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ABSTRACT

Background. It is known that COVID-19 can be followed by a shift in the hemostatic
system towards hypercoagulation, which is more pronounced in the presence of dia-
betes mellitus (DM). Tuberculosis process is often accompanied with hypercoagulation
syndrome. Of great interest is the study of the state of hemostatic systems in patients
with pulmonary tuberculosis (TB) with concomitant DM who have had COVID-19.

The aim. To study the relationship between the state of the hemostatic and fibrinolysis
systems and moderate and severe COVID-19 in patients with pulmonary tuberculosis
and diabetes mellitus.

Methods. Thirty two patients with TB and DM were divided into two groups. Group 1 in-
cluded 16 patients with TB and DM who have previously had COVID-19 (TB-DM-COVID).
Group 2 included 16 patients with TB and DM who did not have COVID-19 (TB-DM).
Results. It was found that TB-DM-COVID patients were more likely to develop a hy-
percoagulable shift compared to TB-DM patients. This was evidenced by a more fre-
quent shortening of such indicator as activated partial thromboplastin time (43.7 %
and 25.0 % of cases, respectively; x* = 7.22; p = 0.01), an increase in fibrinogen levels
(43.7 % and 25.0 %, respectively; x> = 7.22; p = 0.01) and D-dimer (43.7 % and 18.7 %,
respectively; x’ = 14.74; p = 0.0001). These changes were closely associated with the sys-
temic inflammatory response, as strong and positive correlations were found between
fibrinogen and C-reactive protein levels (r = 0.420; p = 0.01), and erythrocyte sedimen-
tation rate (r = 0.433; p = 0.01) in TB-DM-COVID patients.

Conclusion. In patients with pulmonary tuberculosis and diabetes mellitus after
moderate and severe COVID-19, compared to patients who have not had COVID-19,
a hypercoagulable shift associated with the development of more pronounced sys-
temic inflammation develops more often.
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PE3IOME

O6ocHosaHue. Vi3gecmHo, umo npu COVID-19 8 cucmeme 2emocmasa Habnwooa-
emca c08uU2 8 CMOPOHY 2unepKoazynAyuU, Komopsili Hocum 6oJsiee 8bipaxeHHbIl
Xapakmep npu Hanau4uu caxapHozo ouabema (C[J). CnymHukom my6epKyné3Hozo
npouecca 4acmo A8/79emca 2unepKoa2yaAYUOHHbIU cUHOpoM. bonbwol uHmepec
npedcmassasem usyyeHue COCMOAHUA cuCmeM 2eMocmasa y 60/1bHbIx my6epKyné-
3om nézkux (Tb) c conymcmayrowum C/l], nepeHécwux COVID-19.

Llenv uccnedosanus. VI3yyume 83aumMoceasb Mexoy COCMOSHUEeM CUCmem 2emMo-
cmasa u ubpuHonusa u nepeHecéHHo2o COVID-19 cpedHel u maxénoli cmeneHu
y 60/16HbIX MYybepKynE30M 1E2KUX U CaxapHuIM ouabemom.

Memooel. 32 60nbHeix Th u CJ] 6binu pasdesneHesl Ha 08e epynnel. B nepsyio epynny
sowsiu 16 6onbHbIx Tb u Cf], komopesie paHee nepeHeciu COVID-19 (Tb-CA-COVID,).
Bmopas epynna eknoyana 16 6oneHeix Tb u CJ], komopele He neperecnu COVID-19
(Tb-C/A).

Pesynemamel. boisio 06HapyxeHo, Ymo y 6onbHbix Tb-C-COVID yawe passusain-
CA 2UNepKoazyIAYUOHHbIU cO8U2 NO CpasHeHUIo ¢ 6osbHbIMU Th-Cll. 06 3mom ceu-
Odemesibcmaosasio 6osiee Yyacmoe yKopo4yeHue mako2o0 nNoKasamess, KaKk akmusu-
pOBAHHOE Ydcmuy4yHOoe mpomboniacmuHosoe 8pems (coomsemcmeeHHO 43,7 %
u 25,0 % cnyyaes; x> = 7,22; p = 0,01), nogbiweHue yposHa ubpuHozeHa (coomeem-
cmeeHHO 43,7 % u 25,0 %; x*> = 7,22; p = 0,01) u D-dumepa (coomeemcmeeHHo 43,7 %
u 18,7 %; x> =14,74; p = 0,0001). 5mu usmeHeHuUA 6bl71U MECHO C8A3AHbI C CUCMEMHbIM
80CNaAUMesIbHbIM OMBEMOM, NOCKOJIbKY bbl/lu OBHAPYKeHbl MeCHble U N03UMUBHbIE
KOppenAayuUOHHble C8A3U Mex0y yposHeM pubpuHo2eHa u yposHem C-peakmugHo20
6esnka (r = 0,420; p = 0,01), a mak»xe ckopocmeoio ocedaHus spumpouyumos (r = 0,433;
p=0,01)y 60onbHeix Tb-C-COVID.

3aknyeHue. Y 6onbHbix Thb u C/[], nepeHécwiux COVID-19 cpeoHeli u maxénol
cmeneHu, no cpasHeHUto ¢ 60/1bHbIMU, He nepeHécwumu COVID-19, yawe paseu-
s8aemcsa 2unepkodz2yIAyUOHHbIU c08U2, C8A3AHHBIU C pazsumuem 6os1ee 8bIpaKeH-
HO20 CUCMeMHO020 80ChasIeHUA

Knioyeswie cnosa: mybepkynés nézkux, caxapHelli ouabem, COVID-19, zemocmas,
ubpuHOIU3, CUCMeMHOe 8ocnaseHue

Ona untnpoBanua: A6gynnaes PIO., Komuccaposa O.I., LLlopoxosa B.A. YpoBeHb MapKe-
pOB crcTem CBEPTbIBaHNA U GrbPUHONK3a y 60MbHbIX Tyb6epKyné3om NErknx C ConyTcTBy-
IOWMM CaxapHbIM AnabeTom nocne nepeHecéHHon COVID-19. Acta biomedica scientifica.
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INTRODUCTION

Currently, despite improvements in a number of ep-
idemiological indicators for tuberculosis (TB) both glob-
ally and in the Russian Federation, the situation remains
alarming. According to the global report of the World
Health Organization (WHO), 10.6 million people fell ill
with tuberculosis in 2022 [1]. In the Russian Federation,
the incidence of tuberculosis in 2022 was 31.11 cases
per 100,000 population (45,377 cases) [2]. There are sev-
eral reasons for the tense situation, including the conse-
quences of the recent coronavirus infection COVID-19
outbreak, which had a significant impact on the imple-
mentation of anti-tuberculosis measures [3, 4], as well
as the significant spread of diabetes mellitus (DM), which,
according to the WHO global report on tuberculosis,
is one of the five main factors creating the risk of devel-
oping tuberculosis [1, 5, 6]. According to literature data,
diabetes mellitus has been diagnosed in more than 15 %
of the population (1.5 million people) of tuberculosis pa-
tients worldwide [7-9].

Today, the clinical burden of COVID-19 has signifi-
cantly decreased [10]. Despite this, the infection con-
sequences remain significant worldwide [11]. A certain
amount of information has accumulated in the literature
indicating the COVID-19 impact on the clinical, radiologi-
cal and laboratory parameters of the tuberculosis process
[12, 13]. It is known that with COVID-19, a hypercoagula-
ble shiftin the hemostasis system is observed, whichis ac-
companied by intravascular blood coagulation (IVBC),
and these changes are closely related to the systemic in-
flammatory response [14, 15]. There is also evidence that
the tuberculosis development in patients with diabetes
is accompanied by a hypercoagulable shift [16]. In these
conditions, the study of the state of the coagulation
and fibrinolytic systems in TB patients with concomitant
diabetes mellitus who have a COVID-19 history is of great
interest.

THE AIM OF THE STUDY

To study the relationship between the state of the he-
mostasis and fibrinolysis systems and the COVID-19 histo-
ry in patients with pulmonary tuberculosis and concomi-
tant diabetes mellitus.

METHODS

A prospective cohort study was performed. Thirty
two patients with pulmonary TB and diabetes mellitus
were divided into two groups. The first group included
16 patients with pulmonary TB and concomitant diabetes
mellitus, who had a history of COVID-19 infection (TB-DM-
COVID). The second group included 16 patients with pul-
monary TB and concomitant diabetes mellitus who had
not had COVID-19 (TB-DM). The time from recovery
from COVID-19 to admission to the tuberculosis hospital

in patients included in the study was up to 6 months. All
patients had moderate to severe COVID-19 before admis-
sion to the clinic.

The study included: patients aged 18 to 60 years
with pulmonary tuberculosis and a history of type
1 and type 2 diabetes mellitus, as well as confirmed in-
fection caused by COVID-19, moderate or severe in ac-
cordance with the temporary guidelines of the Ministry
of Health of the Russian Federation [17], as well as patients
aged 18 to 60 years with pulmonary tuberculosis, a history
of type 1 and type 2 diabetes mellitus, who have not had
COVID-19.

The study excluded patients with HIV infection,
chronic diseases in the decompensation stage, malignant
neoplasms, alcoholism, drug addiction, and pregnancy.

There were 56.3 % men and 43.7 % women in each
group. The patients’age ranged from 18 to 60 years (me-
dian 45.5 years). Newly diagnosed and previously treat-
ed pulmonary TB occurred in equal proportions in both
groups (50.0 % and 50.0 %, respectively). The incidence
of patients with different forms of pulmonary tuber-
culosis in both groups also did not differ statistically
significantly. Patients with tuberculomas were more
common (37.6 % in each group), while focal pulmonary
tuberculosis was less common (25.0 % in each group).
The incidence of patients with infiltrative tuberculosis
was 18.7 %, and with cirrhotic tuberculosis was also
18.7 % (in each group).

In the TB-CD-COVID group, lung decay and bacterial
excretion were observed in 43.8 % of patients, in the TB-
CD group - in 31.3 % of patients (p > 0.05). Preserved
drug sensitivity of Mycobacterium tuberculosis (MBT)
to anti-tuberculosis drugs was observed in 56.3 % of cas-
es in the TB-CD-COVID group and in 43.8 % in the TB-CD
group. Patients excreting MBT with multiple and ex-
tensive drug resistance were observed in both groups
in 31.3 % of cases.

Type 1 diabetes was detected in 11 (68.7 %) patients
in the TB-DM-COVID group and in 8 (50.0 %) patients
in the TB-DM group (p > 0.05). Type 2 diabetes was de-
tected in 31.3 % of patients in the TB-DM-COVID group
and in 8 (50.0 %) patients in the TB-DM group (p > 0.05).
Complications of diabetes were diagnosed in the form
of retinopathy (in 25.0 % of the TB-DM-COVID patients,
in 18.7 % of the TB-DM group; p > 0.05), polyneuropathy
(in 7 (43.7 %) and 6 (37.5 %) patients, respectively; p > 0.05),
nephropathy (in 5 (31.5 %) and 4 (25.0 %) patients, respec-
tively; p > 0.05), encephalopathy (in 1 (6.2 %) and 1 (6.2 %)
patient, respectively; p > 0.05). The incidence of comorbid-
ities in the compared groups also did not differ statistical-
ly significantly. Hypertension was observed in 4 (25.0 %)
patients in the TB-DM-COVID group, and in 5 (31.2 %)
patients in the TB-DM group (p > 0.05); cardiovascular dis-
eases — in 4 (25.0 %) and 3 (18.7 %) patients, respective-
ly (p > 0.05); viral hepatitis — in 2 (12.5 %) and 2 (12.5 %)
patients, respectively (p > 0.05); obesity — in 2 (12.5 %)
and 2 (12.5 %) patients, respectively (p > 0.05); chronic
obstructive pulmonary disease —in 1 (6.2 %) and 1 (6.2 %)
patient, respectively (p > 0.05).
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As can be seen from the presented data, the com-
pared groups in this study did not differ statistically
significantly in terms of demographic indicators, clin-
ical and radiological signs, as well as laboratory char-
acteristics of the course of the tuberculosis process
and diabetes.

A detailed examination of patients included
in the study was conducted at the clinic of the Central Sci-
entific Institute of Tuberculosis using clinical, radiological
and laboratory methods.

To assess the plasma hemostasis system state, chang-
es in the parameters of activated partial thromboplastin
time (APTT), thrombin time (TT), prothrombin time (PT)
and fibrinogen (F) were studied. The anticoagulation sys-
tem state wasassessed by thelevel of antithrombin Il (AT 1I).
The fibrinolytic system activity was judged by the content
of D-dimer in the blood plasma. Along with this, some pa-
rameters of the clinical blood test were assessed, which
indicate changes in the platelet link of the hemostasis sys-
tem: the platelet count (PLT), the thrombocrit index (TI)
and the values of the relative platelet distribution width
(PDW). Of the markers of the systemic inflammatory re-
sponse, the content of acute phase proteins (C-reactive
protein (CRP) and F) in the blood serum was determined,
and, in addition, the erythrocyte sedimentation rate (ESR)
was studied.

Laboratory tests were conducted upon admission
of patients to the clinic of the Central Scientific Institute
of Tuberculosis before the start of anti-tuberculosis che-
motherapy. To determine the reference values of the above
laboratory tests, serum and plasma tests were performed
in 47 healthy volunteers.

The study was conducted in accordance with the ethi-
cal principles of the World Medical Association Declaration
of Helsinki (“Ethical Principles for Conducting Medical Re-
search Involving Human Subjects”). The local Ethics Com-
mittee of the Central Scientific Institute of Tuberculosis ap-
proved this study (Protocol No. 1 dated January 18, 2021).
Voluntary informed consent to participate in the study was
obtained from all patients in written form.

The patient database was created using MS Excel (Mic-
rosoft Corp., USA) and SPSS Statistics, version 27 (IBM Corp.,
USA).The Kolmogorov - Smirnov criteria were used to assess
the distribution of values. The frequency (in %) with which
certain values of qualitative features occurred in the sam-
ple was used to describe qualitative data. Quantitative data
were described using the median (Me) and percentiles
(Q1 and Q3). The hypothesis about the equality of sam-
ple means was tested using the Mann - Whitney criterion.
The Pearson’s x? criterion was used to assess the statisti-
cal significance of differences in the frequency of features
of the compared samples depending on their size. Differ-
ences were considered statistically significant at p < 0.05.

THE RESULTS OF THE STUDY

The analysis of the occurrence frequency of var-
ious deviations in the parameters of the coagulation
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and fibrinolysis systems in patients with pulmonary
tuberculosis, with concomitant diabetes mellitus, who
have had COVID-19, is presented in Table 1.

As can be seen from the data provided, the APTT
indicator was shortened in 43.7 % of cases in the TB-
DM-COVID-19 group of patients, and in 25.0 % of cases
in patients with pulmonary tuberculosis with concomitant
diabetes mellitus who had not had COVID-19 (XZH= 7.22;
p = 0.01). APTT shortening is one of the indicators
of the hypercoagulable shift presence. PT shortening,
which also indicated the hypercoagulable shift presence,
was observed with the same frequency in the compared
groups (25.0 % and 25.0 %, respectively; p > 0.05). A de-
crease in the AT lll level, which is one of the indicators
of the hypercoagulation presence, was observed only
in the group of patients with pulmonary TB with con-
comitant diabetes mellitus who had COVID-19 (18.7 %).
In the group of patients who did not have COVID-19, no
such cases were detected. An increase in the F content,
which is also one of the markers of the hypercoagulable
shift presence, was more often detected in the group
of patients with TB-DM-COVID compared to patients
with TB-DM (43.7 % and 25.0 %, respectively; x> = 7.22;
p = 0.01). There were no changes in the TB indicator
in both groups of patients. An increase in the D-dimer
level, which, on the one hand, is an indicator of the in-
travascular blood coagulation presence, and on the oth-
er hand, a marker of the fibrinolytic system activity, was
more often observed in the group of patients with TB-
DM-COVID (43.7 %). In the group of patients with TB-
DM, such a shift was noted in 18.7 % of cases (x> = 14.74;
p =0.0001). There were no statistically significant chang-
es in the PLT, Tl, and PDW indicators.

The levels of coagulation and fibrinolysis system pa-
rameters in patients with pulmonary TB with concomitant
diabetes mellitus who have and have not had COVID-19
infection are presented in Table 2.

As can be seen from the data provided, in the group
of patients with pulmonary tuberculosis with concomi-
tant diabetes mellitus who had COVID-19, an APTT in-
dicator shortening was observed compared to healthy
volunteers.

The PT was shortened in both groups of patients com-
pared to healthy controls, indicating the hypercoagulation
syndrome presence.

The AT Il level in all study groups did not statistically
differ significantly from that in healthy volunteers.

The F content in the group of patients with pulmo-
nary TB with concomitant diabetes mellitus who had
COVID-19 was statistically significantly higher com-
pared to both healthy individuals and the group of pa-
tients with TB-DM.

The median value of the TT indicator in all compared
groups did not statistically differ significantly from that
in healthy individuals.

Compared with healthy volunteers, the D-dimer con-
tent was higher in the TB-DM-COVID and TB-DM groups.
However, no significant differences were found between
the groups.
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TABLE 1

FREQUENCY OF CHANGES IN MARKERS OF COAGULATION AND FIBRINOLYSIS SYSTEMS IN PATIENTS WITH
PULMONARY TUBERCULOSIS WITH CONCOMITANT DIABETES MELLITUS WHO HAVE AND HAVE NOT HAD

COVID-19 (%)

Indicators

APTT
Prothrombin time
Antithrombin Il
Fibrinogen
Thrombin time
D-dimer

Platelets
Thrombocrit

Platelet volume
distribution width

TABLE 2

abs.

12
10

16
10
13
16

16

norm

%

375
75.0
62.5
43.75
100.0
62.5
81.25
100.0

100.0

decrease
abs. %
2
7 43,75
4 25.0
3 18.75
2 12.5
1 6.25

TB-DM patients who had COVID-19 infection (n = 16)

increase
abs. %
3
3 18.75
3 18.75
7 4375
6 37.5
2 12.5

TB-DM patients who have not had COVID-19
infection (n = 16)

norm
abs. %
4
10 62.5
12 75.0
13 81.25
10 62.5
16 100.0
13 81.25
15 93.75
16 100.0
16 100.0

decrease increase
abs. % abs. %
5 6
4 25.0 2 12.5
4 25.0 - -
- - 3 18.75
2 12.5 4 25.0
- - 3 18.75
1 6.25 - -

LEVEL OF MARKERS OF COAGULATION AND FIBRINOLYSIS SYSTEMS IN PATIENTS WITH PULMONARY
TUBERCULOSIS WITH CONCOMITANT DIABETES MELLITUS WHO HAVE AND HAVE NOT HAD COVID-19,

ME (Q1; Q3)

Indicators

APTT

Prothrombin time
Antithrombin Il
Fibrinogen
Thrombin time
D-dimer

Platelets

Thrombocrit

Platelet volume distribution

width

Healthy volunteers

1

36.5(34.5;37.7)

14.0 (12.0; 16.0)
100 (91.7; 108.7)
3.10(2.71;3.20)
20(17.2;22.0)
0.25(0.19; 0.40)

250.0 (220.0; 290.0)
0.19(0.14; 0.25)

14(11.3;15.2)

TB-DM patients who had

COVID-19 infection (n = 16)

2

33.5(31.25;34.4)

P, <0

,05

11.5(10.6; 12.0)

p,,<0
102 (96;

.05
114)

3.82(3.21;5.39)

P,,<0
18(17;

.05
19)

0.5(0.19; 1.31)

P.,<0

,01

243 (197.5;299.7)

0.20(0.17;0.26)

12.2(11.1;12.9)

226

tion (n=16)
3

36 (32.25;37.75)

11.2(10.8; 11.6)
p, ;<0.02

109 (103.7; 114.7)
2.88(2.65;3.2)

18(17;19)

0.43 (0.24; 0.50)
p, ,<0.05

220(192; 282.7)
0.17 (0.16; 0.20)

11.3(9.6;12.3)

TB-DM patients who have
not had COVID-19 infec-



TABLE 3

LEVEL OF C-REACTIVE PROTEIN AND ERYTHROCYTE SEDIMENTATION RATE IN PATIENTS WITH PULMONARY
TUBERCULOSIS WITH CONCOMITANT DIABETES MELLITUS, WHO HAVE AND HAVE NOT HAD COVID-19,

ME (Q1; Q3)
Healthy volunteers
Indicators
1
CRP 1.5(1.0; 2.0)
ESR 15.0 (8.5; 24.5)

The groups of patients also did not differ from healthy
ones in terms of platelet count and thrombocrit. In both
groups of patients examined, the PDW indicator was lower
compared to healthy ones, but there were no statistically
significant differences between the groups.

The differences in the level of markers of the coagula-
tion and fibrinolysis systems in patients with pulmonary
tuberculosis with diabetes types 1 and 2 in the group
of those who had COVID-19 were statistically insignificant.
This was probably due to the absence of statistically sig-
nificant differences in the incidence of diabetes complica-
tions in these groups.

Considering that changes in the hemostasis and fibri-
nolysis systems are components of the systemic inflam-
matory response, we studied changes in the level of CRP
and ESR.

It was found that an increase in the CRP level
in the group of patients with TB-DM-COVID was ob-
served in the overwhelming majority of cases (87.5 %),
and in the group of patients with TB-DM - in 31.2 % of cas-
es (x? = 64.82; p =0.00001).

A statistically significant increase in the ESR index was
observed more often in the group of TB-DM-COVID pa-
tients compared to TB-DM patients (75.0 % and 31.2 %,
respectively; )(2172: 38.86; p = 0.00001).

Analysis of the study results of the CRP and ESR lev-
els showed that their values were statistically significant-
ly higher in the group of patients with pulmonary TB
with concomitant diabetes who had COVID-19 (table 3).

Correlation analysis showed that fibrinogen levels
closely and positively correlated with CRP levels (r = 0.420;
p=0.01) and ESR (r = 0.433; p = 0.01) in patients with pul-
monary tuberculosis and concomitant diabetes who had
COVID-19.

CONCLUSION

An analysis of the occurrence frequency of vari-
ous deviations and the median of the coagulation
and fibrinolysis systems indicators showed that

T

B-DM patients who had TB-DM patients who have not
COVID-19 infection (n=16) had COVID-19 infection (n = 16)
2 3
12.6 (7.0; 22.5) 3(2.0;7.0)
p,,<0.01 p,,<0.02
38(30.7; 88.7) 7(2.5:36.2)

227

p,,<0.01

patients with pulmonary tuberculosis with concomitant
diabetes mellitus who had moderate and severe COVID-19
more often develop a hypercoagulable shift compared
to patients who have not had COVID-19. This was evi-
denced by a frequent shortening of the APTT indicator,
a decrease in the level of AT Ill, an increase in the level
of fibrinogen and D-dimer. At the same time, the hyperco-
agulable shift in the group of patients who had COVID-19
was more pronounced, which was documented by statis-
tically significantly high fibrinogen values. These chang-
es were probably associated with damage to the vascular
system after COVID-19. The above-described changes
in the hemostasis and fibrinolysis system were close-
ly associated with the systemic inflammatory response,
which was observed more frequently and was more pro-
nounced in the group of patients with pulmonary tuber-
culosis and concomitant diabetes mellitus and who had
COVID-19.This is confirmed by the statistically significant
frequent and more pronounced increase in the level
of CRP, fibrinogen and ESR in these patients.
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