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IDENTIFICATION OF THE ATYPICAL BACTERIAL STRAIN STREPTOCOCCUS
INTERMEDIUS THAT CAUSED BRAIN ABSCESS IN THE PATIENT USING
SANGER SEQUENCING OF THE 16S RRNA GENE FROM THE DNA
EXTRACTED FROM A PUS SAMPLE
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In this article we present a clinical case of brain abscess in a girl aged 14 years and 11 months caused by a pathogen that could
not be identified by routine microbiological testing. Before admission and during her stay in the hospital, the teenager did not
have fever. Diagnosis and treatment were impeded by allergic responses to a wide range of antibiotics. The patient underwent
three surgical interventions. Pus culture was performed 4 times, showing no growth. A PCR assay was run twice, but both times
the results came out negative. Therefore, a decision was made to amplify and Sanger-sequence the 16S rRNA gene from the
DNA extracted from patient’s pus. BLAST showed a 99 % homology of the obtained nucleotide sequence to the sequence of
the 16S rRBNA gene of Streptococcus intermedius (strain ChDC B589, KF733728.1) which had been previously shown to play a
role in brain abscess development. Treatment ex juvantibus against the pathogen was started before sequencing results were
available. The patient responded positively, the symptoms were alleviated and the condition improved. Thus, we conclude that
in some cases sequencing may be the only diagnostic technique capable of identifying the pathogen.
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WOEHTUOUKALUA HETUTTNHYHOIO BAKTEPUAJIbHOIO BUOA
STREPTOCOCCUS INTERMEDIUS, BbISBBABLLUEI O ABCLIECC
rOJIOBHOIO MO3IrA, CEKBEHUPOBAHWEM MO C3HIEPY N'EHA
16S PPHK N3 OHK OBPA3LA N'HOA

M. A. Topaykosa' = 0. B. dueununa', O. B. Muwykosa?, E. B. laneesa’, A. I'. MNMpogeyc’, M. J1. ®uamneHko?

TKnuHndeckast anarHocTnyieckas nabopatopus,
[etckas ropoackas knmHndeckas 6onbHmua Ne 9 um. I H. CnepaHckoro, Mocksa

2 labopatopusi hapMakoreHOMUKM,
VIHCTUTYT XuMmdeckomn bronorum n dyHgameHTansHon meguumHsl CO PAH, HoBocrbrpcek

[MpencTaBneHo onvcaHvie KNMHNHYECKOro Criydas: Habnoganm AeBoYky B Bo3pacTe 14 net 11 mec ¢ abCuecCoM rofioBHOMO
MO3ra, OJ15 KOTOPOro He yAanoch YCTaHOBUTL BO30YAUTENS CTaHOAPTHBIMU MUKPOBUONOrMYeCKMN MeTodamn. [1o v B Te-
YeHue nepuoda rocnutanmaaumm y pebeHka OTCyTCTBOBasia IMXOPaaKa, a MHOrve aHTUONOTUKM BbI3bIBAW aneprim4eckmne
peakumm, B CBA3M C YeM OMarHOCTVKa U Tepanusa MHMeKUMn Obinm 3aTpyaHeHsl. [aumeHTke 6biin BbINOMHEHbI TPW onepa-
umn. HeTbipexxapl Npou3BOaMAM NOCEB MHOA 13 abcliecca, HO HU pady He Habntogany pocTta Kynstypbl. [JBaxxabl NpoBoaum-
v MUP-aHann3, Ho B 0601x cnyqasax pesynsraTbl UCCNeaoBaHusa Obinm otpuuatensHbiMy. Torga 6bin amnanuumpoBaH m
cekBeHnpoBaH no CaHrepy reH 16S pPHK n3 o6pasua JHK, skcTparvposaHHon 13 rHos. C nomoLLsto nporpammsl BLAST
Oblf1a NokazaHa BblCokas romoorus (99 %) onpeneneHHon NocneqoBaTeNbHOCTY C NOCNe0BaTENbHOCTLIO reHa 16S pPHK
H6akTepumn Streptococcus intermedius (wtamm ChDC B589, KF733728.1), ans KOTopon paHee 6bina onmcaHa posb B pas-
BUTU abCLIECCOB FOMIOBHOMO MO3ra. Tepanus ex juvantibus NpoTUB 3TOr0 MUKPOOPraHnM3Ma, Hadatasi elle A0 MosyyeHns
pPe3yNsTaToOB CEKBEHMPOBAHISA, MPVBENA K MONOXUTENBHON ANHAMIMKE 1 KYNMPOBAHMIKO NMpoLecca y pebeHka. Takvm 0bpasom,
B OTZESbHbIX CIyHYasxX CEKBEHNPOBAHNE MOXET ABNATLCA MPAKTNYECKN €AVHCTBEHHBIM CMOCOB0M NAEHTUMDNKALIAM NOTEHLUM-
abHOro BO3OyANTENS.

KntoueBble cnoBa: abcLecc rofoBHOro Moara, Streptococcus intermedius, 16S pPHK, cekBeHupoBaHme no CaHrepy, nabo-
paTopHas auarHocTuka
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The first step in combating infection is rapid and accurate
identification of its causative agents. This aids the choice of
adequate antibacterial therapy for treating clinical syndromes,
such as sepsis, as well as conditions caused by multiple
pathogens, including infections of the upper respiratory tract.

As a rule, laboratories use culture-based methods to
identify pathogens and test them for drug susceptibility. This
may be time-consuming and ineffective for poorly culturable
microorganisms or those whose viability was compromised by
previous antibacterial treatment. Current molecular tests are
highly sensitive and specific enough to identify a great variety of
pathogens directly in clinical samples [1].

The list of pathogens that can be identified using routine
tests is limited to the most common bacterial species, which
is why culture and molecular genetic tests sometimes come
out negative in patients showing signs of infection. As early
as the 1990s, an approach was proposed for pathogen
identification based on the amplification of the 16S rRNA gene
region from a clinical sample or pure bacterial culture, followed
by its sequencing and comparison of the obtained nucleotide
sequence with those of known pathogens [2].

Because the16S rRNA gene is ubiquitous in bacteria and
highly conserved, it is a perfect target for bacterial identification
[3]. Its conserved regions are interspersed with hypervariable
ones, and the combinations of the two are species-specific.
The 16S rRNA gene is amplified using oligonucleotide primers
complementary to its conserved regions [4]. The nucleotide
sequence of a PCR product is then analyzed and compared
to known sequences available in such databases as RiboDB,
revealing the identity of a pathogen. So far, dozens of thousands
of nucleotide sequences have been described of the 16S rRNA
gene characteristic of different bacterial species.

DNA for amplification and sequencing can be obtained
either from clinical samples or bacterial isolates, especially
when the list of potentially involved pathogens is very long.
This method can be applied to poorly culturable bacteria or
clinical samples of patients who received antibiotics before
testing [5-7]. Some researchers used cerebrospinal fluid, pus,
synovial and interstitial fluids for 16S rRNA gene isolation [8].
For example, Xia et al. [9] sequenced the 16S rRNA gene in
parallel with doing the standard culture testing to identify
infectious agents in patients with pneumonia. A few genera
that standard culture techniques failed to detect were identified
by sequencing, namely Prevotella, Proteus, Aquabacter
and Sphingomonas. Both sequencing and standard culture
identified  Streptococcus,  Neisseria,  Corynebacterium,
Acinetobacter, Staphylococcus, Pseudomonas and
Klebsiella, but sequencing was more sensitive in the case of
Streptococcus and Pseudomonas. In another work by Daroy
et al. [10] sequencing of the 16S rRNA gene revealed the
presence of bacterial Haemophilus influenzae, Sphingomonas
sp., Klebsiella pneumoniae, Staphylococcus haemolyticus,
Morganella morganii, Mycobacterium sp., Chryseobacterium
sp., Pseudomonas saccharophila (Xanthomonas) and fungal
Phaeoacremonium inflatipes in 19 samples of lacrimal fluid of
patients with eye infection whose standard cultures came out
negative.

In this article we describe a clinical case of brain abscess
caused by a pathogen that could be identified only by
amplification and sequencing of the 16S rRNA gene.

Case description

A girl aged 14 years 11 months diagnosed with brain abscess
was in care in Speransky Children’s Clinical Hospital No. 9

(Moscow) from June 6 to July 15, 2016. The diagnosis was
delayed and treatment was complicated by the absence
of fever before and after hospital admission and by allergic
reactions to a wide range of antibiotics

Starting from January 2016, the girl had been complaining
of pain in the right ear. On May 25 she was diagnosed with
right-sided acute catarrhal otitis media. When the child started
to feel nauseous and vomited, an ambulance was called, and
the girl was taken to the hospital. She did not have fever. The
following day the patient developed nuchal rigidity and ataxia;
Kernig’s and Brudzinski’s signs (in both upper and lower limbs)
were positive. A CT scan showed abscess in the right cerebral
hemisphere accompanied by perifocal edema.

On June 7 craniotomy was performed, 2 ml of pus were
evacuated from the right parietal lobe, a drain was installed,
and the patient was prescribed antibacterial treatment.
However, in response to vancomycin the patient developed
rashes, therefore, the drug was replaced with a combination
of meropenem (2 g per day) and linezolid (600 mg every
12 hours). On June 9 the allergic reaction to linezolid was
observed: the patient became nauseous, vomited and had
difficulty breathing. Linezolid was replaced with amikacin (400
mg twice a day). On June 13 the drain was removed. On June
19 the girl’s mother asked to discontinue metropenem because
the child had developed allergy to this drug.

On June 21 contrast enhanced CT was performed revealing
a recurrence of abscess in the neighboring brain regions. The
patient was prescribed cefepime (2 g three times a day) and
i. v. metronidazole (0.5 g a day). On the same day the patient
had another craniotomy; 20 ml of pus were evacuated. The
patient did not have fever. No purulent discharge was visible
coming through the drain after the surgery. On June 25 another
intervention was performed to evacuate another 12 ml of pus.
The body temperature was normal. Vancomycin was added to
the regimen; on June 30 the child started to receive cefomax
instead of cefepime (2 g three times a day). In total, the patient
had 3 surgeries during her stay in the hospital.

None of four pus samples were culture positive. Results of
blood chemistry tests including the levels of C-reactive protein
and erythrocyte sedimentation rate are shown in the table
below.

Twice, on June 14 and 22, brain abscess specimens
were tested by PCR for herpes simplex virus types |, |l
and IV, cytomegalovirus, Epstein—Barr virus, enteroviruses,
Toxoplasma gondli, Streptococcus pyogenes, Neisseria
meningitidis, Haemophilus  influenza, Streptococcus
pneumoniae, methicillin-sensitive and methicillin-resistant
strains of Staphylococcus aureus, methicillin-resistant
coagulase-negative strains of S. aureus, Streptococcus
agalactiae, Pseudomonas aeruginosa, Candida albicans,
C. glabrata, C. krusei and Streptococcus spp. The analysis
was carried out on DNA and cDNA. Both times the tests

Levels of C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) of
the patient

Date CRP, mg/I ESR, mm/h
07.06.2016 55.8 -
14.06.2016 3.1 46
20.06.2016 2.2 -
27.06.2016 0.9 -
01.07.2016 0.6 19
12.07.2016 0.5 19

Note. CRP reference values 0.1-8.2 mg/l; ESR reference values 0-20 mm/h.
Values outside the reference interval are shown in bold.
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were negative. The actin-coding gene was used as an internal
control; the ampilification curve crossed the threshold at
Ct = 28.39, which indicated good DNA quality.

A DNA sample was sent to the Laboratory of
Pharmacogenomics of the Institute of Chemical Biology and
Fundamental Medicine SB RAS to amplify the fragment of the
16S RNA gene. Sequencing yielded a nucleotide stretch with
highly variable regions v2—v4 of the gene. BLAST analysis (NCBI,
USA) revealed a 99 % homology of the obtained sequence
to the sequence of the 16S rRNA gene characteristic of
Streptococcus intermedius (strain ChDC B589, KF733728.1).

Case discussion

The literature and international clinical guidelines describe
the role of a commensal Streptococcus intermedius in the
development of brain abscess [11]. Also a case is known of
an elderly woman with brain abscess whose aspirates were
culture negative, and the causative agent was identified only
by sequencing of the 16S rRNA gene [12]. Streptococcus
intermedius and Streptococcus constellatus constitute a
group, which is sometimes referred to as Streptococcus milleri
group, demonstrating a great serologic and hemolitic variety
and varying immunogenicity. Perhaps, S. intermedius did not
trigger an adequate immune response in our patient, resulting
in the absence of fever and markers of inflammation (see the
Table). As a matter of fact, no laboratory techniques available
in our multi-specialty medical facility but Sanger sequencing
could have identified the pathogen.
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Negative PCR results could probably be explained by the
absence of a reference strain in the reagent kit used for the
assay. Treatment ex juvantibus against S. Intermedius was
started before sequencing results were available. The patient
responded positively and her condition improved, which is
consistent with sequencing results. Therefore, the studied
clinical case demonstrates that if PCR and Sanger sequencing
yield discordant results, Sanger sequencing should be given
diagnostic priority as the gold standard molecular technique.

CONCLUSIONS

Amplification and sequencing of the entire 16S rRNA gene
or its fragments directly from clinical samples have their own
limitations. Samples should be collected from sterile sites.
Polymicrobial infections and sampling from nonsterile sites
impede accurate interpretation of sequencing data. Besides,
even if an amplicon of microbial DNA is obtained from a clinical
sample, it does not necessarily indicate that the identified
microorganism is the cause of the infection. Sequencing of the
16S rRNA gene is labor intensive and requires good equipment
and high qualifications of the lab personnel. But in some cases
it remains the only method capable of identifying the pathogen.
In the described clinical case sequencing of the 16S rRNA
gene allowed us to identify an atypical bacterial strain. Having
analyzed the literature, we were able to hypothesize its role in
the development of brain abscess and suggest the reasons for
the atypical course of the disease.
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