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Abstract

Hemorrhagic fever with renal syndrome (HFRS) is a feral herd infection caused by Hantaviruses. This infection is manifested with

hemorrhagic diathesis, hemodynamic abnormalities, and kidney injury. Clinical manifestations of HFRS includes febrile, oliguric,

polyuric, and convalescence periods. This is a pattern of immune response at different stages of HFRS. It was demonstrated that the

CD3+CD8+ T cell response was delayed cellular response. This pattern can be accounted for high levels of regulatory T cells which

inhibit both lymphocyte functions and inflammation. This phenomenon should be considered as a protective reaction to reduce

systemic damage in HFRS.
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Abbreviations

ARF: Acute Renal Failure; CD: Cluster Differentiation Marker; CTL:
Cytotoxic T Lymphocyte; DAP: Death-Associated Protein; HFRS: H
Emorrhagic Fever With Renal Syndrome; IL: interleukin; ILR: Re-
ceptor To Interleukin; MIC: MHC Class I-Related Chain; NK: Natural
Killer Cell; NKT: Natural Killer T Lymphocyte; NKG2D: Lectin Acti-
vating Receptor Expressed; Treg: Regulatory T Cells

Introduction

Hemorrhagic fever with renal syndrome (HFRS) - Acute feral
herd viral disease, manifested by hemorrhagic syndrome, hemo-
dynamic disorders and kidney damage with the development of
acute renal failure [7]. The disease is caused by hantaviruses [3]. In
Russia, the etiology of HFRS in humans is associated with 5 types
of hantaviruses. The most active focal area is located in the Urals

and Middle Volga region, which includes the Samara region, where

the main causative agent of the disease is type Puumala. It is noted
that the disease caused by Hantavirus type Puumala has a relative-
ly mild course, hemorrhagic manifestations are recorded only in

8-9% of patients, mortality in this form does not exceed 0.5% [7].

The HFRS pathogens infect mainly the endothelial cells and rep-
licate in them without a cytopathic effect [12]. The endothelium of
the capillaries and small vessels is mainly affected; with regard to
kidney damage, a very characteristic sign of HFRS is the rupture
of intercellular contacts in the renal glomeruli endothelial cells in-
fected with hantaviruses [9]. The number of cells sensitive to these
viral pathogens also includes macrophages, dendritic cells, lym-
phocytes, neutrophils, and platelets [11]. Like many other patho-
genic viruses, hantaviruses have an indirect effect on the infected
organism through the immune system, which carries out both the

innate and adaptive immune response [2,4].
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In the literature of recent years there are isolated information
about the effect of renal noninfectious genesis on the immune sta-
tus [8], although the significance of acute renal failure in the immu-

nopathogenesis of HFRS has not been practically studied.

The following periods of illness are clinically distinguished
: incubation (from 1 to 5 weeks, on average 2-3 weeks), feverish
(initial, general toxic ), lasting on average from 3 to 7 days, oliguric
(on average 6-12 days ), polyuric (on average, 6-14 days ), recovery
period (from 2 months to 2-3 years) [6].

The aim of the work was to analyze the pattern of the immune
response in HFRS at different stages of the infectious process and

the role of acute renal failure in the observed immunological shifts.

Materials and methods

Were under surveillance 65 patients with HFRS throughout all
stages of the infectious process. The diagnosis of HFRS was veri-
fied on the basis of epidemiological data and by determining IgM
and IgG antibodies to the hantavirus nucleocapsid protein using
paired sera. The comparison group included 9 people with acute
renal failure of non-infectious genesis who were admitted to hos-
pital for hemodialysis. The control group of clinically healthy peo-

ple during laboratory tests consisted of 16 people.

Phenotyping of the immune system cells in the blood of sick

and healthy people was carried out using flow cytofluorimetry.

To characterize the adaptive immune response in patients with
HFRS at the phenotypic level, the following were examined: the
numerical composition of B- (CD19+) and T-lymphocyte (CD3+)
populations, T-helper subpopulations (CD3+CD4+), cytotoxic
T- lymphocytes (CD3+CD8+), regulatory T cells (CD3+FoxP3+)
with both CD4+ and CD8+, as well as expression of the activa-
tion marker CD25 by T-lymphocytes (CD3+CD25+) and activat-
ing lectin receptor NKG2D (CD314) by cytotoxic T-lymphocytes
(CD3+CD8+CD314+). Among the lymphocytes of innate immunity,
natural killer T-lymphocytes (EKT, CD3+CD56+), natural Killer
cells (NK, CD16+CD56+), and NK cells, expressing NKG2D activat-
ing lectin receptors (CD16+CD56+CD314+) associated with the in-
duction of the cytotoxic activity of these cells. Statistical analysis of
the results was carried out on the basis of the statistical software

package SPSS, version 21.

Results and Discussion

The results of the analysis of the relative content in the blood of
adaptive immunity lymphocytes of various populations/subpopu-
lations in patients with HFRS in different periods of the disease in
comparison with the control are presented in Figure 1, reflecting

the percentage deviations of patients from the control values. Al-
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most all indicators of basic immunograms of patients with HFRS at
a particular stage of the disease are informative and show signifi-
cant differences with the control, and unique for each category of
lymphocytes. Thus, the number of B-lymphocytes was significantly
higher than the control values only in the oliguric period, which,
according to the pattern of antibody production in HFRS, accounts

for the onset of the development of the humoral immune response.

CD16+CDS6+CD314+ CD3+

CD16+CDS6+ CD3+CD4+

CD3+CDS56+ CD3+CDB+

COSHCDBHFOxPR - CD34CDECD314+

CD3+CD4+FoxP3+ CD34CD25+

— Control

e HF RS, febrile period

== == = HFRS, oliguric period
""" HFRS, polyuric period
e HF RS, convalescence period

Figure 1: Percentages of deviation from patients with different
levels of disease.

The relative number of T-lymphocytes still in the febrile period
acquires a tendency to decrease and then remains significantly
lower than in the control. This phenomenon may be associated
with the migration of T-lymphocytes from the bloodstream to the
main target organ for exposure to the HFRS pathogen, the kidney,
as well as the possibility of suppressing the lymphocytic response
by regulatory T-cells. Both of these causes can also affect the de-
cline in blood of T-helper subpopulations, which become statisti-
cally significant in the polyuric period. The number of cytotoxic T-
lymphocytes (CTL), on the contrary, significantly increases in the

polyuric period.

A certain role in the activation of the cytotoxic subpopulation
of T-cells is likely to be played by the expression of this category of
lymphocytes activating lectin receptors NKG2D (CD314). The num-
ber of CD314+ CTLs significantly increased even during the febrile
period and remains at a level of 3.2-4 times the control values dur-

ing the whole disease.

The most characteristic feature of the adaptive immune re-
sponse in HFRS is a very significant increase in the presence of
regulatory T-lymphocytes (Treg) in the blood with their suppressor
activity. Inducible regulatory T cells in the course of the immune re-
sponse can be formed by reprogramming both CD4+ T-helpers and
CD8+ cytotoxic T-lymphocytes, while maintaining the phenotype of
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these cells. The number of these cells is increased throughout the
entire disease, especially since the oliguric period, and the num-
ber of CD8+ Treg increases especially significantly. This coincides
with a significant drop in the number of activated T-lymphocytes

(CD3+CD25+) in the blood, starting from the oliguric period.

Among lymphocytes of innate immunity deserve special at-
tention natural Kkiller cells (NK) with phenotype CD16+CD56+,
whose immunopathogenetic role in HFRS noted in the scientific
literature, and natural killer T lymphocytes (NKT) with phenotype
CD3+CD56+, the description of the pathogenetic significance of
which in this disease was not found in the available sources.

In the oliguric period, NKT tended to increase, although this in-
crease was not significant. In the polyuric period, the increase in
the content of these cells in the blood was statistically significant.

During the recovery period, the median of NKT share among lym-
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phocytes was 1.8 times higher than the control values, but because

of the pronounced scatter of data, these deviations lost confidence.

The content of NK in the blood significantly increased in the
oliguric period, however, the expression of activating NKG2D re-
ceptors by these cells decreased. During the polyuric period, the
number of NK cells tended to grow, but the expression of activating
lectin receptors by these cells continued to fall. Such dynamics per-

sisted in the period of convalescence.

Assessing the results obtained from pathogenetic positions and
from the standpoint of planning therapeutic measures, it is impor-
tant to determine to what extent they are associated with the char-
acteristics of the viral pathogen or the development of acute renal
failure. To answer this question, a comparison was made of immu-
nological signs in patients with HFRS in the oliguric period with
those in patients with acute renal failure (ARF) of non-infectious

genesis (Table 1).

Median [ minimum; maximum]
Lymphocyte
HFRS patients, oliguric Patiets with nonifectional Healthy persons (control) n = pP,p,
phenotypes
period, n = 65 renal failure,n =9 16
CD19 + 13.6 [5; 25] 11.4[7.6; 15.2] 10.5[2.5; 15.7] 0.048 *
=0,502
Ps 0.514
CD3 + 67.8 [50; 82] ‘ 76 [30; 80.4] 75 [62; 87] 0.033*
=0,225
Ps 0.867
CD3 +CD4 + 36.3[19.5; 46.8] ‘ 32.8[17.5; 52] 41 [14; 57] 0.069
=0,874
Ps 0.437
CD3 +CD8 + 27 [19.6; 78] ‘ 26.5[12.5; 50] 28 [16; 71] 0.678
=0.833
Ps 0.956
CD3 + CD8 + CD314 + 24.2 [7.2; 48.9] \ 13.5 [5.5; 49.6] 12.6 [9.6; 27] <0.001 *
=0.045*
Ps 0,828
CD3 +CD25 + 4.1[1.1; 8.9] \ 3[1,4; 4.1] 7.5[2.6; 7.8] 0.042 *
=0.013*
Ps 0.032*
CD3 + CD4 + FoxP3 + 10.7 [5.2; 16.3] \ 4.3[3.2; 5.4] 3.05[2.3; 8.1] <0.001 *
=0.011*
Ps 0.410
CD3 + CD8 + FoxP3 + 14.8 [3.5; 23.9] \ 0.6 [0.2; 4,5] 0.45[0.1; 4,4] <0.001 *
=0.011*
Ps 0.534
CD3 + CD56 + 4.7 [1.7; 30.6] ‘ 13 [10; 27] 3.4 [2.3; five] 0.139
=0.002 *
Ps 0.001 *
CD16 + CD56 + 16.9 [9; 53] ‘ 10 [3.4; 15] 12.9[9.5; 27.7] 0.045*
=0.002*
Ps 0.040 *
CD16 + CD56 + 7.2 [1; 16.3] \ 9.7 [4.1; 18] 9.6 [7.7; 21.6] 0.079
CD314 + p3=0‘329
0.780

Table 1: Indicators of the content (%) in the blood of lymphocytes of the innate and adaptive immune response in patients with HFRS
and in the comparison groups.

Note: n - the number of patients in the group; p , - probability of differences between HFRS patients and controls; p , - the probability
of differences between ARF patients and controls; p , - the probability of differences between HFRS and ARF patients; * - significance of
differences (by Mann-Whitney U-test) at p <0.05.
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As follows from the table, the impact of acute renal failure of
non-infectious genesis on immune processes is manifested pri-
marily in a significant increase in the number of NKT in the blood,
which is 38.2 times higher than the content of these cells in blood
samples of healthy people and 2.8 times patients with HFRS. The
tendency to increase in the number of these cells was previously
noted by us and in HFRS, but it was not reliable and it can now be
fully associated with the occurrence of acute renal failure in this

disease.

All other immunological signs of the HLPS oliguric period are
an increase in the relative number of B-lymphocytes with a drop in
the number of T-cells, an increase in CTL expression of activating
lectin receptors NKG2D (CD314) and a decrease in the expression
of IL-2 receptors in T-cells (CD25), high blood levels of regulatory
T-cells (FoxP3+) and NK cells - can be interpreted as manifesta-

tions of hantavirus infection.

For a more accurate interpretation of the data obtained from
the point of view of the role of the functional state of the lympho-
cytes of the innate and adaptive immune response in the patho-
genesis of HFRS, a correlation analysis was conducted using the
Spearman correlation coefficient (r), the results of which are pre-

sented in Figure 2.

Figure 2: Significant correlation between the receptors in the
HFRS: r - Spearman correlation coefficient, positive correla-

tion, negative correlation).
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Despite the conventionality of the values of correlations, their
analysis provides quite a lot of information about the relationship
of lymphocytes of different phenotypes in HFRS. Of particular in-
terest were the relationship of expression of activating receptors
of different nature with the content of different populations/sub-
populations of lymphocytes in the blood in HFRS and, above all,
lymphocytes with cytotoxic activity.

The presence of an activating receptor CD25 (a-chain recep-
tor for IL-2) was determined on the T-lymphocyte membrane
(CD3+CD25+) and showed a decrease in the number of cells ex-
pressing this receptor (negative correlation, r = -0,328). Judging by
the analysis of correlations, the fall in CD25 expression was due to
a subpopulation of cytotoxic T-lymphocytes (r = -0.625).

Expression of activating receptors CD314 ( NKG2D) was deter-
mined on the membrane of cytotoxic T-lymphocytes and natural
killer cells, in the first case a positive correlation was established
(r = 0.720), and in the second - negative (r = -0.447), which fully
corresponds to the dynamics of these cells in the blood . The ex-
pression of NKG2D receptors was in a negative relationship with
a high content of regulatory T cells in the blood, which, according
to correlations, exerted an inhibitory effect on T lymphocytes as a
whole. The balance between the expression of NKG2D and CD25 (r
=-0.558) is also interesting.

Should be noted such a phenomenon as a positive correlation of
ECT associated with the development of renal failure, and cytotoxic
T-lymphocytes (r = 0.376).

Discussing the results, we should focus on three key points. The
first aspect concerns the role of cells with cytotoxic activity - cyto-
toxic T-lymphocytes (CTL) and natural killer cells (NK) in the im-
munopathogenesis of HFRS. CTLs belong to the adaptive immune
response cells and are induced by viruses, presented by the affect-
ed cells, and NKs are innate immunity lymphocytes, the cytotoxic
effects of which are triggered by a special system of inhibitory and
activating receptors that respond to signals from histocompatibil-
ity class I stress-induced molecules, patterns of cellular damage
[1]. The percentage of CTL in the blood did not significantly change
with HFRS or non-infectious genesis of ARF against the background
of the decline in their expression of the early activation marker
CD25 by other T lymphocytes, but the expression of the activating
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lectin receptor NKG2D by cytotoxic T lymphocytes significantly in-
creased. The percentage content of the NK cells on the contrary,

increased when HFRS against decrease NKGD2 expression.

The fact is that many cells of the immune system can demon-
strate the ability to express the lectin receptor NKG2D. First of all,
cells with cytotoxic activity belong to them - NK, NKT, y§ T cells,
CD8+ T cells, certain categories of CD4+ T cells [5,13], however,
there are differences in the functioning of NKG2D on the mem-
brane of these cells. In particular, this receptor realizes the signals
coming from it in natural killer cells and cytotoxic T-lymphocytes
in different ways. Ligands for this receptor are, as a rule, stress-in-
ducible MICA and MICB molecules on the surface of virus-infected
and other abnormal cells [1]. In case of viral infections, the NK cells
includes 2 signaling pathways - with the participation of adapter
molecules Dap 12 (via Syk) and Dap 10 (through PI3-kinase), and
in CTL - only with the participation of Dap 10 [10]. As a result, in
NK cells, the interaction of NKG2D with its ligands leads both to a
cytotoxic effect and to the release of cytokines and cytotoxic T cells

use signals coming through NKG2D only for their activation [14].

According to our data, the expression of NKG2D by cells of the
adaptive immune response - CTL (CD3+CD8+CD314+) increases
dramatically in HFRS mainly in response to the infection of en-
dothelium cells with hantavirus, since in non-infectious genesis
of ARF this growth is may be triggered by own damaged cells
with the participation of other factors, expressed to a much less-
er extent. This hypothesis is confirmed by the absence or even a
decrease in the proportion of NK cells expressing this receptor
(CD16+CD56+CD314+). Given the current understanding of the
dual (virus-eliminating and damaging) role of CTL in HFRS [6],
it can be assumed that the balance in the activation of CTL/NK is

aimed at reducing the immuno-damaging effects.

From this point of view, an increase in the number of regulatory
T cells (CD3+FoxP3+) in HFRS in both CD 4+ and, especially, CD8+
can be interpreted. With the participation of these cells, which sup-
press, including, cytotoxic reactions, the immune system limits the
effects of damage to the endothelium and the renal glomeruli [8].
It can be assumed that induction of regulatory T-cells is caused by
hantavirus, as it is observed in HFRS, but not in non-infectious gen-
esis of ARF.
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Another interesting point concerns NKT (CD3+CD56+) lym-
phocytes, capable of producing both IFNy, a cytokine of type 1,
inducing cellular immune responses, and type 2 cytokines (IL-10,
IL-4), which influence the development of the humoral immune
response [1]. In the experiment, it was shown that type 2 NKTs
manifest themselves most effectively in acute renal failure, thereby
suppressing hypoxia-induced death of epithelial cells of the renal
tubules [15]. Judging by our data, this mechanism, the possibility
of which is confirmed by a very significant increase in the number
of NKTs for non-infectious respiratory infections, is significantly
reduced in HFRS, and protective reactions aimed at limiting cellu-
lar damage and providing, in fact, the patient’s survival above the

mechanisms.

Conclusion

Immunological changes in hemorrhagic fever with renal syn-
drome, on the one hand, due to hantavirus and include the drop
in the number of T-lymphocytes due to a subpopulation of T-
helper cells (CD3+CD4+), an additional stimulation of the expres-
sion activating lectin receptor NKG2D by cytotoxic T cells but not
natural killers. On the other hand, changes in the immune status
can also be associated with kidney damage, manifested by acute
renal failure and associated with an increase in the number of
NKT (CD3+CD56+). A very important feature of the immune re-
sponse in HFRS is a significant and sustained growth, starting
from a febrile period, the content of regulatory T cells in the blood
(CD3+CD4+FoxP3+ and CD3+CD8+FoxP3+). This and other fea-
tures of the immune response show their possible focus on limiting

the immune mechanisms of systemic cell damage in HFRS.
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