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Etiological diagnostics of acute exacerbation of chronic
obstructive pulmonary disease (AE COPD) still remains a
challenging problem. This is true mainly to the limitation of
our imagination regarding the nature of pathological pro-
cess. Until now there was isolated more than 100 different
species of microorganisms from the lung tissue of patients,
who died of lung infection [8]. Regardless of the use of most
advanced microbiological methods the etiology of disease
can only be verified in half of the cases [7]. From one hand
this fact points on limited opportunities of currently avail-
able diagnostics, and from another it allows to predict an
existence of unknown pathogens. Recent findings in this
field have changed current knowledge regarding the etiology
of AE COPD.

These findings, mainly viral by nature, become available
due to development and introduction into current laboratory
practice of novel technologies and molecular methods such as
non-isotope hybridization analyses, mass-spectroscopy,
DNA-chips hybridization technique, polymerase chain reac-
tion (PCR) and other methods of nucleic acid amplification,
technologies which are very expensive, and can be reproduced
in highly specialized laboratory facilities only by highly-
qualified specialists.

On the other hand scientists work on development of other
diagnostic technologies, which are able under conditions of
limited resources to provide simple and fast identification of
major pathogens without any loss in quality. High specificity
and susceptibility, prompt response, simplicity and low cost
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of examination

are the basic requirement for such a techniques. These
requirements are completely met in so called fast immuno-
chromatography tests (ICT).

Considering all above mentioned it is evident that an
emerging point at present is a choice of novel technological
approaches and a development of balanced algorithm of etio-
logical diagnostics of AE COPD.

The aim was to study a spectrum of bacterial and viral
pathogens of AE COPD and to evaluate the effectiveness of
diagnostics, which include both bacteriological and virologi-
cal tests.

Materials and methods

165 patients with AE COPD, hospitalized at SO «National
institute of phthisiology and pulmonology named after E.G.
Yanovskiy NAMS of Ukraine» in 2007—2012 were enrolled.
Diagnosis was established using GOLD recommendations
[10]. In order to distinguish an infectious nature of exacer-
bation the criteria, developed by N. Antonisen et al., were
used [9].

Bacteriological tests were done at microbiological labo-
ratory of Principal Military hospital of Ministry of Defense
of Ukraine (Head of laboratory — I. G. Kostenko). Sputum,
spontaneously obtained from lower respiratory tract at
deep expectoration before meals, was used for examina-
tion. Sputum was taken into sterile containers. Time from
collection to processing of sputum didn’t accede 1—2 hours
at room temperature.
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First, microscopy of non-stained sputum smears was done
to evaluate quality of samples. A sample was considered
usable if Gram-stained sputum smear contained not less than
25 white blood cells and no more than 10 epithelial cells per
vision field (x100) [1].

Evaluation of microbial population in sputum was done by
a quantitative method according to Dixon and Miller in
L. Selina modification on solid media. An isolate was consid-
ered etiologically significant when potential pathogen titer
reached 10° colony forming units per 1 ml [2, 3].

Primary culture was grown on blood and chocolate agar
(Columbia agar base). In order to enhance growths of
S. pneumoniae, H. influenzae, M. catarrhalis the blood and
chocolate agar were enriched with 5 % RBC suspension. For
identification of facultative flora (S. aureus, Enterobacter spp.,
fungi) the samples were cultured on Saburo, Endo, biliary
salts media using conventional methods of isolated colonies,
pure cultures and their further identification. Additionally,
patient samples were cultured on liquid media (sugar and
serum bouillon). Incubation was done at 37 °C in 5 % CO,
atmosphere.

Isolated strains were identified using API test systems by
BioMerieux, France.

Antibiotic susceptibility testing was conducted by means of
disc diffusion method on Muller-Hinton agar media by
BioMeriex, France [3, 5]. Discs, produced in Russia and
USA (BBL), were used. For the purpose of susceptibility test-
ing NCCLS control strains were used (S. pneumoniae ATCC
49619, H. influenzae ATTC 49247, S. aureus ATC 25923,
E. coli ATC 25922, P. aeruginosa ATC 27953 and others).

Atypical strains were identified using real-time PCR. To
reveal DNA of Mycoplasma pneumoniae, Chlamydophila
pneumoniae in clinical samples there were used «AmpliSens®
Mycoplasma pneumoniae/ Chlamydophila pneumoniae-FL»
PCR Kkits.

For express diagnostics of S. pneumoniae and L. pneumophila
(serotype 1) infections the fast chromatographic tests by Alere
Scarborough, Inc. (USA) were applied (respectively,
Streptococcus pneumonia Antigen Test Kit and Legionella
Urinary Antigen Test Kit NOW®).

For virology part of study to detect genomic RNA and DNA
of respiratory viruses the following molecular biology tests were
used: classic PCR, reverse transcription PCR, multiplex PCR,
real-time PCR. All those test were performed at Department of
virology P. L. Shupik National Medical Academy of
Postgraduate Education (chief — Prof. 1. Dziublyk).

Nasal smears were taken. Smears were obtained by means
of dry cotton swabs with plastic handles. Afterwards, the
probes were put into sterile single-use tubes 1,5—2 ml with
cap, containing transport media 0,5 ml. To obtain nasal lavage
fluid 3—5 ml of warm sterile of isotonic solution of sodium
chloride were injected into each nostril. The nasal fluid was
placed into sterile tube.

Clinical samples were transported to the lab into tempera-
ture-controlled containers at +4 °C.

Separation of nucleic acids (RNA and DNA) of respiratory
viruses was conducted as described [6]. For detection of
results the electrophoresis and hybridization-fluorescent
methods were used. Gel-electrophoresis detection of results
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with subsequent documentation was done using GeiDoc
equipment by BioRad, USA.

The following kits were used:

— for RNA and DNA separation — kits by AmpiSens,
Russia;

— for reverce transcription — kits Reverta-L by AmpiSens,
Russia;

— for detection and identification of influenzae A and B
viruses — AmpiSens® Influenza virus A/B-FL, by AmpiSens,
Russia;

— kit A (H;N,) 2009 AmpiSens® Influenza virus A/
H swine-FL, by AmpiSens, Russia;

— for identification of avian flu — kits AmpliSens® Influenza
virus A H;N,-FL, by AmpiSens, Russia,

— kit for identification of 12 respiratory viruses RV-12 SEE
GENE (by ALT, Ukraine);

— kit Seeplex® RV12 ACE Detection (Seegen, Korea);

— kit Seeplex® FluA ACE Subtyping (Seegen, Korea)

— AmpiSens® AVRI-screen-FL (variant FRT), AmiSens,
Russia.

To detect influenza A and B RNA AmpiSens® Influenza
A/B-FL kit for hybridization-fluorescent detection was
used. For reverse transcription PCR the Reverta L kits by
AmpiSens, Russia were used. WHO recommendations were
followed for PCR testing in the period of influenza and
AVRI epidemic and influenza A (H,N,) California epi-
demic. A specific protocol «Influenza A specific simple and
real-time PCR» as well as «Reverse transcription PCR in
real time», produced by CDC for influenza virus A (H,N,)
detection (2009 version).

Fast immunochromatographic tests «CitoTest Influenza
A&B», «CitoTest ADENO RESPI», «CitoTest RSV Blister»
(Farmasco, Ukraie) for express identification of influenza A
and B viruses, respiratory adenoviruses and RS-virus were
used.

Atypical pathogens (M. pneumoniae, C. pneumoniae,
L. pneumophila) in clinical samples were identified using real-
time PCR.

Results

Baceriological testing of sputum was performed in 165 AE
COPD patients. Based on bacteriosopy the biological samples
were suitable for analysis in 138 (83,6 %) cases. Sputum and
BALF cultures helped to isolate in 92 (66,7 %) patients 103
bacterialcstarins in diagnostic significant concentration
(Fig. 1). H. influenzae, the major pathogen, was isolated in
(46,6 + 4,9) % of patients. All other microbes were isolated
with following rate: S. pneumoniae — (20,4 = 4,0) %, K. pneu-
moniae — (13,6 = 3,4) %, M. catarrhalis — (0,9 + 0,8) %,
E. coli— (10,7 £3,0) %, S. aureus — (4,9 = 2,1) % and P. aeru-
ginosa— (2,9 £ 1,6) % cases. In 11 ((10,7 £3,0) %) patients an
association of pathogens was detected: H. influenzae with
K. pneumoniae — in 3 patients, H. influenzae with S. aureus —
in | patient, S. pneumoniae with E. coli — in 3 patients, P. aeru-
ginosa with S. pneumoniae — in 1 patient and H. influenzae with
atypical bacteria (M. pneumoniae or C. pneumoniae) — in rest
of patients.

In one of the most prevalent pathogen — H. influenzae — the
rate of penicillin, aminopenicillins and chloramphenicol
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Figure 1. Prevalence of bacterial pathogens in AE COPD patients

resistance was (5,8 £ 3,2) % (Tab 1). In (20,4 = 4,0) % cases
the cause of AE COPD was S. pneumoniae with penicillin,
aminopenicillins and protected aminipenicillins resistance
rate of (9,5 £ 6,4) %, ciprofloxacin and chloramphenicol —
(14,3 £ 7,6) %. It should be underlined, that (9,5 £ 6,4) %
strains of S. pneumoniae also posesssed an associated resis-
tance to microlides and 2nd generation fluoroquinolones. At
the same time all strains of this pathogen were susceptible to
3rd generation fluoroquinolones (levofloxacin). M. catarrha-
lis was isolated in (0,9 £ 0,8) % of cases. This microorganism
was resistant to natural and semisynthetic penicillins. In (13,6
+ 3,4) % of patients K. pneumoniae was isolated. (78,6 = 11,0)
% strains appeared resistant to penicillin and aminopenicil-
lins. In (4,9 & 2,1) % of patients S. aureus was detected with
resistance to natural and synthetic penicillin of (80,0 & 17,9)
%. E. coli was the causative agent in (10,7 & 3,0) % of COPD
patients. A clinically significant penicillin and aminopenicil-
lins resistance rate was found in (63,5 + 14,5) % of strains, to
chloramphenicol — (45,5£15,0) %. In (2,9 + 1,6) % of
patients we isolated P. aeruginosa.resistant to amvkacine and

levofloxacin of (33,3 £ 27,2) %, and to ciprofloxacin — of
(66,7 £ 27,2) % strains.

The presence of atypical pathogens (M. preumoniae, C.
pneumoniae, L. pneumophila) in patient’ samples was evalu-
ated by real-time PCR. Te samples from 27 AE COPD
patients were tested. M. pneumoniae was identified in 1 (3,7
%) patient, C. pneumoniae — in 2 (7,4 %) patients.

Rapid test for evaluation of S. prneumoniae urine antigen
was done in 18 COPD patients. The results were compared
with the results of cultures. This test was positive in 27,8 %
cases, while co-incidence with cultures reached 80,0 %.

Virology tests were carried out in autumn-winter season
2007—2008 years. Clinical samples of 52 AE COPD patients
were tested.

Respiratory viruses were identified in 28,8 % of patients
using molecular-biological tests. Influenzae A (seasonal) virus
was found as mono-infection in 5 patients (9,6 %). Respiratory
coronavirus (hCov) and Parainfluenza virus 2 were identified
in 4 subjects (7,7 %). In 2 samples we identified rhinovirus
(hRv): in 1 — mixt-infection «APiv + hRw (Fig. 2).
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Figure 2. Distribution of viruses in COPD patients (2007-2008 years)
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Table 1
Antibiotic resistance of AE COPD pathogens, % (M = m)
Antibiotic Microorganism
H. influenzae | S. pneumoniae | M. catarrhalis | K. pneumoniae | S. aureus E. coli P. aeruginosa
(n =48) (n=21) (n=1) (n=14) (n=5) (n=11) (n=3)
Penicillin 2 2 1 11 4 7
42+29 95+ 64 100,0 78,6 + 11,1 80,0+ 17,3 | 63,6 + 14,2 —
Amicillin 2 2 1 11 4 7
42+29 95+6,4 100,0 78,6 + 11,1 80,0+17,3 | 63,5 + 14,2 -
- - 1 - 0 -
Oxacillin 100,0 -
Amoxicillin/ 0 2 0 0 0 0
clvulanate 95+6,4 =
Cloramfenikol 3 3 0 6 - 5
6,3+ 3,5 143+7,0 42,9 + 13,2 455+ 154 -
Azythromcin 0 1 0 - 1 -
48 +47 4847 _
Amykacin 0 - 0 0 0 0
33,3+ 27,0
Cefuroxim 0 0 0 0 0 0 —
Cefatoxim 0 0 0 0 0 0 —
Ceftriaxone 0 0 0 0 0 0 -
Ciorofl . 0 3 0 0 - 0 2
iprofloxacin 143270 66,7 + 27,6
Levofloxacin 0 0 0 0 0 0 !
33,3+ 27,6

Markers of viruses (particularly Influenza A virus antigens)
were identified by means of rapid tests in 5 patients (9,6 %).
Respiratory adenoviruses were not identified at all.

The results of rapid tests closely correlated with the results
of PCR tests only for seasonal Influenza A virus.

Thus, the use of technologically advanced bacteriological
and virological tests helped to identify the pathogen in 84,9 %
of AE COPD patients, which was 31,5% more effective than
under conventional laboratory approaches application
(p <0,05).

Discussion of results and conclusions

Current study results one more time confirmed that the
spectrum of bacterial pathogens of AE COPD is quite con-
stant, comparing with data published by different authors
from all over the world [7, 10]. Unexpected trends and threats
considering resistance pattern of respiratory pathogens were
not revealed.

As we have demonstrated the use of conventional microbio-
logical tests only for identification of AE COPD causative
agents was not sufficient. Hence, etiological diagnostics
should include novel virological methods. Multiplex PCR
belong to the advanced methods of diagnostics, developed for
use of several primers in one tube in order to identify nucleic
acids fragments of different germs. Currently, kits for multi-
plex PCR are available on the market, registered in Ukraine
and indicated for identification and differentiation of wide
spectrum of respiratory pathogens.
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At the same time, clinical practice now require confirma-
tion of etiology of disease under conditions of limited
resources, when novel instrumental biological methods,
costly equipment and highly qualified personnel are not
available. Rapid test is the best solution of the challenge like
this, allowing the results in shortest terms — 10—15 minutes.
Among the advantages of this method are high specificity
and sensitivity, high reproducibility of results. They are tech-
nically simple, requiring no special preparation of clinical
samples, and easy to read. Rapid tests also have internal
control, which can confirm the quality of test and minimize
the chance of errors. Undeniable is the fact that these tests
are much cheaper in comparison with a majority of classic
and molecular-biological methods. But, depending on spec-
ificity/sensitivity current tests can sometimes be false-posi-
tive or false-negative. It is essential to consider verification
of results for higher effectiveness of diagnostic algorithm.
For this purpose the immune enzyme analysis or PCR can
effectively serve.

In summary, the process of etiological diagnostics of AE
COPD should include the following. The smears or nasal
washings, sputum, BALEFE, blood and urine are tested. The
patient samples should be sent to both microbiological and
virological laboratories for application of bacteriological and
molecular-biological tests. The rapid-tests could be per-
formed elsewhere: at ER unit, the ward, medical office or
laboratory. Clinical sample should be obtained prior to antibi-
otic therapy start.




Bacteriological method must include at minimum micros-
copy of Gram-stained sputum smears, and cultures (blood
cultures in severe cases).

Molecular-biological tests (real-time PCR) should be used
for identification of atypical bacteria and respiratory viruses.
For instance, Seeplex® RV12 ACE Detection kits are used to
identify nucleic acid fragments of Humanadenovirus (AdV),
influenza A virus (FluA), Influenza B virus (FluB), Human respi-
ratory syncytial virus A (RSVA), Human respiratory syncytial
virus B (RSVB), Human metapneumovirus (MPV), Human
parainfluenza virus 1 (PIVI), Humanparainfluenzavirus 2
(P1V2), Humanparainfluenzavirus 3 (P1V3), Human rhinovirus
A/B (HRYV), Human coronavirus 229E/NL63 (229E/NL63),
Human coronavirus OC43/HKU1 (0C43/HKU]) viruses.

Positive for influenza A virus samples must be additionally
tested to identify pandemic influenza A (swine H,N,) virus,
seasonal influenza A virus (human H,N,), seasonal influenza
A virus (H;N,) and avian influenza A virus (H;N).

Express testing at patient’s bed should be done within 10—15
minutes using patented in Ukraine rapid-tests, which allows
identification of S. pneumoniae, L. pneumophila, influenza
viruses A and B, respiratory adenoviruses and RS-virus.

We established that simultaneous use of three different meth-
odologies (classic bacteriology, rapid tests and PCR) for detec-
tion of respiratory pathogens is effective strategy in terms of
confirmation of etiology of COPD exacerbation. Moreover,
inclusion of advanced multiplex PCR commercial tests for
detection of 6—12 and even more respiratory viruses in diag-
nostic algorithm gives an important information regarding pos-
sible mono- or co-infection (viral-viral or viral-bacterial) in
very short time (6—8 h). In certain cases use of rapid tests alone
helps to make a precise etiological diagnosis in 10—15 minutes.

Combined use of different diagnostic methods require fur-
ther studies and validation of their efficacy considering casts
and availability in healthcare network.

The study was done under financial support of state budget.
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ATUONOIMNMYECKAA AUATHOCTUKA UHDEKLIMOHHOIO
OBOCTPEHUA XPOHUYECKOIO OBCTPYKTUBHOIO
SABOJIEBAHUA NEFKUX: ONbIT KOMBUHAPOBAHHOIO
NCNOJIb30BAHUA BAKTEPUOJIOTMYECKUX

1 BUPYCOJTIOMT'MYECKNX METOAOB UCCINEQOBAHUNA

A. A. JI3r060ux

Pesiome. B nocaednee spems ce bonvuiee HUMAaHUe yOeasemcs Upyc-
HbIM 8030y0umensm 000CmpeHull XpoHuueckoeo 00CmpyKmugHoeo 3abone-
sanus aeekux (XO3J1).

Tleabto pobomor 66110 uzyueHue chekmpa OAKMepUaNbHbIX U BUPYCHBIX
6030ydumeneii ungexyuonroeo obocmpernus XO3JI u oyenka s3¢hghexmue-
HOCMU 3MU0N0UHECKOU OUACHOCMUKU, BKAIUAIOUlell 6 ce0sl 00HO8peMeH -
HOe UCnonb308anue OAKMEPUON0UYeCKUX U BUDYCON0SUHECKUX MemO0008
uccaedo8anus.

Marepuaibl u MeTonbl. B ucciedosarue bviau exarouerst 165 nayuenmos
¢ ungexyuonHoim o6ocmperuem XO3JI, komopsle Haxoouauce Ha cMayuo-
HapHom neuenuu. /s onpedenerus smuonocuu UHPEKYUOHHO20 npoyecca
00HOBPEMEHHO UCN0Ab308ANU KAACCUMECKUe MUKPOOUONOUYecKUe, UMMY-
HOXpomamozpaguueckue u gupyconoeuveckue (8 mom vucie u Hogeluiue
MOAeKYAAPHO-2eHemutecKue) Memoobl Uccae008aHus.

Pesynsratbl. [Ipumenenue 6vicoKomexHoN0UHHbIX OaKmepuoaou4ec-
KUX U BUPYCON0UHECKUX Mem0d08 UCCAe008anUs 0an0 603MONCHOCHIb
udenmuguyuposams 6030youmenst y 84,9 % 60avHbIX ¢ UHGEKUUOHHbIM
obocmpenuem XO3JI, umo na 31,5 % eviwie, yem npu ucnoav3oeanuu mpa-
duyuorHbix n00x0006 (p < 0,05).

BoiBoapbl. OdHospemertoe ucnoab3oeanue mpex pasiuutslx Memoouvec-
Kux nodxo0oé (Kaaccuueckoeo 6AKmMepuoNocu4eckoeo, OblCmpuix mecmog
u III[P) 0aa onpedenenus pecnupamopHwix 6030ydumeneil seasgemcs
aghhekmueHbIM 015 NOAYHEHUS: OKOHYAMEAbHOR0 Pe3YAbmama u yayuuiaem
2MUON0UMECKYH) OUACHOCMUKY UHpeKyuoHHo20 obocmpenus XO3J1.

Komouesbie cioBa: amuonoeus, namoeen, XO3JI, obocmpenue.
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ETIOLOGICAL DIAGNOSTICS OF ACUTE EXACERBATION
OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE: AN
EXPERIENCE OF COMBINED USE OF BACTERIOLOGICAL
AND VIROLOGICAL METHODS OF EXAMINATION

Ya. O. Dziublyk

Abstract. Viruses as the pathogens of acute exacerbation (AE) of chronic
obstructive pulmonary disease (COPD) are now in focus of attention of
scientific community.

The aim of current survey was to study a spectrum of bacterial and viral
pathogens of COPD AE and to evaluate an effectiveness of etiological
diagnostics, which combines both bacteriological and virological tests.

Materials and methods. One hundred and sixty five patients with AE
COPD were enrolled into the study. In order to identify a causative pathogen
the classic microbiological and novel virological tests (including molecular-
genetic ones) were used simultaneously.

Results. By using of technologically advanced tests the AE etiology was
identified in 84,9 % of patients, which was 31,5 % higher, comparing with the
use of conventional methods (p < 0,05).

Conclusion. Simultaneous use of three different methodological approaches
(classic bacteriology, quick tests and PCR) for detection of respiratory
pathogens is an effective diagnostic tool improving the effectiveness of etiological
diagnostics.

Key words: etiology, pathogen, COPD, exacerbation.
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