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Abstract
Background. A new coronavirus infection may be complicated in the post-COVID period by the development of 
adverse cardiovascular events associated with chronic heart failure.
Aim. To study the features of the course of chronic heart failure in patients after COVID-19 infection against the 
background of active cytomegalovirus infection.
Material and methods. The study included 102 patients with chronic heart failure with reduced and intermediate 
left ventricular ejection fractions, who underwent COVID-19 in mild and moderate forms. The control group 
consisted of 61 patients with chronic heart failure and no COVID-19. Within 6 months after the infection with 
COVID-19, the features of the course of chronic heart failure were assessed. Quantitative determination of 
deoxyribonucleic acid (DNA) of cytomegalovirus in blood plasma was carried out by polymerase chain reaction. 
To assess the risk of adverse events, the odds ratio (OR) with a 95% confidence interval (95% CI) was calculated. 
Quantitative data were presented as median and interquartile range (25th and 75th percentiles).
Results. After coronavirus infection, the risk of an unfavorable course of chronic heart failure (OR=6.237; 95% 
CI=2.911–13.362; p=0.001), hospitalization due to decompensation of chronic heart failure (OR=5.9; 95% CI=1.313–
26.504; p=0.033), an increase in the functional class of heart failure by 1 class or more (OR=4.19; 95% CI=1.636–
10.736; p=0.009), development of atrial fibrillation paroxysms (OR=3.832; 95% CI=1.385–10.599, p=0.014), 
significantly increased. The number of copies of cytomegalovirus DNA in patients who underwent COVID-19 was 
significantly higher in the group of patients with an unfavorable course of chronic heart failure compared to the 
same group, in which patients did not tolerate COVID-19 — 2238.5 (1888.5; 2647.5) and 1411.5 (1112.5; 1684.5) 
copies/ml, respectively (p <0.001). 
Conclusion. Patients with chronic heart failure after 6 months of COVID-19 infection are at high risk of developing 
adverse cardiovascular events against the background of active cytomegalovirus infection.
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Background
Acute infections can cause the release of proin-
flammatory cytokines, leading to a systemic in-
flammatory response that may damage organs and 
systems not initially affected by the virus [1]. In-
creased metabolic demand in the myocardium can 
lead to cardiac damage and the development of 
heart failure, which can be complicated by adverse 
cardiovascular events associated with chronic heart 
failure (CHF) [1, 2].

The term “long COVID” was first used to de-
scribe patients who continued to experience symp-
toms after the resolution of acute infection [2]. 

Currently, “long COVID” refers to clinical mani-
festations lasting between 4 weeks and 12 weeks 
from the onset of the disease, whereas “post-
COVID syndrome” refers to symptoms persisting 
beyond 12 weeks [2].

The research community has taken an interest 
in investigating the long-term cardiovascular con-
sequences of coronavirus infection because of the 
high mortality and myocardial damage observed 
during acute COVID-19 infection.

A study of 73,435 nonhospitalized patients with 
COVID-19, with a mean age of 61 years, indica
ted a high risk of death and cardiovascular events 
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within 30 days of the acute phase of the disease 
[3]. A British study of 47,780 hospitalized patients 
with COVID-19, with a mean age of 65 years and 
55% men, showed that the diagnosis of COVID-19 
was associated with a threefold increase in the risk 
of serious adverse cardiovascular events within 
4 months of diagnosis compared with nonhospita
lized patients [4].

The role of systemic inflammation and im-
mune activation in the development and progres-
sion of heart failure, leading to poor prognosis 
and increased cardiovascular risk, has been pro-
posed based on the current understanding of CHF 
pathogenesis [5]. Research has shown that proin-
flammatory cytokines are significant contributors 
to the progression of CHF. Proinflammatory cyto-
kines primarily affect cardiac dysfunction and the 
intensity of myocardial and vascular remodeling 
processes by regulating cardiomyocyte apoptosis, 
which, in turn, is considered a fundamental mecha-
nism in determining the development of contractile 
and possibly diastolic myocardial dysfunction [5].

Subclinical inflammation and immune response 
caused by viral infections, particularly COVID-19 
and cytomegalovirus infection (CMVI), may be 
important factors in the development and progres-
sion of CHF. According to several studies, CMVI 
can induce the synthesis of proinflammatory cyto-
kines, including tumor necrosis factor α and inter-
leukin-1β [5].

Scientific publications have not extensively co
vered the role of CMVI in the development of CHF 
or the risk stratification of the progression and de-
compensation of this pathology. However, using 
an integrated approach to analyze the characteris-
tics of CHF with active CMVI after COVID-19 can 
lead to improved prognosis and treatment optimi-
zation for heart failure. Therefore, this direction is 
a priority in modern cardiology.

This study aimed to examine the characte
ristics of CHF progression in patients with active 
CMVI after COVID-19.

Materials and methods
This study was conducted between February 2022 
and October 2022 following the provisions of the 
Declaration of Helsinki and was approved by the 
local ethics committee of City Clinical Hospital 
No. 1 in the Novosibirsk Region (Protocol No. 200, 
dated January 31, 2019).

This study involved 102 patients with mild 
(n = 61, 59.8%) and moderate (n = 41, 40.2%) 
6-month-old COVID-19 (Group 1). The patients 
had no prior history of a positive polymerase chain 
reaction result or a positive titer of Class G antibo
dies to SARS-CoV-2, confirming that this was 

their first time being infected with the new coro-
navirus.

Before COVID-19 infection, all patients were 
diagnosed with ischemic CHF with reduced 
and intermediate left ventricular ejection frac-
tion (LVEF). The control group (Group 2) consis
ted of 61 patients with CHF who had no history 
of COVID-19 infection since the beginning of the 
pandemic period (Table 1). The observation groups 
were comparable in terms of clinical and demo-
graphic characteristics and current CHF therapy.

Exclusion criteria:
(1) Recent acute cardiovascular events (i.e., 

acute myocardial infarction, pulmonary embo-
lism, and acute cerebrovascular disorder less than 
6 months before COVID-19 disease);

(2) Active myocarditis;
(3) Presence of hemodynamically significant le-

sions in the heart valve apparatus: mitral regurgi-
tation of more than Degree II, aortic stenosis with 
transaortic pressure gradient of more than 25 mm 
Hg, aortic insufficiency of more than Degree I, and 
tricuspid regurgitation of more than Degree II;

(4) Age >70 years;
(5) Acute or chronic liver disease;
(6) Glomerular f iltration rate (<30 mL/

min/1.73 m2 according to CKD-EPI1);
(7) Severe bronchial asthma or chronic obstruc-

tive pulmonary disease;
(8) Autoimmune diseases;
(9) Pregnancy;
(10) Malignancies;
(11) Inability to sign an informed consent form.
During the 6-month follow-up of the cohort, the 

symptoms and signs of CHF and the echocardio-
graphic parameters were evaluated. The indica-
tors of the first observation point in Group 1 were 
obtained from outpatient records based on infor-
mation on the dispensary follow-up of patients 
with CHF. These data were registered no more 
than 1 month before the confirmed diagnosis of 
COVID-19. In Group 2, comparable parameters 
were assessed at baseline and after the 6-month fol-
low-up (Table 2). The functional class (FC) of CHF 
was determined based on the data from the 6-min 
walk test.

The combined endpoints of this study were de-
fined as an increase in one or more classes in the 
FC of CHF (according to the NYHA2), hospita
lization due to decompensation of CHF, registration 
of paroxysmal atrial fibrillation, and/or ventricular 
ectopias of high gradations (Ryan classes III–V) 

1 CKD-EPI — Chronic Kidney Disease Epidemiology Col-
laboration formula.
2 NYHA — New York Heart Association.
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according to the data of the daily monitoring of 
electrocardiography, which was performed when 
clinical and/or electrocardiographic signs of ar-
rhythmias were detected within 6 months after 
COVID-19 infection.

After the 6-month follow-up, the patients were 
examined for cytomegalovirus (CMV) deoxyribo-
nucleic acid (DNA) levels in 1 mL of blood plasma 
using polymerase chain reaction with real-time hy-
bridization–fluorescence detection of amplification 

products. The AmpliSens CMV-screen/monitor-FL 
reagent kit (Russia) and the Rotor-Gene Q Qiagen 
amplifier (Germany) were used for this purpose. 
The detection of CMV involved three steps: DNA 
extraction from blood, amplification of the DNA 
region of the microorganism, and hybridization–
fluorescence detection. These steps are performed 
directly during the polymerase chain reaction. 
The quantification of CMV DNA was performed 
6 months after COVID-19 infection.

Table 1. Clinical and demographic characteristics of the patients

Indicators Group 1, COVID-19 survivors 
(n = 102)

Group 2, without a history of 
COVID-19 (n = 61) p

Age, years 58,0 [51; 65] 59,0 (52; 65) 0,311

Men/women, n (%) 56 (54,9)/46 (45,1) 35 (57,4)/26 (42,6) 0,191
Body mass index, kg/m2 28,1 [25,2; 31,6] 26,4 [24,6; 30,5] 0,426

CHF FC, n (%):
FC I
FC II
FC III

42 (41,2)
35 (34,3)
25 (24,5)

26 (42,6)
19 (31,2)
16 (26,2)

0,512
0,214
0,298

Postinfarction cardiosclerosis, n (%) 49 (48,0) 26 (42,6) 0,089

Atrial fibrillation, n (%) 23 (22,5) 17 (27,9) 0,091

Arterial hypertension, n (%) 89 (87,3) 57 (93,4) 0,072

Smoking, n (%) 23 (22,5) 21 (34,4) 0,043

COPD, n (%) 14 (13,7) 12 (19,7) 0,198
Total cholesterol, mmol/L 5,1 [4,4; 5,5] 5,0 [4,5; 5,6] 0,529
LDL, mmol/L 2,9 [2,3; 3,6] 2,8 [2,4; 3,2] 0,122
HDL, mmol/L 1,6 [1,5; 1,75] 1,6 [1,46; 1,7] 0,791
GFR, mL/min/m2 52 [42; 58] 51 [42; 57] 0,314
Treatment, n (%):
ACE inhibitors
Valsartan/sacubitril
β-Adrenoblockers
MRAs
Diuretics

69 (67,6)
33 (32,4)
79 (77,5)
64 (62,7)
44 (43,1)

44 (72,1)
17 (27,9)
47 (77,0)
35 (57,4)
28 (45,9)

0,119
0,119
0,854
0,086
0,219

Note: FC, functional class; CHF, chronic heart failure; COPD, chronic obstructive pulmonary disease; LDL, low-density 
lipoproteins; HDL, high-density lipoproteins; GFR, glomerular filtration rate; ACE, angiotensin-converting enzyme; MRAs, 
mineralocorticoid receptor antagonists.

Table 2. Dynamics of the echocardiographic parameters and 6-min walk test in the observation groups during the prospective 
follow-up (Me [Q25; Q75])

Indices
Baseline After the 6-month follow-up

Group 1 (n = 102) Group 2 (n = 61) р Group 1 (n = 102) Group 2 (n = 61) р

6MWT, m 407 [371; 447] 400 [369; 439] 0,829 371 [340; 408] 412 [372; 445] 0,041

LVEF, % 44 [40; 47] 43 [39; 47] 0,632 42 [39; 45] 46 [42; 50] 0,017

EDD, mm 48 [45; 52] 49 [45; 52] 0,562 50 [46; 54] 50 [47; 53] 0,229

ESD, mm 36 [33; 38] 36 [34; 38] 0,759 37 [34; 40] 36 [34; 39] 0,115

LVPWT, mm 11 [10; 12] 11 [10; 12] 0,995 11 [10; 12] 11 [10; 12] 0,943

LVST, mm 11 [11;12] 11 [11;12] 0,832 12 [11; 13] 11 [11;12] 0,038

Note: 6MWT, 6-min walk test; LVEF, left ventricular ejection fraction; EDD, end-diastolic dimension; ESD, end-systolic di-
mension; LVPWT, left ventricular posterior wall thickness; LVST, left ventricular septal thickness.
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Statistical analysis was performed using the 
Statistica 10.0 and MedCalc 11.5.0.0 software pa
ckages. The Mann–Whitney test was used to 
compare the independent variables, whereas the 
Wilcoxon test and sign criterion were used to com-
pare the dependent variables. For the qualitative 
features, conjugation tables were analyzed using 
Pearson’s χ2 criterion. The odds ratio (OR) with 
a 95% confidence interval (95% CI) was calcula
ted to evaluate the risk of adverse cardiovascular 
events. Quantitative data are presented as the me-
dian (Me) and interquartile range (25th and 75th 
percentiles), whereas qualitative data are presented 
as the absolute values and percentages. Spearman’s 
rank correlation coefficient (Spearman R) was used 
for the correlation analysis. The significance level 
for all analysis procedures was set at 0.05.

Results
The clinical and demographic characteristics of 
the observation groups were not significantly dif-
ferent (refer to Tables 1 and 2). After the 6-month 
follow-up, Group 1 exhibited a decrease in the 
distance traveled during the 6-min walk test and 
LVEF and an increase in the left ventricular end-
diastolic and end-systolic dimensions. By contrast, 
Group 2 did not show any negative changes in these 
parameters (Table 2).

Of the patients with COVID-19, 57.8% (59) 
achieved the primary endpoint of the study with-
in 6 months (Table 3). In the control group, 11 
(18.0%) patients experienced adverse cardiovas-
cular events during the 6-month follow-up peri-
od. Therefore, patients with CHF and reduced or 
intermediate LVEF who have had mild to moder-
ate COVID-19 and received a negative result on 
a polymerase chain reaction test for the SARS-

CoV-2 coronavirus within the past 6 months are 
at a significantly increased risk of adverse CHF 
outcomes (OR = 6.237; 95% CI = 2.911–13.362; 
p = 0.001). Among the major cardiovascular events, 
hospitalization due to decompensation of CHF 
(OR = 5.9; 95% CI = 1.313–26.504; p = 0.033), an 
increase in CHF Grade 1 or more (OR = 4.19; 95% 
CI = 1.636–10.736; p = 0.009), and the development 
of atrial fibrillation paroxysms (OR = 3.832; 95% 
CI = 1.385–10.599; p = 0.014) showed a significant-
ly increased risk.

The concentration of CMV DNA in patients 
who had COVID-19 infection 6 months prior was 
higher than that in patients with CHF who had no 
history of COVID-19 infection. The determination 
of the CMVI viral load in 1 mL of blood plasma 
in the observation groups is presented in Table 4. 
Furthermore, the group of patients with COVID-19 
and an unfavorable course of CHF had a signifi-
cantly higher number of CMV DNA copies than 
the group of patients with CHF without COVID-19 
(p < 0.001).

In Group 1, during an unfavorable course of 
CHF, the concentration of CMV DNA copies was 
significantly higher than that during a favorable 
course of the pathology (p < 0.001). In Group 2, no 
significant differences (p = 0.329) in the number of 
CMV DNA copies were detected depending on the 
nature of the course of CHF.

This study observed a significant correlation be-
tween CMV DNA levels and CHF class (r = 0.63, 
p = 0.007), 6-min walk test distance (r = −0.711, 
p = 0. 003), and echocardiographic parameters 
of left ventricular remodeling, including LVEF 
(r = −0.591, p = 0.014), left ventricular end-diasto
lic dimension (r = 0.482, p = 0.025), and left ventri
cular end-systolic dimension (r = 0.542, p = 0.002).

Table 3. Characterization of the adverse course of chronic heart failure at 6 months after COVID-19, n (%)

Events Group 1 (n = 102) Group 2 (n = 61) p

Unfavorable course of CHF 59 (57,8) 11 (18,0) 0,001

Decompensation of CHF 17 (16,7) 2 (3,3) 0,014

Increase in CHF FC by one class or more 32 (31,4) 6 (9,8) 0,001

Paroxysmal atrial fibrillation 26 (25,5) 5 (8,2) 0,001

High-grade ventricular ectopias 4 (3,9) 1 (1,6) 0,421

Note: CHF, chronic heart failure; FC, functional class.

Table 4. Viral load in cytomegalovirus infection in the observation groups

Index
Group 1 (n = 102) Group 2 (n = 61)

Favorable course 
of CHF

Unfavorable course 
of CHF

Favorable course 
of CHF

Unfavorable course 
of CHF

CMV DNA, copies/mL 1574 (1228; 1726) 2238,5*#  (1888,5; 2647,5) 1243 (1012; 1489) 1411,5 (1112,5; 1684,5)

Note: CHF, chronic heart failure; DNA, deoxyribonucleic acid; CMV, cytomegalovirus; *p < 0.001 compared with Group 2; 
#p < 0.001 compared with the favorable course group who had COVID-19.
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Discussion
Based on the results of this study, patients with 
CHF and reduced or intermediate LVEF who have 
had COVID-19 are 3.2 times more likely to experi-
ence serious adverse cardiovascular events. These 
events are characterized by an increased number 
of hospitalizations due to decompensation of CHF, 
a higher CHF grade, and the development of atri-
al fibrillation paroxysms within 6 months after dis-
charge compared with patients with CHF who have 
not been infected with the new coronavirus.

The mechanisms underlying the development of 
cardiovascular complications following acute vi-
ral illness remain poorly understood. One poten-
tial mechanism is a chronic inflammatory response 
induced by viral particles in the heart after acute 
infection. This response may be further exacerbat-
ed by secreted chemokines that worsen endotheli-
al dysfunction through impaired endothelial nitric 
oxide synthase and reactive oxygen species syn-
thesis [6]. These processes may cause irreversible 
tissue damage, leading to chronic myocardial fibro-
sis, which, in turn, results in impaired cardiac per-
fusion, increased myocardial stiffness, decreased 
contractility, and potential arrhythmias.

Lessons learned from previous coronavirus and 
influenza epidemics indicate that viral infections 
can worsen preexisting CHF. Multiple studies have 
shown an increased risk of rehospitalization during 
the influenza season [7]. With the more aggressive 
COVID-19 infection, patients with heart failure are 
at a significantly higher risk of developing compli-
cations. Several mechanisms may trigger and exa
cerbate this process [2].

Approximately one third of hospitalized pa-
tients with COVID-19 have a history of chronic 
cardiovascular disease. The presence of these con-
ditions is typically associated with higher in-hospi-
tal mortality rates, thromboembolic risk, and septic 
shock incidence. Even in the subacute period, pa-
tients with a history of heart failure face a twofold to 
fourfold risk of decompensation and death [8]. The 
cardiometabolic profiles of COVID-19 and cardio-
vascular disease indicate that the novel coronavirus 
infection may destabilize chronic clinical conditions, 
such as coronary heart disease and heart failure [2].

The involvement of angiotensin-converting en-
zyme 2 receptors in SARS-CoV-2-related cardiac 
damage is well established [9]. Several mechanisms 
have been proposed to contribute to myocardial 
damage, including direct cytotoxic action, dysre
gulation of the renin–angiotensin–aldosterone sys-
tem, endotheliitis, inflammation, and dysregulated 
immune response with cytokine release [9].

Cardiac troponin levels are frequently eleva
ted in patients with COVID-19, indicating myocar-

dial damage and/or ischemia [10]. In their study, 
Fox et al. (2021) [11] proposed a range of patho-
physiological mechanisms that underlie myocar-
dial damage in COVID-19. The authors proposed 
that hypoxia and pulmonary microvascular injury 
may lead to stress-induced cardiac injury and car-
diomyocyte necrosis. The microvascular effects lo-
calized in the latter may be further enhanced by 
endotheliitis [12] associated with microthrombosis 
and impaired renin–angiotensin homeostasis [13]. 
Elevated cytokines, such as interleukin-1, interleu-
kin-16, interleukin-17, interleukin-22, interferon γ, 
and tumor necrosis factor α, may also contribute to 
myocardial damage through endothelial dysfunc-
tion and platelet and neutrophil activation, ulti-
mately causing a hypercoagulable state [1].

This study examined the potential negative im-
pact of CMVI activation on the myocardium in the 
context of a new coronavirus infection. CMVI has 
been shown to induce a chronic immune inflam-
matory response, with latent infections periodical-
ly reactivating and stimulating chronic immune 
or inflammatory responses that can damage the 
vascular endothelium and inner membrane of en-
dotheliocytes [5]. The formation of immune anti-
body complexes with the CMV antigen can also 
stimulate macrophages to synthesize and release 
interleukin-1, interleukin-6, interleukin-8, inter-
leukin-10, interleukin-12, tumor necrosis factor α, 
and other inflammatory factors, which can, in turn, 
cause cellular and humoral immune responses in 
the myocardium, leading to an inflammatory chain 
reaction [5]. According to a previous study, peri-
odic CMV activation increases the amount of p53 
protein, which subsequently activates cell apopto-
sis. This process is considered one of the important 
links in the pathogenesis of CHF [14].

This study proposed a possible correlation be-
tween the parameters of the structural and func-
tional states of the heart (including LVEF and left 
ventricular end-systolic and end-diastolic dimen-
sions), CHF, 6-min walk test distance, and CMV 
DNA content. This correlation may indicate the in-
fluence of the infectious agent on the course of CHF.

CMVI activation in patients following corona-
virus infection may prolong systemic inflammation 
and contribute to the progression of CHF, leading 
to adverse cardiovascular events. An imbalance in 
immune defense, which may result in an immuno-
deficient state, could be a possible cause of CMV 
activation after COVID-19 [10].

A limitation of this study is that it did not exam-
ine the state of the immune system of patients or 
the initial level of CMV DNA. To address this lim-
itation, the dynamics of CMV DNA concentration 
during the acute period of COVID-19 and at dif-
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ferent time points after obtaining a negative poly-
merase chain reaction result for SARS-CoV-2, in 
correlation with the peculiarities of the course of 
CHF, need to be investigated.

The withdrawal of drug therapy aimed at trea
ting CHF during the acute phase of COVID-19 is 
one reason for the increased incidence of heart fai
lure decompensation after discharge [15]. Therefore, 
successfully resuming and optimizing heart failure 
therapies to prevent adverse cardiovascular events 
after acute COVID-19 may be of great importance.

Heart failure may develop as a variant of the 
clinical course of COVID-19, particularly in se-
vere forms of pathology, or occur in patients with 
preexisting myocardial dysfunction [2, 8]. There-
fore, understanding the impact of SARS-CoV-2 and 
CMV on the course of CHF is crucial to optimize 
patient management. A multidisciplinary approach 
involving the heart failure team and infectious di
sease specialists may lead to optimal understanding 
and management of patients with this pathology.

Conclusions
1. Patients with CHF and reduced or interme-

diate LVEF are at a significantly increased risk of 
adverse outcomes within 6 months of receiving 
a negative result for SARS-CoV-2 coronavirus. 
These outcomes include increased hospitaliza-
tions due to decompensation of CHF, higher FC, 
development of atrial fibrillation paroxysms, and 
increased CMVI activity. Notably, COVID-19 di
sease in mild and moderate forms may exacerbate 
these risks. Therefore, close monitoring and ma
nagement of CHF in these patients is crucial.

2. One possible factor that may negatively im-
pact the course of CHF after coronavirus infection 
is CMVI activation, which correlates with the pa-
rameters of the structural and functional states of 
the heart, the FC of CHF, and the distance walked 
by patients during the 6-min walk test.
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