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Pestome. Haitie coobiieHre KacaeTcst HAOMIOASHUM, CIeITaHHBIX B XO/1€ JIeYSHUSI THEBMOHUM UHAUBUIY-
allbHO NMoJo0paHHbIMU OakTepuodaramu y 6oabHbIx ¢ MCMII, Haxonsiiuxcs Ha UBJI.

O6cnenoBaHo 19 nmanueHToB, Haxoasduuxcs Ha MBJI, cocTosiHMe KOTOPBIX OCI0KHUIOCH aHTUOUOTUKO-
YCTOMYMBOU MHEBMOHUEM.

JleueHue OOJILHBIX OBLIO JOTIOJMHEHO (paroTepanueii, bakTepuodaru ObLUIU NoJ00paHbl UHAWBUAYATHHO
JUTST KaXKA0To OOJIBHOTO ¢ YYETOM MUKPOOHOM aTHoJoruun 3adboneBanust (Pseudomonas aeruginosa, Klebsiella
pneumoniae, Acinetobacter baumanii).

NMMmyHopeHOTUTTMPOBaHME TUM(OILIMTOB KPOBU IIPOBEIEHO C ITIOMOIIBIO 2-3-MapaMeTPOBOI ITPOTOUHOM
mutoMeTpun. DyHKIIMOHAIbHAS aKTUBHOCTD JICMKOLIMTOB KPOBU OLIEHUBAJIACH IO MX CIIOCOOHOCTH IIPOIY-
nuposaTh npu KyabTuBupoBaHuu [FNo u IFNy. YpoBeHbs npoaykiunmu nHTepdepoHOB B COOpPaHHBIX TTOC/IE
KyJTbTUBUPOBAHUS CyIlIlepHaTaHTaX KOJMYSCTBEHHO OILIEHMBAJICS KakK ITo MX KoHIeHTpaunu (Meton MDA, pe-
areHTHI 3A0 «Bekrtop-becr-EBpora»), Tak 1 Mo nX 6MOJIOTUYECKOI aKTUBHOCTH.

CraTtuctrdeckast 00paboTKa pe3yJIibTaToB IpOBeIeHa ¢ UCIOJIb30BaHUEM MporpaMMbl Statistica 6 o He-
napametpuyeckomy U-kputeputo MaHHa—YUTHU.

B xome ycrienrHoit harorepanui THEBMOHWY MHAWBUIYAJIBHO TTOI00paHHBIMI OaKTepruodaraMu B KpOBU
NaeHTOB OTMeYaeTCs MpeoaoieHre TuM@oneHNH (B ClIydasix, €CJIM OHa ObLIa) U YBEIMUCHUE KaK KOJTMIe-
CTBa, TaK U (PyHKIIMOHAJIBHOU aKTUBHOCTH JITMMMOUUTOB Nepudeprieckoii KpoBU Y BceX OOJbHBIX.

3aBUCUMOCTb MEXIy MUKPOOHOI Harpy3koil (MOHO- Wiu MUKCT-UHDekIus1, kKoauyectBo KOE B0o30y-
IUTEeJIel ITHEBMOHUM, MTOTPEOHOCTh B IMTOBTOPHBIX Kypcax (paroTrepaliii) U CTEIIEHbIO Je(UIINTA B TEX WIN
WHBIX CYOITOITYJISIIMSIX TUM(MOIIMTOB He ObLIa BBISIBJICHA.

JocTurHyTasi rmocjie OIHOro Kypca darorepanuy akTUBaluss MMMYHHOM CUCTeMBbI COXpaHsIach MO Kpaii-
Hell Mepe B TeueHue 3 HellelIb Iocie MpeKpallleHrs BBeneHus (paros.
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PHAGE THERAPY IN ANTIBIOTIC RESISTANT PNEUMONIA:
IMMUNOMODULATION OR REDISTRIBUTION?
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Abstract. Our report concerns the observations made during the treatment of pneumonia with individually
selected bacteriophages in HCALI patients on mechanical ventilation.

19 patients on mechanical ventilation whose condition was complicated by antibiotic-resistant pneumonia
were examined.

The treatment of patients was supplemented with phage therapy, bacteriophages were selected individually
for each patient, taking into account the microbial etiology of the disease (Pseudomonas aeruginosa, Klebsiella
pneumoniae, Acinetobacter baumanir).

Immunophenotyping of blood lymphocytes was carried out using 2-3-parameter flow cytometry. The func-
tional activity of blood leukocytes was assessed by their ability to produce IFNa and IFNy during cultivation.
The level of interferons production in supernatants collected after cultivation was quantitatively evaluated both
by their concentration (ELISA, reagents from “Vector-Best-Europe”, Russia) and by their biological activity.

Statistical processing of the results was carried out using the Statistica 6 program according to the nonpara-

metric Mann-Whitney U-test.

In the course of successful phage therapy with individually selected bacteriophages overcoming of lympho-
penia (if there was one) and an increase in both the number and functional activity of peripheral blood lympho-

cytes in all patients with pneumonia observed are noted.

The relationship between the microbial load (mono- or mixed infection, the number of CFU pathogens
of pneumonia, the need for repeated courses of phage therapy) and the degree of deficiency in one or another

subpopulation of lymphocytes was not detected.

Activation of the immune system achieved after one course of phage therapy was maintained for at least 3

weeks after phage administration was discontinued.

Keywords: phage therapy, effects on the immune system, activated T lymphocytes, NK cells, IFNy, [FNo., antibiotic-resistant

pneumonia

Introduction

The development of pneumonia as a complication
caused by health care associated infections (HCAI)
(the earlier term is “nosocomial infections”) in pa-
tients who have been on artificial lung ventilation
(ALV) for a long time (mechanical ventilation) is a
significant problem, especially in cases of antibiotic
resistance of pathogenic microflora.

The list of HCAI pathogens includes representa-
tives of various taxonomic groups of bacteria, viruses,
protozoa and fungi. More than 90% of all nosocomial
infections are of bacterial origin and, moreover, HCAI
are usually caused by hospital strains of microorgan-
isms. The incidence rate of HCALI in resuscitation de-
partments and intensive care units is 5-10 times higher
than in patients of other departments. HCAI patho-
gens are mostly antibiotic resistant and frequently
there are multidrug resistant microorganisms [1, 14].
ALV-associated pneumonia develops in 5% of inten-
sive care unit patients.

The use of bacteriophages is a modern approach to
the treatment of these types of complications caused
by HCAL. [2]. In addition to the known specific lytic
effect of phages against the corresponding target bac-
teria, there is literature evidence of other effects of
phages in the human body, the immunomodulating
effect in particular [5, 9, 10]. At the same time, the
effect of phage therapy on the immune system is not
well studied.

Our report concerns the observations made during
the treatment of pneumonia with individually selected
bacteriophages in HCAI patients on mechanical ven-
tilation.

Materials and methods

We examined 19 patients on mechanical ventila-
tion whose condition was complicated by antibiotic-
resistant pneumonia.

The treatment of patients was supplemented with
phage therapy, bacteriophages were selected individu-
ally for each patient, taking into account the micro-
bial etiology of the disease (Pseudomonas aeruginosa,
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Klebsiella pneumoniae, Acinetobacter baumanii) in full
accordance with the algorithm protected by the Rus-
sian Federation patent for an invention [13].

Phage therapy course duration was 5 days. In some
cases, it took more than one course of phage therapy
and/or the use of bacteriophages cocktail.

The patient’s immune system state was assessed
before the start of phage therapy and weekly after it
began (a total of 2-5 times).

Immunophenotyping of blood lymphocytes was
carried out using 2-3-parameter flow cytometry (re-
agents and equipment from “Beckman Coulter”,
USA). Serum concentration of IgG, IgA, IgM was
determined by turbidimetry (reagents from “Hu-
man”, Germany). The functional activity of blood
leukocytes was assessed by their ability to produce
IFNa and IFNy during cultivation (stimulants are
Newcastle disease virus and PHA, respectively; dos-
es and stimulation regimen were used in accordance
with [6]). The level of interferons production in su-
pernatants collected after cultivation was quantita-
tively evaluated both by their concentration (ELISA,
reagents from “Vector-Best-Europe”, Russia) and by
their biological activity, in accordance with [6]. The
biological activity of interferons was expressed in
U,/ml which corresponded to the 1/titer of the aboli-
tion of the cytopathic effect of the virus on the human
embryo lung fibroblasts after their incubation with
supernatants of stimulated blood cell culture. Statisti-
cal processing of the results was carried out using the
Statistica 6 program according to the nonparametric
Mann—Whitney U-test.

Results and discussion

Before the start of phage therapy, half of the exam-
ined patients showed lymphopenia, a reduced num-
ber of cytolytic T lymphocytes (CTL), and NK cells.
A decrease in the number of CTL in most patients was
combined with an increase in the percentage of ac-
tivated cells among them (CD3*CD8*CD38%). A de-
crease in the number of T helpers in the blood was
detected in 68.4% of patients, but no increase in the
number of activated ones was detected among them.

In comparison with the normal level, B lympho-
cyte deficiency was registered in less than half of the
patients, and a decrease in IgG concentration was de-
tected in the blood serum of 5 people (26.3%).

The decrease in the number of T helpers and CTL
was accompanied by a decrease in their ability to pro-
duce IFNy, which was discovered both by the con-
centration of IFNy in the culture supernatants and by
the biological activity of these supernatants, while the
production of IFNa practically did not decrease.

The average values of these parameters, as well as
their change immediately after the course of phage
therapy are shown in the Table 1.

In Table 1 you can see that at the end of the one
course of phage therapy, the average numbers and
functional activity of lymphocytes increase, but most
of the changes are not statistically significant. The

reason for this is the probable effect on the immune
system state of patients not only of pneumonia itself,
but of factors associated with the underlying disease
of the patients, which was the reason for their hospi-
talization.

There was also some heterogeneity of patients ac-
cording to the nature of the response to phage thera-
py. Thus, in 9 people out of 19, airway sanitation was
achieved after 1 course of treatment with one bacte-
riophage strain (group 1). However, the other 10 pa-
tients required 2-3 courses or a combination of several
phages and some patients, in addition to the respira-
tory tract, required sanitation for another 1-2 infec-
tion loci (group 2).

The state of the immune system in both groups
was similar: the proportion of patients with lympho-
penia and cell deficiency in individual subpopulations
of lymphocytes was almost the same. However, some
features can be noted.

The percentage of activated T  cells
CD3*CDS8"CD38" was increased initially in patients
of both groups, and the proportion of CD3*HLA-DR*
in group 2 was slightly lower than in group 1 (6.9 ver-
sus 10.9%), and after one course of phage therapy its
increase was significant (15.0%, p = 0.023).

The initial level of IFNy production in group 2 was
also lower than in group 1 (1849 versus 4130 pg/ml),
and after one course of phage therapy it increased sig-
nificantly (7688 pg/ml, p = 0.047), whereas in group
1 the ability of leukocytes to produce IFNy increased
to a lesser extent (from 4130 to 5253 pg/ml).

To statistically evaluate the results obtained and at
the same time take into account interindividual vari-
ability, the change in each parameter was analyzed by
us not only in units of laboratory analysis, but also as a
percentage of the initial state.

Table 2 in this aspect presents the dynamics of in-
dividual indicators for a period of 3 weeks after the
start of phage therapy. From 19 patients, 11 were ob-
served by us for 3 or more weeks, including 5 people
from group 1 and 6 people from group 2.

Table 2 demonstrates that immediately after the
completion of one course of phage therapy, the num-
ber of lymphocytes in such subpopulations as T help-
ers and NK cells significantly increases. Considering
whether there was a deficiency of these cells in each
patient before the start of phage therapy and its level,
the magnification rate was different, but on average
it was 1.5 for T helpers and 1.5-2 times for NK cells.

Functional activity of lymphocytes was also
registered at a higher level. The percentage of
CD3*"HLA-DR" increased immediately after 1 course
of phage therapy and remained at this and higher
level for 3 weeks of observation. The percentage of
CD3*CD8*CD38" increased to a lesser extent, but
this parameter was already initially increased in pa-
tients compared to parameters of healthy people (see
Table 1).

The ability of blood lymphocytes to produce IFNy
also increased after phage therapy and continued to
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TABLE 1. CHANGE IN THE IMMUNE SYSTEM STATE OF PATIENTS AT THE END OF ONE COURSE OF PHAGE THERAPY

Before phage After .
therapy 5-10 days Normal limits
Lymphocytes (10%/ml) 1407 1698 1500-2800
T cells (CD3*, 103/ml) 1075 1276 1100-2000
T helpers (CD3*CD4*, 10%/ml) 673 762 750-1200
CTL (CD3*CD8*, 10%/ml ) 370 470 300-700
CD4*/CD8* 212 1.83 1.6-3.00
B cells (CD3-CD19*, 10%/ml ) 138 159 100-500
NK cells (CD3-CD16*CD56*, 103/ml ) 161 227 150-550
CD3*CD69* (%) 3.2 3.3 <10
15.5*
+ - + (0,
Activated T cells CD3'HLA-DR" (%) 8.7 p=0.03 <10
27.1*
+ + + (0,
CD3*CD8*CD38* (%) 15.9 b = 0.04 <10
IgG, mg/ml 9.3 - 7.6-18.9
Concentration IgM, mg/ml 12 - 0534
in serum
IgA, mg/ml 2.4 - 0,8-3.5
. 6785*
. concentration, pg/ml 2990 _ 2000-25000
IFNy production p=0.04
biol. activity, U/ml 15 24 32-128
. concentration, pg/ml 231 260 100-500
IFNa production - —
biol. activity, U/ml 110 130 160-640

Note. *, significant difference from the level before phage therapy.

TABLE 2. DYNAMICS OF THE IMMUNE SYSTEM STATE OF PATIENTS WITHIN 3 WEEKS AFTER PHAGE THERAPY

Average value of changes in % of the initial state
Indicator
just after in 2 weeks in 3 weeks
. N . 188 206
NK cells (CD3-CD16*CD56*) b =001 b= 0.02 135
. . 149 126
T helpers (CD3*CD4*) b =003 142 b =001
. N 157 227 21
Activated T cells (CD3*HLA-DR) b =004 b =0.01 p=0.03
Activated T cells (CD3*CD8*CD38*) 110 120 180
. - 246 180
IFNy (biol. activity) 173 b = 0.04 b =003
. .. 108
IFNq (biol. activity) b =0.03 107 98

Note. As for Table 1.

increase or remained at the achieved level through-
out the observation period, and the change in IFNa
production did not occur in all patients and was not
statistically significant.

Although the stimulating effect of bacteriophages
on the immune system, shown in experiments in vivo
and in vitro is known from the literature [4, 8, 10, 15],
the changes that we observed in the immune status of

patients after phage therapy would probably be more
correctly regarded as not immunostimulation, but re-
distribution of lymphocytes between individual sites
of the immune system.

It is believed that immune protection in the lungs
is provided by both non-recirculating cells of innate
immunity [3] and T cells. The role of memory T cells
is to rapidly deploy a specific immune response, acti-
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vate the resident elements of the immune system, and
attract circulating immune cells to the lungs [7]. It was
shown that the outcome of a pulmonary infection as-
sociated with Pseudomonas aeruginosa depends on the
number of T helpers and the polarization of the im-
mune response at their level [12], and NK cells are the
main producers of IFNy in the lungs and are rapidly
activated for this purpose (within 1 day [11]).

It is possible that the decrease in antigenic load
in the respiratory tract, achieved immediately with
successful phage therapy, reduces the need for these
cellular elements, and an additional number of lym-
phocytes, including activated ones, appear in the pe-
ripheral blood. The question of whether the state of
the immune system after 3 weeks or more is associ-
ated with the immunomodulating effect of the bacte-
riophage remains open.

Conclusion

Thus, in the course of successful phage therapy
with individually selected bacteriophages overcoming
of lymphopenia (if there was one) and an increase in
both the number and functional activity of peripheral
blood lymphocytes in all patients with pneumonia.

The relationship between the microbial load
(mono- or mixed infection, the number of CFU
pathogens of pneumonia, the need for repeated
courses of phage therapy) and the degree of deficiency
in one or another subpopulation of lymphocytes was
not detected.

Activation of the immune system achieved after
one course of phage therapy was maintained for at
least 3 weeks after phage administration was discon-
tinued.
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