenzae H. haemolyticus H. influenzae H. influenzae

43H H. influenzae H. parainfluenzae H. influenzae H. influenzae

45H H. parainfluenzae H. influenzae H. parainfluenzae H. parainfluenzae



as H. haemolyticus. In total, 8 strains showed different results 
with the three methods. Sequencing confirmed the identifica-
tions provided by the spectrometer.

In some cases the accuracy of identifying species within 
the Haemophilus genus is important since H. influenza is cur-
rently known to induce respiratory infections in contrast to H. 
haemolyticus or H. parainfluenzae and thus accurate identi-
fication could reducing unnecessary antibiotic treatment16 as 
well as to provide an important tool when it is used for epide-
miological purposes. This reliability seems to be achieved more 
accurately with spectrometry rather than other methods15,16.

On the other hand, the routine identification of M. ca-
tarrhalis strains showed no obstacles in our series, simply 
demonstrating the production of oxidase and esterase tributin, 
which is fully consistent with the results obtained with identi-
fication galleries and spectrometry, whereas VITEK cards were 
invalid for these diagnoses.

Among the numerous papers published recently regard-
ing the ability of mass spectrometry systems, using matrix-as-
sisted laser soft ionization desorption/ionization techniques 
including the mass analyzer known as “time of flight” (MAL-
DI-TOF), to identify microorganisms commonly found in clini-
cal microbiology laboratories5,17-19 it is possible that the correct 
identification of respiratory bacterial pathogens are those that 
provide more controversial results. However, in our series, al-
though limited by the low number of strains, the spectrometry 
technique gave excellent results for identifying and differen-
tiating M. catarrhalis, S. pneumoniae, H. influenzae and relat-
ed species, without the need of a prior protein extraction and 
confirming these results in strains of questionable identifica-
tion through amplification and sequencing. 

In summary, our findings indicate that Vitek MS is a suita-
ble tool for the swift and reliable identification of classic culti-
vable bacterial pathogens in acute respiratory infections.
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further aggravated by the fact that many of them share the 
same habitat. For example, using routine phenotypic discrim-
ination techniques between S. pneumoniae and other alpha 
haemolytic streptococci, belonging to the mitis/oralis complex, 
does not always provide satisfactory or conclusive results9. 
Although optochin susceptibility is the most frequently used 
diagnostic test in clinical microbiology laboratories to differ-
entiate pneumococci from other alpha haemolytic streptococ-
ci, the conditions for its use remain uncertain. This is because 
while some highly prestigious manuals1 recommend incubat-
ing in CO2, the disk manufacturer recommends incubation in 
ambient atmosphere. This distinction is interesting because 
of the recognition of S. pseudopneumoniae as a distinct spe-
cies, but still close to S. pneumoniae, although with possibly 
different specifications as a respiratory pathogen, and whose 
behaviour on an optochin disc is variable. In this series, as well 
as in others10, there are 5 strains in which the inhibition halo 
was less than 14 mm when incubated in a CO2 atmosphere. 
However, when incubated in an ambient atmosphere, they 
clearly exceeded this limit. The 5 strains were then sequenced 
and classified as S. pseudopneumoniae The rest of the pneu-
mococci, however, showed diameters over 14 mm, both in an 
ambient atmosphere and CO2 supplemented environment. The 
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affect the valuation of sensitivity parameters or resistance of 
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fluenzae and 4 as H. haemolyticus.
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which indicate that the identification provided by the minia-
turized galleries or automated methods differ, in approximate-
ly 20% of the cases, from the results obtained by conventional 
methods15. The spectrometry system identified 51 strains as H. 
influenzae, 12 as H. parainfluenzae and the remaining strain 
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