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Craiova, Romania 

 

The incidence of invasive infections produced by species of Candida genus is continu-
ously raising, Candida is the 5th most common pathogen in invasive infections. Although 
most of the fungal invasive infections are produced by Candida albicans, there are in-
creasing reports of other non-albicans species that produce severe infections because 
have increased pathogenicity and resistance to commonly used fungal agents, with high 
mortality rate. Non-albicans Candida species identified in recent years include C. gla-
brata, C. parapsilosis, C. tropicalis and C. auris, the last seems to have an uniquely high 
transmissibility in hospital environments and also between healthcare settings.  

C. auris outbreaks are systematically reported in recent years, and molecular investiga-
tion had confirmed the intra-hospital transmission.  The first reported invasive infection 
with C. auris was in South Korea in 1996, since then outbreaks had been reported in more 
than 40 countries on 6 continents.  

Recently, Candida isolates have demonstrated increased resistance to azoles, amphoter-
icin B and echinocandins, many strains are multidrugresistant or even pan-resistant.  

The national health services must enforce preventive measures of invasive fungal infec-
tions, especially in high-risk patient groups as those with impaired immune system (an-
ticancer drugs, long-term corticoid treatments, solid organ transplant and other chronic 
diseases). The laboratories must be prepared to identify this emerging fungal pathogens 
by at least biochemical methods, but it is reccomended to use molecular methods as PCR, 
MLST, and MALDI-TOF MS.  Screening protocols must be implemented in all patients 
at risk. 
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NARRATIVE    SYNTHESIS  

Natalia  CERNEI1,2    ,   Ruslan  BALTAGA1,3     ,   Serghei   SANDRU1,2    ,   Olga   GHERASIM1,2    ,   Victoria         
MOGHILDEA1,2   
1Nicolae Testemitanu State University of Medicine and Pharmacy, Chisinau, Republic of Moldova 
2Institute of Emergency Medicine, Chisinau, Republic of Moldova  
3Institute of Oncology, Chisinau, Republic of Moldova 

Corresponding author: Natalia Cernei, e-mail: nataliacernei1@gmail.com 

DOI: 10.38045/ohrm.2023.4.01  CZU: [616.98:578.834.1]-074-037  
 

Keywords: COVID-19, 
SARS-CoV-2, D-di-
mers, venous throm-
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Introduction. Contemporary researchers have suggested and demonstrated the hypothesis 
that the elevated level of D-dimers, which is a valuable marker of coagulation and fibrinolysis 
activation, can predict the severity of COVID-19, pulmonary complications, and thromboem-
bolic events before they occur. Material and methods. The bibliographic resources were an-
alyzed and selected from databases such as PubMed, Hinari, SpringerLink, and Google Search 
using keywords such as “COVID-19,” “SARS-CoV-2,” “coronavirus,” “D-dimers,” “biomarkers,” 
and “severity prediction,” which were used in various combinations to maximize search effi-
ciency. Therefore, the manuscript contains 51 representative articles for the purpose of this 
synthesis article. Results. The D-dimer levels are significantly higher in patients with severe 
forms of COVID-19 compared to those with non-severe forms, in patients with acute respira-
tory distress syndrome compared to those without acute respiratory distress syndrome, and 
in deceased patients compared to those who have survived. D-dimers positively correlate with 
the degree of severity and the increased risk of progression to severe disease, inversely pro-
portional to the survival rate. They can predict prognosis, determine therapeutic strategies, 
prevent complications, positively influence the disease’s course, and monitor the prognosis. 
Conclusions. D-dimers should be used as a pre-radiographic screening tool as early as pos-
sible after admission and as an indicator for risk stratification of venous thromboembolism 
in hospitalized patients with COVID-19. Based on the increase in D-dimer levels, adjusting 
therapeutic doses of anticoagulants is more beneficial for patients compared to administer-
ing prophylactic doses. 

Cuvinte-cheie: 
COVID-19, SARS-CoV-
2, D-dimeri, trombo-
embolism venos, bi-
omarkeri. 

VALOAREA PROGNOSTICĂ A D-DIMERILOR LA PACIENȚII CU COVID-19: SINTEZĂ 
NARATIVĂ  
Introducere. Cercetătorii contemporani au sugerat și demonstrat ipoteza că nivelul crescut 
al D-dimerilor, care este un marker valoros de activare a coagulării și fibrinolizei, pot prezice 
severitatea bolii COVID-19, complicațiile pulmonare și evenimentele tromboembolice înainte 
ca acestea să survină. Material și metode. Resursele bibliografice au fost analizate și selec-
tate din bazele de date PubMed, Hinari, SpringerLink și Google Search după cuvintele-cheie: 
„COVID-19”, „SARS-CoV-2”, „coronavirus”, „D-dimeri”, „biomarkeri”, „predicția severității”, 
care au fost folosite în diferite combinații pentru a maximiza randamentul căutării. Astfel, 
cuprinsul manuscrisului include 51 de articole reprezentative pentru scopul acestui articol 
de sinteză. Rezultate. Valoarea D-dimerilor este semnificativ mai mare la pacienții cu forme 
severe de COVID-19, comparativ cu cei cu forme non-severe, la pacienții cu sindrom de de-
tresă respiratorie acută, comparativ cu cei fără sindrom de detresă respiratorie acută, la 
pacienții decedați, comparativ cu cei care au supraviețuit. D-dimerii corelează pozitiv cu gra-
dul de severitate și riscul crescut de progresare la forma severă a maladiei, invers proporțio-
nal cu rata de supraviețuire, pot prezice prognosticul, determinarea strategiilor terapeutice, 
prevenirea complicațiilor, influențarea pozitivă a evoluției maladiei și supravegherea pro-
gnosticului. Concluzii. D-dimerii trebuie utilizați ca instrument de screening pre-radiografic 
cât mai precoce după internare și ca indicator de stratificare a riscului de tromboembolism 
venos pentru pacienții internați cu COVID-19. În baza creșterii D-dimerilor, ajustarea dozelor 
terapeutice de anticoagulante este mai benefică pentru pacienți, comparativ cu adminis-
trarea dozelor profilactice.  

  

https://orcid.org/0000-0002-2031-5881
https://orcid.org/0000-0003-0659-4877
https://orcid.org/0000-0002-2973-9154
https://orcid.org/0000-0002-8184-4912
https://orcid.org/0000-0002-5336-1470
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INTRODUCTION

Since December 2019, a new coronavirus, called 
severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), has been declared responsible for 
triggering the epidemic of coronavirus disease 
2019 (COVID-19), which rapidly spread world-
wide. Consequently, on March 11, 2020, the 
World Health Organization declared a global pub-
lic health emergency – a state of pandemic (1, 2, 
3). The clinical presentation of COVID-19 varies 
from asymptomatic and mild forms to severe and 
critical cases that progress rapidly, causing seri-
ous and fatal complications requiring admission 
to the intensive care unit (ICU) (1, 3, 4-9). The 
overall mortality rates for patients with COVID-
19 range from 1.5% to 9.8% (10, 11), while mor-
tality rates for patients admitted to the ICU range 
from 26% to 61.5% (4, 6, 9, 12).  

One of the strategic elements that need to be un-
dertaken in defining the management of treat-
ment for patients with COVID-19 is the early iden-
tification of factors that may progress to more se-
vere forms of the disease and those that require 
specific interventions or treatments (13). Based 
on the pathophysiology of severe COVID-19, 
which involves a hyperinflammatory state, a cas-
cade of hypercoagulation, and multiorgan dys-
function, several biomarkers that represent each 
of these conditions could be useful as key predic-
tive values for COVID-19. In this context, defining 
early and efficient predictors for patient outcome 
prognosis holds substantial clinical significance 
for risk stratification, severity prediction, man-
agement of patients with COVID-19, and preven-
tion of serious complications. In emergency situ-
ations, risk stratification is as important as diag-
nosis, especially if testing all patients suspected of 
having COVID-19 is not possible (1, 8, 10, 14-20). 

COVID-19 causes serious thromboembolic com-
plications in patients with severe forms of the dis-
ease (7, 21). COVID-19-related mortality is largely 
associated with hypercoagulability and an in-
creased risk of venous thromboembolism (VTE), 
leading to thrombo-inflammation in severe cases. 
Therefore, coagulation biomarkers can indicate 
disease severity, mortality, and contribute to pa-
tient triage, therapeutic strategies, and close 
monitoring of prognosis (5, 8, 21-27). 

Excessive inflammation, platelet activation, endo-
thelial dysfunction, and stasis play a significant 
role in the development  of  thrombotic  complica 

tions (10, 17). Coagulation abnormalities such as 
hypercoagulability, thrombocytopenia, venous 
thrombosis, and disseminated intravascular co-
agulation have been observed in approximately 
60-70% of hospitalized patients with COVID-19. 
Autopsies have shown that pulmonary embolism 
or venous thrombosis was the cause of death in 
about 58% of patients, while disseminated intra-
vascular coagulation was reported in 70% of pa-
tients (28). 

Researchers have suggested that the increased 
level of D-dimers (DD), which is a valuable 
marker of coagulation and fibrinolysis activation, 
can predict disease severity, pulmonary compli-
cations, and thromboembolic events before they 
occur (29-32). DD are degradation products of re-
ticulated fibrin, a substance that is part of fibrin 
clots. Its presence itself implies venous thrombo-
embolism (pulmonary embolism and deep vein 
thrombosis). DD are a marker of active coagula-
tion, fibrinolytic events, and thrombotic activity, 
with elevated values in patients with vascular 
thrombosis caused by severe trauma, inflamma-
tory and infectious conditions, pregnancy, inflam-
mation, cancer, etc. Several studies have high-
lighted the correlation between elevated DD lev-
els, especially their gradual increase during the 
course of the disease, with the severity and ad-
verse outcomes of COVID-19. DD levels correlate 
with the severity of COVID-19, thrombotic activ-
ity, and mortality rates in these patients (2, 3, 16, 
22, 27, 29, 31, 32, 33). The DD level significantly 
increases concomitantly with the increasing se-
verity of clinical manifestations and with the find-
ings of computed tomography investigations of 
COVID-19 (19, 32, 34). 

Thus, elevated levels of D-dimers reflect signifi-
cant activation of the coagulation cascade, which, 
in turn, can trigger acute coronary syndrome and 
pulmonary embolism with its full spectrum of 
clinical manifestations (1). However, the prog-
nostic value of D-dimers, determined upon ad-
mission, in predicting disease severity, mortality, 
and thromboembolic events in COVID-19, has not 
been fully elucidated due to small cohorts and 
heterogeneity among studies (14, 17, 22, 27, 30, 
35, 36). 

In the context of the aforementioned points and 
considering that the clinical and laboratory char-
acteristics associated with SARS-CoV-2 infection  

 



 
 

 

    6  
 

VOL. 4, ISSUE  4 
2023 

 

2020 
 

are not fully elucidated (37), the aim of this nar-
rative synthesis is to summarize the analysis and 
clinical significance of elevated D-dimer levels, 
their prognostic role, and their association with 
severity, adverse outcomes, thromboembolic 
events, and mortality in patients with COVID-19. 
 

MATERIAL AND METHODS   

The bibliographic resources were analyzed and 
selected from databases such as PubMed, Hinari, 
SpringerLink, and Google Search using keywords: 
“COVID-19,” “SARS-CoV-2,” “coronavirus,” “D-di-
mers,” “biomarkers,” and “severity prediction”; 
which were used in various combinations to max-
imize search efficiency. 

For targeted selection of bibliographic sources, 
the following filters were applied: full-text arti-
cles, articles in the English language, articles pub-
lished between 2020-2022. After processing the 
identified information and according to the 
search criteria, 386 full-text articles were se-
lected. After excluding records unrelated to the 
study’s aim and reviewing the abstracts and full 
texts of the articles, 45 eligible original papers 
with different study designs, including editorials, 
narrative and systematic review articles, meta-
analyses, case-control studies, and cohort studies, 
containing information about D-dimers in pa-
tients with COVID-19, were considered poten-
tially relevant for the given synthesis.  

According to the proposed aim and after careful 
evaluation and analysis of these sources, a total of 
51 relevant publications were ultimately selected 
and included in the final bibliography of this man-
uscript. These publications were deemed repre-
sentative of the materials published on the sub-
ject of this synthesis article. 

The information from the publications included in 
the bibliography was gathered, classified, evalu-
ated, and synthesized, highlighting the main as-
pects of the contemporary view regarding the 
role of D-dimers in patients with COVID-19, the 
correlation and prediction of clinical outcomes, 
severity, and prognosis of SARS-CoV-2 infection. 

A primary objective was to minimize the risk of 
systematic errors (bias) in the study by conduct-
ing thorough searches in databases to identify a 
maximum number of relevant publications for the 
study’s purpose. We evaluated only those studies 
that met valid criteria and applied strict exclusion 

criteria for article selection. We assessed both 
studies reporting optimistic data and research 
that did not highlight the benefit of D-dimer de-
terminations in patients with COVID-19.  

According to the requirements, additional 
sources of information were accessed to clarify 
specific and sophisticated concepts. Similar re-
search, articles that did not align with the purpose 
of the study and were not available for full view-
ing, review articles, comments, and letters, case 
reports or case series, articles with insufficient in-
formation, articles lacking data on D-dimer con-
centrations, non-human studies, and studies on 
pediatric populations (<17 years) were excluded 
from the bibliography. 
 

RESULTS 

Coagulation dysfunction in patients with COVID-
19 leads to the progression to severe form of the 
disease and fatal outcomes, and it is characterized 
by increased D-dimer levels and thromboembolic 
events (5, 22, 23). Several studies have assessed 
the association between initial D-dimer values 
and the severity or outcomes in patients with 
COVID-19.  

A systematic review, conducted on 54 studies in-
volving 1,022 COVID-19 patients, and two retro-
spective studies, including 343 and 182 patients 
respectively, with 13 and 34 in-hospital death 
cases, found a significantly higher mean D-dimer 
value at admission (p<0.001) in deceased pa-
tients (3.208-3.78 μg/mL) compared to survivors 
(0.79-1.067 μg/mL) (14, 32, 38). The authors cal-
culated the optimal cutoff value determined at ad-
mission to predict in-hospital mortality – 1.5 
μg/mL, with a sensitivity of 70.6% and specificity 
of 78.4%, and 2.0 μg/mL, with a sensitivity of 
92.3% and specificity of 83.3% (14, 38).  

A case-control study conducted on 248 COVID-19 
patients found a significantly higher level of D-di-
mer in non-survivors compared to survivors 
(6.21 mg/L and 1.02 mg/L, p<0.05). D-dimer level 
>2.0 mg/L at admission was the only variable as-
sociated with increased odds of mortality (OR 
10.17; p<0.05). D-dimer elevation (≥0.5 mg/L) 
was observed in 74.6% of patients. D-dimer level 
>2.14 mg/L predicted in-hospital mortality with a 
sensitivity of 88.2% and specificity of 71.3% (34). 

A retrospective  study  of  a  cohort  of  483   
COVID-19  patients  found  that D-dimer  elevation  
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(≥0.5 mg/mL) was observed in 80.1% of hospital-
ized patients and in 96% of cases that resulted in 
death. D-dimer level ≥2.01 mg/mL, with a sensi-
tivity of 73.3% and specificity of 70.0%, was a sig-
nificant predictor of subsequent mortality (HR 
3.165; p<0.01). The median value of D-dimer 
among non-survivors was 6.34 mg/mL, while 
among survivors it was 0.94 mg/mL. Thus, a D-di-
mer value ≥2.01 mg/mL can effectively predict in-
hospital mortality in patients with COVID-19 
(39), and monitoring D-dimer during hospitaliza-
tion is a better predictor of disease progression, 
severity, and mortality compared to D-dimer lev-
els at admission (5, 39). 

Numerous retrospective, prospective, cohort, and 
case-control studies, systematic reviews, and 
meta-analyses have reported an increased D-di-
mer level in a significant positive relationship 
with disease severity, composite outcome (in-
cluding death, severe disease, ICU admission, and 
mechanical ventilation), VTE incidence, and mor-
tality in patients with COVID-19 (1, 12, 15, 16, 21, 
22, 24, 25, 26, 31, 34, 35, 40, 41). Elevated D-di-
mer levels within the first week of hospitalization 
in patients with COVID-19 have been associated 
with increased mortality and VTE incidence (20, 
36, 40). The time for VTE screening in a patient is 
when the D-dimer level is three times higher than 
the upper limit of normal (0.5 µg/mL). In COVID-
19 patients, a four-fold increase in the D-dimer 
level is a good predictor of mortality (32). 

Uncontrolled inflammation combined with hy-
poxia and the direct cytotoxic effects of the virus 
on endothelial cells contribute to thromboem-
bolic complications (12, 38, 42). Coagulation ab-
normalities are common in all severe infections 
and inflammations, but they occur more fre-
quently and with a clinically severe prognosis in 
patients infected with SARS-CoV-2 (23). 

SARS-CoV-2 typically induces a significant 
thrombo-inflammatory response in severe forms 
of COVID-19 with progressive diffuse pulmonary 
involvement (33). The most commonly cited rea-
son in the literature for the increase in D-dimer 
levels includes viremia and the cytokine storm 
syndrome, with a significant rise in proinflamma-
tory cytokines and inadequate control of anti-in-
flammatory factors, which dysregulate the coagu-
lation cascade (38). 

Mortality related to COVID-19, a prothrombotic 
condition, is largely associated with hypercoagu- 

lability and an increased risk of VTE, leading to 
thromboinflammation in severe cases (22, 23). 
For instance, according to data from a recent 
meta-analysis, the incidence of pulmonary embo-
lism was estimated at 8% in the general popula-
tion of patients with COVID-19 and at 17% in ICU-
admitted patients (23). Coagulopathy occurs in 
50% of patients who die from COVID-19 (42). 

Therefore, coagulation biomarkers, including D-
dimers, are positively associated with the severity 
of the disease and inversely proportional to sur-
vival. They can predict the prognosis and out-
come of patients with COVID-19, including mor-
tality. They contribute to patient triage, determi-
nation of therapeutic strategies, prevention of 
complications, positively influencing disease pro-
gression, and monitoring of prognosis (1, 2, 3, 22, 
23, 28, 31, 34, 38).  

D-dimer levels are higher in hospitalized patients 
with COVID-19 (36-43%) (8, 29). DD measured at 
admission serves as an accurate biomarker for 
predicting mortality in patients with COVID-19, 
with a specific normal value <0.5 μg/mL (21, 27, 
34, 38, 43). DD level >1 μg/mL is considered a risk 
factor for mortality in hospitalized adult patients 
with COVID-19 (34). According to the results of 
multiple studies, a DD value at admission ≥2.38 
μg/mL was associated with increased chances of 
mortality. Each 1 μg/mL increase in DD level at 
admission was associated with a 6% increase in 
the risk of all-cause mortality, an 8% increase in 
the risk of assisted ventilation, and an 8% in-
crease in the risk of thromboembolism (44). 

Therefore, elevated D-dimer levels at admission 
in patients with SARS-CoV-2 infection have been 
associated with an increased risk of escalation to 
severe form of the disease and death (2, 23, 28, 
31, 38). 

A systematic review and meta-analysis conducted 
on 12 studies involving 2,794 patients with 
COVID-19, including 596 (21.3%) patients with 
severe form and 2,198 (78.7%) patients with non-
severe form of the disease, revealed that elevated 
D-dimer levels and low platelet count were more 
common in patients with severe condition (30). 
Increased DD level (OR: 5.67) and thrombocyto-
penia (OR: 3.61) predicted severe infection, ena-
bling early identification and management of pa-
tients with negative outcomes. The elevated DD 
level and low platelet count may suggest the acti-
vation of systemic coagulation with secondary fi- 
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brinolysis and platelet consumption. This finding 
confirms the prothrombotic phenotype of SARS-
CoV-2 infection, which is associated with disease 
severity (16, 30, 45). 

The evaluation of three systematic reviews and 
meta-analyses conducted on 12-23 studies with a 
variable number of patients with COVID-19 in-
cluded (7-4848) determined a significantly 
higher DD level in patients with COVID-19 com-
pared to healthy individuals (2, 12, 34), in pa-
tients with severe forms of COVID-19 compared 
to those with non-severe forms (2, 6, 12, 18, 34), 
in patients with acute respiratory distress syn-
drome (ARDS) compared to those without ARDS, 
and in deceased ARDS patients compared to those 
who survived (p<0.001). Patients with COVID-19 
treated with anticoagulants, due to the reversal of 
the procoagulant pattern, had lower mortality 
compared to untreated patients (p<0.05) (2, 12, 
13, 34). 

Six large-scale systematic reviews and meta-anal-
yses, conducted on 6-75 studies with 1,329-
17,052 hospitalized patients with COVID-19, re-
vealed that an increase in DD level was associated 
with a 2-3 times higher risk of poor composite 
outcome (including mortality, severe COVID-19, 
ARDS, ICU admission, and mechanical ventila-
tion), a 2-fold higher risk of developing severe 
COVID-19, and a 4-fold higher risk of mortality 
(11, 24, 35, 43, 46, 47). Subgroup analysis showed 
that the elevated DD level was associated with in-
creased mortality: 21% versus 4.9% (p<0.001), 
RR 4.11-4.77 (p<0.001) (27, 35, 47); OR 28.14 
(p<0.001) (13, 27, 35, 48). The elevated DD level 
was also associated with severe COVID-19: 
40.74% versus 21.98% (p<0.001), RR 2.04-2.42 
(p<0.001) (13, 35, 47, 48). The DD level was 
higher in the severe/non-survivor group com-
pared to the non-severe/survivor group (2.9 and 
0.8 mg/dL, respectively; p<0.001) (48). 

The results of a systematic review and meta-anal-
ysis were based on 39 studies reporting DD levels 
in 5,750 non-severe patients and 2,063 severe pa-
tients, and 16 studies reporting DD levels in 2,783 
survivors and 697 non-survivors. DD levels were 
significantly higher in patients with severe clini-
cal status compared to those with non-severe 
forms of COVID-19, and in non-survivors com-
pared to survivors. DD levels above the upper 
limit of normal were associated with a higher risk 
of severity  (RR:  1.58;  p<0.0001)  and  mortality  

(RR: 1.82; p<0.0001). The authors concluded that 
elevated DD levels determined at admission cor-
relate significantly with the severity of COVID-19 
and can predict mortality in hospitalized patients, 
thus they should be used for risk stratification in 
COVID-19 patients (17). Another systematic re-
view and meta-analysis involving 6 original stud-
ies and a total of 1,355 hospitalized patients with 
moderate to critical COVID-19 confirmed these 
results – DD level is significantly associated with 
the risk of mortality in COVID-19 patients. The av-
erage DD value was higher in non-survivors com-
pared to survivors (49). 

According to the results of four meta-analyses 
published in 2020 and 2021, the sensitivity of the 
prognostic performance of DD for severity, mor-
tality, and VTE in patients with COVID-19 was 55-
77%, 64-75%, and 90% respectively, while the 
specificity was 56-71%, 66-83%, and 60% re-
spectively. DD is considered a global marker of 
hemostasis activation and can predict severe and 
fatal outcomes in COVID-19 patients with moder-
ate sensitivity and specificity. It can diagnose VTE 
with high sensitivity and low specificity. The au-
thors recommend the use of this marker as a pre-
radiographic screening tool, risk stratification in-
dicator for VTE, and routine investigation after 
anticoagulant therapy for hospitalized patients 
with COVID-19 (2, 12, 22, 29). 
 

DISCUSSIONS  

DD is an independent prognostic marker. Higher 
DD levels in patients with COVID-19 are signifi-
cantly associated with the risk of disease progres-
sion, severity of the condition, composite out-
come, and mortality risk (12). These meta-anal-
yses recommend the rapid assessment of DD for 
predicting adverse outcomes in COVID-19 (2, 12, 
22, 29). 

Patients with severe forms of COVID-19 have a 
higher risk of hypercoagulability, and deceased 
patients show significantly higher DD levels, re-
flecting a state of hypercoagulability. These find-
ings suggest that higher DD levels in patients with 
COVID-19 may indicate coagulopathy and throm-
botic risk (12, 48, 50). 

Although the DD levels at admission and their 
trends during hospitalization are associated with 
outcomes in COVID-19, DD has limited perfor-
mance characteristics as prognostic tests when 
analyzed separately (44).  
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A systematic review and meta-analysis conducted 
on 12 studies with 3,343 patients, including 2,801 
patients with COVID-19 (967 patients with severe 
form of the disease), revealed that the pooled re-
sults of all studies showed significantly higher DD 
concentrations in patients with more severe 
COVID-19 compared to patients with non-severe 
condition and the overall COVID-19 patients (29). 
There are correlations between the severity of 
COVID-19, severe increase in DD levels, and the 
increased rate of complications and final out-
comes (2).  

Therefore, DD should be used as a pre-radio-
graphic screening tool as early as possible after 
admission, as a risk stratification indicator for 
VTE, and as a routine investigation after anticoag-
ulant therapy for hospitalized patients with 
COVID-19. Based on the increase in DD levels, ad-
justing therapeutic doses of anticoagulants be-
comes more beneficial for patients compared to 
prophylactic doses (22). 

A D-dimer level >2590 ng/mL was associated 
with a 17-fold increase in the adjusted risk of pul-
monary embolism, and the absence of any antico-
agulant therapy was associated with a 4-fold in-
crease in the risk of pulmonary embolism in pa-
tients with severe COVID-19 (oxygen saturation 
measured by pulse oximetry SpO2 ≤93% in room 
air, respiratory rate ≥30 breaths/min, or rapid 
clinical deterioration) (51). 

It is confirmed that severe COVID-19 is associated 
with cascades of inflammatory mediators, and the 
evaluation of these markers allows for early iden-
tification or even prediction of disease progres-
sion. It is well known that C-reactive protein is an 
acute-phase protein and an active regulator of in-
nate immunity, serving as a predictive proinflam-
matory biomarker for the need of mechanical 
ventilation and escalation of treatment in uncon-
trolled inflammation in SARS-CoV-2 viral infec-
tion (38). 

Therefore, early identification of variables associ-
ated with poor outcomes in patients with COVID-
19 can be useful for planning more appropriate 
preventive treatment, reducing the risk of devel-
oping  ARDS  and  ICU  admission,  improving  sur- 

vival, and optimizing the allocation of healthcare 
resources, which can be highly limited in some 
countries. Additionally, ambulatory patients pre-
senting one or more of these characteristics can 
be promptly hospitalized for enhanced manage-
ment (16, 30). 

Furthermore, the assessment of DD concentration 
and its correlation with inflammatory markers 
and the severity of COVID-19 has found that the 
median value of DD was three times higher in pa-
tients with severe forms of COVID-19 compared 
to those with mild forms of the disease (1870 
mg/L versus 630 mg/L, respectively). A weak but 
significant positive correlation was observed be-
tween DD and CRP (r=0.327; p<0.001). The com-
bination of CRP value of 72.65 mg/L and DD value 
of 1250 mg/L can be used as a marker of COVID-
19 severity with moderate accuracy (42).  

Therefore, based on the aforementioned infor-
mation, it is evident that COVID-19 is a prothrom-
botic condition, and coagulopathy is a significant 
complication in such patients, closely associated 
with clinical outcomes. DD indicates hypercoagu-
lability and is directly associated with the severity 
of COVID-19. Furthermore, DD can be used as an 
early and reliable prognostic biomarker to pre-
dict mortality in patients with COVID-19 at the 
time of hospitalization. They facilitate a personal-
ized and effective clinical management process, 
including anticoagulation strategies, which could 
significantly reduce the mortality rate (3, 12, 22, 
24, 29, 34, 44, 45, 48, 49). 

The determination of DD is a widely available la-
boratory test, feasible in patients with COVID-19 
(16, 17, 24, 38, 49). However, there are also 
sources of heterogeneity, including age, comor-
bidity rates, average length of hospitalization, cri-
teria for excluding conditions that increase DD 
levels (such as pregnancy, cancer, post-trauma 
state, and surgery), and the timing of DD meas-
urement. Furthermore, the lack of association be-
tween DD levels and mortality indicates that anti-
coagulant treatment may lead to a decrease in the 
number of deaths (22, 45). Confirmation of these 
results requires further studies, particularly on a 
global scale, to determine the specific key value of 
this laboratory biomarker (6, 18).

 

CONCLUSIONS 

1. COVID-19 is a prothrombotic, procoagulant condition, and coagulopathy is a common complication 
in such patients closely associated with clinical outcomes. In the majority of cases, D-dimer levels  
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are elevated and indicate hypercoagulability that is directly proportional to the severity of COVID -
19. 

2. D-dimers are positively associated with the degree of severity and increased risk of progression to 
a severe form of the disease. They correlate inversely with survival and can predict the prognosis 
and outcome of patients with COVID-19. D-dimers contribute to patient triage, determining thera-
peutic strategies, preventing complications, positively influencing the course of the disease, and 
monitoring prognosis. 

3. The level of D-dimers is significantly higher in patients with COVID-19 compared to healthy indi-
viduals, in patients with severe forms of COVID-19 compared to those with non-severe forms, in 
patients with ARDS compared to those without ARDS, and in deceased patients compared to those 
who have survived. 

4. D-dimers should be used as a pre-radiographic screening tool as early as possible after admission, 
as an indicator for stratifying the risk of venous thromboembolism, and as a routine investigation 
after anticoagulant therapy for hospitalized patients with COVID-19. Based on the increase in D-
dimers, adjusting therapeutic doses of anticoagulants is more beneficial for patients compared to 
administering prophylactic doses. 
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INTRODUCTION

The changing landscape of armed conflicts in the 
past three decades has given rise to novel trends 
and diverse scenarios in the preparation and exe-
cution of combat operations. Consequently, mili-
tary strategies have undergone significant modi-
fications (1). The advent of cutting-edge technol-
ogies has ushered in a revolutionary shift in the 
methods and approaches employed in combat ac-
tions. Modern armed conflicts are distinguished 
by the fusion of various modes of engagement: en-
compassing traditional and unconventional wea-
ponry, both regular and irregular forces, in-
stances of terrorism, organized criminal activi-
ties, indiscriminate violence, and actions that op-
erate beyond the international law (2). In the ma-
jority of contemporary armed conflicts, opera-
tional military forces typically consist of task 
forces ranging from 1-2 battalions up to a brigade, 
responsible for autonomous and self-sustained 
combat operations. Insights gleaned from recent 
operational experiences underscore a discernible 
contrast in the structure and delivery of medical 
assistance between regional military conflicts and 
large-scale armed confrontations.  

The aim of the study is to highlight the particular-
ities related to the changing nature of armed con-
flicts and their impact on military strategies, tech-
nological advances, and medical support systems.  
 
MATERIAL AND METHODS   

A comprehensive retrospective bibliographic 
study was conducted to trace the evolution of 
combat action methodologies within the United 
States of America, NATO member nations, and in-
ternational UN Peacekeeping Operations over the 
past 25 years. 
 
RESULTS 

Contemporary armed conflicts are distinguished 
by the execution of combat actions utilizing re-
sources and capacities aligned with peacetime or-
ganizational structures, often involving partial 
mobilization. These conflicts typically occur 
within confined operational zones, with the 
timeframe for conducting combat actions span-
ning anywhere from as short as 6 days (as seen in 
the 1967 Arab-Israeli conflict) to as extended as 8 
years (as observed in the 1980-1988 Iran-Iraq 
conflict). The intensity of combat actions during 
such conflicts displays cyclic fluctuations, marked  

by the gradual accumulation of forces and re-
sources over a span of up to 6 months, leading to 
direct combat engagements lasting around 7 
days. Importantly, the civilian populace residing 
in the involved belligerent parties is exposed to 
substantial risks stemming from detrimental fac-
tors, resulting in the unfortunate occurrence of 
collateral losses (2).  

The core concept of the modern staged treatment 
and evacuation system lies in the sequential im-
plementation of treatment procedures, following 
a specific order of medical stages. These stages 
are closely linked with the transfer of wounded or 
sick individuals to specialized medical units, 
aligning with their medical requirements and 
designated destinations. Additionally, this ap-
proach factors in the dynamic interplay between 
the prevailing combat circumstances and the 
medical settings (3, 4, 5). 

As per the stipulations of the NATO Directive of 
2010, the previously emphasized critical time 
frame for delivering medical assistance known as 
the “Golden Hour” has been replaced by the '10-
1-2 (+2)' interval, comprising: 

● "10" – stop bleeding - up to 10 minutes from 
the time of injury; 

● "1" – evacuation to the medical treatment fa-
cility  capable of performing resuscita-
tion/stabilization of vital functions;  

● "2" – evacuation to the medical formation that 
provides Damage Control Surgery and Resus-
citation – up to 2 hours from the time of in-
jury;  

● "+2" – surgical intervention, stabilization of 
vital functions, diagnosis aimed at preparing 
the wounded for strategic evacuation 
(STRATEVAC) – up to 4 hours from the time 
of injury. 

Taking into account the ”optimal range” and the 
capacities of medical units within the Armed 
Forces of NATO member countries and the United 
States of America, the medical service assets and 
resources are organized into four distinct levels: 
Role 1, 2, 3, and 4. These medical units are catego-
rized into Roles based on their minimum clinical 
and paraclinical capabilities (tab. 1). Additionally, 
it's noteworthy that the operational readiness 
and mobility of these medical units align with the 
military structures they support. 
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Table 1. The capabilities of Role 1 (R1) level medical treatment facility. 
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Ensures the primary medical assistance of the workforce, including first aid (medical aid), triage, resus-
citation and stabilization activities. 

Ensures the retrieval of the wounded individuals and their readiness for evacuation. 

Provides elements of preventive medicine. 

Provides a medical protection component against weapons of mass destruction, probably used by the 
adversary. 

May include minimal capacities for providing short -term patient care, primary dental services, a labor-
atory for conducting essential analyses, and personnel trained in combat stress management. 

Can allocate forces and means for the medical support of the forces, whether from advanced positions 
or isolated locations. 

Can allocate forces and means to establish rapid response medical teams. 

 

The Role 1 medical treatment facility encom-
passes the Battalion Aid Station (BAS), which 
serves as the fundamental component of the bat-
talion's medical platoon. 

The organizational structure of the medical pla-
toon comprises the following components: man-
agement, treatment unit, ambulance unit, and 
health instructors’ unit. The Commander, treat-
ment and ambulance units together form the Bat-
talion Aid Station within the battalion. 

The treatment unit serves as a fundamental com-
ponent in delivering medical aid at the battalion 
level. The unit's personnel are organized into two 
groups: 

●  group "A" consists of a doctor and up to three 
nurses. 

●  group "B" comprises a paramedic and up to 
three health instructors. 

The ambulance unit comprises two ambulance 
teams: a tracked ambulance team with three 
members and a wheeled ambulance team with 
two members. This section is responsible to 
transport the wounded from the injury site or 
Casualty Collection Point (CCP) to the Battalion 
Aid Station (BAS). 

The combat medic unit consists of combat medics, 
each assigned to a maneuver company. 

The Role 2 (R2) medical treatment facility pos-
sesses the capability to receive and prioritize 
wounded individuals, as well as provide advanced 
resuscitation and treatment for traumatic shock 
(tab. 2). 

 
Table 2. The types of Role 2 and their capabilities (6). 

 

The types The capabilities  

Role 2 Forward (R2F) – the advanced medical for-
mation, with high mobility  

(The resources of the given formation are limited) 

advanced emergency surgical assistance 

postoperative care 

preparing the wounded for further evacuation 

Role 2 Basic (R2B) – the mobile medical treatment fa-
cility  
(Limitations in the hospitalization of the wounded and 
medical supply constraints) 

reception 

triage 

resuscitation and emergency surgery 

postoperative care 

Role 2 Enhanced (R2E) – strengthened medical treat-
ment facility  

diagnostic 

specialized medical assistance 

prepare the wounded for strategic evacuation 
(STRATEVAC) 

The unit can be deployed independently to en-
hance the delivery of medical assistance within  

the operational theatre. 
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These medical formations are designed to oper-
ate at the army corps level and are represented by 
the Combat Support Hospital. Their core mission 
is to deliver comprehensive medical support, en-
compassing both outpatient and inpatient care, to 
all patient categories within the Operation Thea-
tre. 

The hospital structure comprises: 
1. Management, along with a management de-

tachment. 
2. Hospital Company with 84 beds (Alpha Co). 
3. Hospital Company with 164 beds (Bravo Co). 

The”Alpha” company (44 beds) comprises the fol-
lowing capabilities: 2 operating rooms (with a 
maximum capacity of 36 hours for surgical inter-
ventions per day), 2 intensive care units (each 
with 12 beds), and a hospital unit (20 beds). In ad-
dition to the Hospital Reinforcement Element's 

capacity (20 intensive care beds), it also consti-
tutes a Field Hospital (84 beds). 

The capabilities of the 'Bravo' hospital company 
(164 beds) encompass: 4 operating rooms (with a 
maximum capacity of 60 hours for surgical inter-
ventions per day), 2 intensive care units (each 
having 12 beds), and 7 inpatient units (each 
equipped with 20 beds) (10). 

A hospital ship (Hospital Ship) with a capacity of 
1000 beds (including 100 intensive care beds and 
12 operating rooms) is designated for providing 
medical assistance within the Naval Forces at the 
Role III level (11 - 14). 

The Role 4 (R4) medical treatment facility encom-
passes a wide range of specialties, investigations, 
and medical procedures. This medical unit oper-
ates within the national territory, at its desig-
nated permanent deployment location. 

 

CONCLUSIONS 

1. While a significant portion of today's global operations involve peacekeeping missions, it's im-
portant to acknowledge that there are various other types of military conflicts in their active phases 
as well. 
 

2. Due to the unique characteristics of local military conflicts, the planning of medical support, along 
with the intricate set of treatment and evacuation measures, force health protection, and medical 
logistics, necessitates adaptation to the actual tactical and medical circumstances. 

 

3. This imperative calls for the integration of contemporary approaches methods in medical support, 
spanning from the battlefield to the recovery of the wounded and sick. 
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were used: nutrient agar, agarized meat peptone 
medium, meat peptone broth, King A, and King B 
(dilutions 10-5 and 10-6) (10, 11, 12). The isolation 
of bacterial cultures was carried out through suc-
cessive dilutions. Subsequently, as a result of 
these successive dilutions, they were inoculated 
onto Petri dishes with various culture media. 

To identify strains of pathogenic enterobacteria, 
the following culture media were used: Salmo-
nella Shigella Agar, Endo Agar, Kligler Iron Agar 
(KIA), and Triple Sugar Iron Agar (TSI) (13 �� 16). 

For species identification, molecular biological 
methods were employed, involving the amplifica-
tion and sequencing of the 16S rRNA (17). 

For conservation, through the lyophilization 
method, 19 strains of biotechnologically relevant 
bacteria were selected based on their high antimi-
crobial properties against mycelial fungi and phy-
topathogenic bacteria. These strains are now 
stored in the National Collection of Non-patho-
genic Microorganisms (CNMN) at the Institute of 
Microbiology and Biotechnology of the Technical 
University of Moldova: Bacillus velezensis CNMN-
BB-12, Bacillus velezensis CNMN-BB-13, Bacillus 
velezensis CNMN-BB-14, Bacillus velezensis 
CNMN-BB-15, Bacillus velezensis CNMN-BB-16, 
Bacillus velezensis CNMN-BB-17, Bacillus velezen-
sis CNMN-BB-18, Micrococcus yunnanensis CNMN-
BM-19, Micrococcus yunnanensis CNMN-BM-20, 
Paenibacillus pabuli CNMN-BP-21, Planococcus 
ruber CNMN-BP-22, Peribacillus simplex CNMN-
BP-23, Planococcus chinensis CNMN-BP-24, Bacil-
lus safensis CNMN-BB-25, Bacillus safensis CNMN-
BB-26, Bacillus safensis CNMN-BB-27, Peribacillus 
simplex CNMN-BP-28, Bacillus rugosus CNMN-BB-
29, Micrococcus aloeverae CNMN-BM-30. 

As a nutritional medium for the cultivation and 
growth of the mentioned strains, nutrient agar 
was used. Cultivation was carried out at a temper-
�ƒ�–�—�”�‡���‘�ˆ���ª�u�r�¬�s�¹�����ˆ�‘�”���ƒ���’�‡�”�‹�‘�†���‘�ˆ���t�v-48 hours.  

As a stabilizing medium with a protective effect 
against osmotic and thermal shocks for lyophi-
lization, 7% sucrose in skim milk was used. After 
resuspending the strains in the protective me-
dium and distributing them into vials with 1 mL 
each, the samples were frozen at -�z�r�¹�����‹�•���–�Š�‡��ARC-
TICO ULTF 80 freezer, then lyophilized using the 
Free Zone Plus lyophilized. After lyophilization, 
�–�Š�‡�›���™�‡�”�‡���•�‡�ƒ�Ž�‡�†���ƒ�•�†���•�–�‘�”�‡�†���ƒ�–���ª�v�¹��. 

The subculturing of microorganism cultures after  

lyophilization was carried out on nutrient agar 
medium, following the standard method. This in-
volved rehydrating them with distilled water and 
�‹�•�…�—�„�ƒ�–�‹�•�‰���–�Š�‡�•���ƒ�–���ƒ���–�‡�•�’�‡�”�ƒ�–�—�”�‡���‘�ˆ���ª�u�r�¬�s�¹�����ˆ�‘�”��
3 hours to facilitate their revival (10, 11, 12, 18). 

The determination of the viability of microorgan-
ism cultures was performed using the method 
proposed by Donev in 2002 (1). The method in-
volves performing successive dilutions, inoculat-
ing onto Petri dishes, and counting the colony-
forming units, following a specific formula: 

 
c % = (lgUFCml-1fin / lgUFCml-1in�����­���s�r�r�¨ 

 
in which:  

lgUFC ml-1in represents the logarithm 
with base 10 of the number of colony-
forming units before lyophilization;  
lgUFC ml-1fin represents the logarithm of 
the number of colony-forming units after 
lyophilization or storage;  
c �� the viability of cultures in percentages. 

Statistical analysis was performed using Mi-
crosoft Excel 2010, by logarithmizing the data and 
determining the percentage of viability. The sta-
tistical significance threshold was set at p=0.05. 
 
RESULTS 

In order to study the aquatic biodiversity of the 
�Ž�ƒ�•�‡�•�� �‹�•�� �ò���ƒ�� ���œ�˜�‘�”�ó�� ���ƒ�”�•�á�� �s�s�� �™�ƒ�–�‡�”�� �•�ƒ�•�’�Ž�‡�•�á�� �s�s��
mud samples, and 11 biofilms were examined. 
From these samples, 213 types of bacterial colo-
nies were isolated. Subsequently, for the purpose 
of selecting pathogenic isolates of enterobacteri-
aceae, they were cultivated on characteristic me-
dia including SS agar, Endo, KIA, and TSI. As a re-
sult of the analysis of bacterial growth on these 
characteristic media, 148 samples of enteropath-
ogenic bacteria were identified, including Esche-
richia coli, Salmonella, Shigella, Enterobacter, 
Klebsiella, and other strains from the Enterobac-
teriaceae family (9). 

The remaining 65 isolates in the study were 
tested for various parameters to identify the most 
active ones, which are biotechnologically relevant 
to us. Consequently, enzymatic properties such as 
amylolytic activity (detected in 27 strains), cata-
lase activity (in 42 strains), lipase activity (in 21 
strains), cellulase activity (in 18 strains) were de-
termined. Additionally, their antifungal and anti-
bacterial  activities  were  assessed.  As  a result of  
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the screening, the most active 19 strains were se-
lected. These selected strains were later identi-
fied using molecular biological methods (amplifi-
cation and sequencing of 16S rRNA) in collabora-
tion with the Institute of Biology in Bucharest, Ro-
mania, and the Mother and Child Institute in Chis-
inau, Moldova (17). 

Using molecular biology techniques, it was deter-
mined that the majority of the isolated strains 
were identified as Bacillus velezensis, with 16S 
rRNA sequences showing a similarity of over 
99.6% (and a 99.4% similarity with Bacillus amy-
loliquefaciens MPA 1034). Additionally, strains of 
Micrococcus yunnanensis were identified, where 
the 16S rRNA sequences exhibited a similarity of 
over 99.7% (and a 99.5% similarity with Micro-
coccus luteus DSM 200030) (17). 

Following microscopic examination, the selected 
bacterial strains are both Gram-positive and 
Gram-negative. On nutrient agar medium, they 
form colonies that can be white or yellow, matte 
or shiny, with a smooth and wavy edge. Some may 
�„�‡���‘�ˆ���–�Š�‡���ò���ó���–�›�’�‡�á���™�Š�‹�Ž�‡���‘�–�Š�‡�”�•���ƒ�”�‡���ò���ä�ó�����‹�…�”�‘�•�…�‘�’�æ
ically, the cells have a spherical cocci shape and 
do not form spores (as seen in M. yunnanensis, 
Planococcus ruber/Planococcus massiliensis), 
while others have an elongated rod-shaped (ba-
cilli) form (as seen in B. velezensis, Paenibacillus 
pabuli), which can form endospores (9). 

The selected strains with biotechnological poten-
tial were described according to the deposition 
passport at CNMN and deposited with the issu-
ance of a microorganism storage certificate. After 
deposition at CNMN, these microorganism strains 
are preserved using various methods: through 
periodic subculturing (though this method is not 
efficient for long-term preservation, as there is a 
risk of culture loss or changes in the initial mor-
pho-cultural characteristics), under a layer of 
mineral oil, or by lyophilization (which is the saf-
est method) (4, 5, 6, 19). Thus, as a result of pre-
serving bacterial strains through the lyophiliza-
tion method, it can be observed that the cell via-
bility after lyophilization varies between 75.91% 
to 93.08%, depending on the studied strain (tab. 
1). 

The analysis of the data in the table above also 
shows that, for some strains, the titer decreases 
by 3 units compared to the data prior to lyophi-
lization, while for others, it only decreases by 1 
unit. This could be associated with their resistan- 

ce to the osmotic and thermal shocks they were 
subjected to. Thus, for those with a sudden drop 
in titer of up to 3 units, the post-lyophilization vi-
ability is lower and ranges between 75.91% and 
79.84%. Meanwhile, for those where the titer 
drops by one unit, the viability is higher, ranging 
between 85.17% and 93.08%. The highest viabil-
ity, reaching 93.08%, is observed in the Bacillus 
velezensis CNMN-BB-16 and Peribacillus simplex 
CNMN-BP-23 strains.  

All bacterial strains revived from lyophilized state 
have achieved viability values of over 75.91%, in-
dicating a very good index for cultures preserved 
for 5 to 19 years. The results obtained confirm the 
preservation of biotechnological properties, mor-
pho-cultural characteristics, and the enhanced re-
generative capacity of the described strains, as 
observed by other researchers (4, 5, 20). 
 
DISCUSSIONS 

The conservation of biological diversity at the 
level of ecosystems, species, populations, and 
genes is one of the main concerns of humanity in 
the 21st century (the third millennium). The 
problem lies in the fact that, with the advance-
ment of technological progress and the intensive 
use of natural resources, the anthropogenic im-
pact on biological diversity has significantly in-
creased, leading to a substantial reduction in the 
number of species and varieties of living organ-
isms that inhabit the Earth (1, 2, 3). 

To identify microorganisms down to the genus or 
species level, a series of tests are necessary. These 
tests include both morphological and cultural 
characteristics, as well as a series of biochemical 
tests for microorganism determination. This is 
because microorganisms utilize various chemical 
substances from the culture medium as a source 
of energy or as building material for growth and 
reproduction, resulting in changes to the initial 
environment (the disappearance of certain sub-
stances from the medium, the appearance of new 
products, alterations in pH, gas production, etc.)  
(21, 22). These modifications reflect the nature of 
the enzymatic equipment and, indirectly, the ge-
netic characteristics of the respective microor-
ganisms. Therefore, biochemical properties are of 
particular importance for the identification and 
classification of microorganisms. Some character-
istic biochemical tests include agglutination tests, 
catalase tests, oxidase tests, coagulation tests, and 
others. 
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For fermentative organisms, glucose is the first 
catabolized sugar. If glucose is consumed, the bac-
teria take a detour in their metabolic pathway. 
However, if glucose is limited, and the organism 
does not produce the necessary enzymes to catab-
olize lactose, the organism can use the protein 
from the medium. After inoculation on these 
given media, the culture is incubated for 24 hours 
�ƒ�–���ƒ���–�‡�•�’�‡�”�ƒ�–�—�”�‡���‘�ˆ���ª�u�y�¹���ä�����‹�•�‡���‹�•���…�”�—�…�‹�ƒ�Ž���‹�•���”�‡�ƒ�†�æ
ing the KIA results. An early reading could reveal 
yellow throughout the medium, leading to the 
conclusion that the organism is a lactose fer-
menter when it may simply not have exhausted 
the glucose yet. A reading after lactose has been 
exhausted could mean that the organism may be 
just a glucose fermenter (13, 14, 15). 

Thus, the practical importance of biochemical 
properties has led to a diversification of working 
techniques and, in some cases, their standardiza-
tion. Biochemical tests are performed only with 
the help of pure cultures, using control cultures 
that produce positive and negative reactions (18, 
23). 

The author Huda isolated and characterized the 
carotenoid pigment from Micrococcus luteus, 
which exhibited antibacterial and antifungal ac-
tivity, along with the ability to absorb UV rays in 
the range of 300 to 500 nm (24). It is well known 
that aerobic bacteria of the Bacillus genus exhibit 
high antagonistic activity (22), and biological 
preparations based on them offer significant ad-
vantages, such as safety for humans and animals, 
resistance to adverse environmental factors. This 
makes them effective for use against plant dis-
eases caused by phytopathogens (5, 19, 25). Devi 
S. and colleagues mentioned that B. velezensis 

FZB42 is the most extensively researched biofer-
tilizer and biocontrol agent based on Bacillus, 
commercially used in agriculture (26). Moreover, 
researchers Li-Ting Wang and Fan have proposed 
a heterotypic synonym for Bacillus velezensis, 
with the subsequent name Bacillus amyloliquefa-
ciens. This proposal has been confirmed through 
conducted studies and may be considered for fur-
ther research (27, 28, 29). 

The bacterial species Bacillus amyloliquefaciens, 
Bacillus siamensis, Bacillus velezensis, and Bacillus 
nakamurai, belonging to the operational group 
Bacillus amyloliquefaciens (OGBa), are all Gram-
positive, spore-forming organisms. They are 
widely distributed in various niches, including 
soil, plants, food, and water. Members of the OGBa 
group are known as Plant Growth-Promoting Bac-
teria (PGPB) due to their abilities to fix nitrogen, 
solubilize phosphate, produce siderophores, phy-
tohormones, antimicrobial compounds, and vari-
ous enzymes (such as amylase, protease, lipase, 
cellulase, xylanase, pectinase, aminotransferase, 
barnase, peroxidase) (27, 28). 

After identifying and determining strains of bio-
technologically relevant bacteria, their conserva-
tion is of paramount importance due to the long-
term preservation of their characteristic morpho-
cultural and biochemical properties. The determi-
nation of the number of microbial cells immedi-
ately after lyophilization is a crucial parameter, 
allowing us to estimate the viability of the studied 
strains. A high number of viable cells after lyoph-
ilization can ensure the preservation of strain vi-
ability for an extended period. During the storage 
period, the viability of lyophilized cells tends to 
decrease relatively slowly (4, 6).

 
CONCLUSIONS 

1. �t�s�u���–�›�’�‡�•���‘�ˆ���„�ƒ�…�–�‡�”�‹�ƒ�Ž���…�‘�Ž�‘�•�‹�‡�•���™�‡�”�‡���‹�•�‘�Ž�ƒ�–�‡�†���ˆ�”�‘�•���–�Š�‡���Ž�ƒ�•�‡�•���‹�•���ò���ƒ�����œ�˜�‘�”�ó�����ƒ�”�•�á���‘�—�–���‘�ˆ���™�Š�‹�…�Š���s�v�z���™�‡�”�‡��
enteropathogenic, such as Escherichia coli, Salmonella, Shigella, Enterobacter, and Klebsiella, as well 
as other strains from the Enterobacteriaceae family. 

2. Nineteen strains of bacteria with enhanced enzymatic and antifungal properties were identified. Sub-
sequently, they were characterized through molecular biological methods, described morphologi-
cally, and stored in the National Collection of Non-pathogenic Microorganisms. 

3. The selected strains of biotechnologically relevant bacteria were preserved using the lyophilization 
method, which enabled a viability of over 75.91%. This high viability ensures their long -term preser-
vation. 

4. The strains Bacillus velezensis CNMN-BB-16 and Peribacillus simplex CNMN-BP-23 demonstrated re-
markable resilience to the stresses they were subjected to, achieving the highest viability, reaching 
up to 93.08%. 
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Introduction. The objective of the current study is to determine statistical difference in 
means of COVID-19 infected population, discharged cases and deaths resulting from COVID-
19 pandemic and to estimate number of people that can survive it in Rivers State, Nigeria. 
Material and methods. In this study, extraction of infected population, discharged cases and 
deaths from COVID-19 was carried out from data obtained from Nigeria Centre for Disease 
Control which covered a period of 572 days. The test for significance of means among the 
variables was done using one-way Analysis of Variance followed by Tukey HSD test. The two 
variables whose means do not significantly differ were tested for strength of relationship and 
dependence using correlation analysis and cubic polynomial function respectively. Results. 
Results showed that there is statistically significant difference between infected population, 
discharged cases and deaths from COVID-19 as obtained from one-way ANOVA (F(2, 
1710)=121.958, p=0.000). Use of Tukey HSD test indicated that means of infected population 
and discharged cases do not differ from each other (p>0.01); however, mean deaths from 
COVID-19 significantly differ from others at 99% confidence intervals (p<0.01). There was 
weak positive relationship between deaths due to COVID-19 and other two groups (r=0.360, 
n=571, p=0.000). However, moderate positive correlation existed between COVID-19 infected 
population and discharged population (r=0.566, n=571, p=0.000) at 99% confidence interval.  
Conclusions. Mean of deaths from the study population was significantly different from 
means from both infected population and discharged cases. This implies that only few people 
died from COVID-19 in Rivers State Nigeria when compared to those who got infected and 
recovered from COVID-19 pandemic. 

Cuvinte-cheie: �„�‘�ƒ�Ž�£�á��
coronavirus, deces,  
COVID-19, �”�Ÿ�—�”�‹�á�����‹�‰�‡�æ
ria.          

���������������� �������	�����i�����������á�� ���������������$�������������g���� ���� �������������������� ���������������������� ���������� -19 
�B�����������������������������������������������
��������  
Introducere.  Obiectivul studiului �‡�•�–�‡���†�‡���ƒ���†�‡�–�‡�”�•�‹�•�ƒ���†�‹�ˆ�‡�”�‡�•�ì�ƒ���•�–�ƒ�–�‹�•�–�‹�…�£���Á�•�–�”�‡���•�‡�†�‹�‹�Ž�‡���’�‘�æ
�’�—�Ž�ƒ�ì�‹�‡�‹���‹�•�ˆ�‡�…�–�ƒ�–�‡���…�—������������-�w�•�á���…�ƒ�œ�—�”�‹�Ž�‡���‡�š�–�‡�”�•�ƒ�–�‡���è�‹���†�‡�…�‡�•�‡�Ž�‡���”�‡�œ�—�Ž�–�ƒ�–�‡���Á�•���—�”�•�ƒ���’�ƒ�•�†�‡�•�‹�‡�‹���è�‹��
�†�‡���ƒ���‡�•�–�‹�•�ƒ���•�—�•�£�”�—�Ž���†�‡���’�‡�”�•�‘�ƒ�•�‡���…�ƒ�”�‡���’�‘�–���•�—�’�”�ƒ�˜�‹�‡�ì�—�‹���ƒ�…�‡�•�–�‡�‹�ƒ���Á�•���Ž�—�•�…�ƒ���”�Ÿ�—�”�‹�Ž�‘�”�á���†�‹�•�����‹�‰�‡�”�‹�ƒ�ä 
���ƒ�–�‡�”�‹�ƒ�Ž���èi metode. �B�•���ƒ�…�‡�•�–���•�–�—�†�‹�—���‡�š�–�”�ƒ�‰�‡�”�‡�ƒ���’�‘�’�—�Ž�ƒ�ì�‹�‡�‹���‹�•�ˆ�‡�…�–�ƒ�–�‡�á���ƒ���…�ƒ�œ�—�”�‹�Ž�‘�”���‡�š�–�‡�”�•�ƒ�–�‡���è�‹��
a deceselor din cauza COVID-�w�•���ƒ���ˆ�‘�•�–���‡�ˆ�‡�…�–�—�ƒ�–�£���Á�•���„�ƒ�œ�ƒ  �†�ƒ�–�‡�Ž�‘�”���‘�„�ì�‹�•�—�–�‡���†�‡���Ž�ƒ�����‡�•�–�”�—�Ž�����‹�‰�‡�æ
�”�‹�ƒ���’�‡�•�–�”�—�����‘�•�–�”�‘�Ž�—�Ž�����‘�Ž�‹�Ž�‘�”�á���…�ƒ�”�‡���ƒ���ƒ�…�‘�’�‡�”�‹�–���‘���’�‡�”�‹�‘�ƒ�†�£���†�‡���{�}�x���†�‡���œ�‹�Ž�‡�ä��Testul pentru semnifi-
�…�ƒ�ì�‹�ƒ�� �•�‡�†�‹�‹�Ž�‘�”�� �†�‹�•�–�”�‡�� �˜�ƒ�”�‹�ƒ�„�‹�Ž�‡�� �ƒ�� �ˆ�‘�•�–�� �”�‡�ƒ�Ž�‹�œ�ƒ�–�� �ˆ�‘�Ž�‘�•�‹�•�†�� �ƒ�•�ƒ�Ž�‹�œ�ƒ�� �˜�ƒ�”�‹�ƒ�•�ì�‡�‹�� �—�•�‹�†�‹�”�‡�…�ì�‹�‘�•�ƒ�Ž�‡��
�—�”�•�ƒ�–�£���†�‡���–�‡�•�–�—�Ž�����—�•�‡�›���������ä�����‡�Ž�‡���†�‘�—�£���˜�ƒ�”�‹�ƒ�„�‹�Ž�‡���ƒ�Ž�‡���…�£�”�‘�”���•�‡�†�‹�‹���•�—���†�‹�ˆ�‡�”�£���•�‡�•�•�‹�ˆ�‹�…�ƒ�–�‹�˜���ƒ�—��
�ˆ�‘�•�–�� �–�‡�•�–�ƒ�–�‡�� �’�‡�•�–�”�—�� �’�—�–�‡�”�‡�ƒ�� �”�‡�Ž�ƒ�ì�‹�‡�‹�� �è�‹�� �†�‡�’�‡�•�†�‡�•�ì�ƒ�� �ˆ�‘�Ž�‘�•�‹�•�†�� �ƒ�•�ƒ�Ž�‹�œ�ƒ�� �…�‘�”�‡�Ž�ƒ�ì�‹�‡�‹�� �è�‹�á�� �”�‡�•�’�‡�…�–�‹�˜�á��
�ˆ�—�•�…�ì�‹�ƒ���’�‘�Ž�‹�•�‘�•�‹�ƒ�Ž�£���…�—�„�‹�…�£�ä Rezultate. ���‡�œ�—�Ž�–�ƒ�–�‡�Ž�‡���ƒ�—���ƒ�”�£�–�ƒ�–���…�£���‡�š�‹�•�–�£���‘���†�‹�ˆ�‡�”�‡�•�ì�£���•�‡�•�•�‹�ˆ�‹�…�ƒ�æ
�–�‹�˜�£���•�–�ƒ�–�‹�•�–�‹�…���†�‹�•�–�”�‡���’�‘�’�—�Ž�ƒ�ì�‹�ƒ���‹�•�ˆ�‡�…�–�ƒ�–�£�á���…�ƒ�œ�—�”�‹�Ž�‡���‡�š�–�‡�”�•�ƒ�–�‡���è�‹���†�‡�…�‡�•�‡�Ž�‡���…�ƒ�—�œ�ƒ�–�‡���†�‡������������-19, 
�‘�„�ì�‹�•�—�–�‡���’�”�‹�•���–�‡�•�–�—�Ž���������������—�•�‹�†�‹�”�‡�…�ì�‹�‘�•�ƒ�Ž�����	���x�á���w�}�w�v���µ�w�x�w�á�•�{�~�á���’�µ�v�á�v�v�v���ä�����–�‹�Ž�‹�œ�ƒ�”�‡�ƒ���–�‡�•�–�—�Ž�—�‹��
���—�•�‡�›�����������ƒ���‹�•�†�‹�…�ƒ�–���…�£���•�‡�†�‹�‹�Ž�‡���’�‘�’�—�Ž�ƒ�ì�‹�‡�‹���‹�•�ˆ�‡�…�–�ƒ�–�‡���è�‹���…�ƒ�œ�—�”�‹�Ž�‡���‡�š�–�‡�”�•�ƒ�–�‡���•�—���†�‹�ˆ�‡�”�£���—�•�‡�Ž�‡���†�‡��
altele (p>0,01). Cu toate acestea, decesele medii cauzate de COVID-�w�•���†�‹�ˆ�‡�”�£���•�‡�•�•�‹�ˆ�‹�…�ƒ�–�‹�˜���†�‡��
alte�Ž�‡���Ž�ƒ���‹�•�–�‡�”�˜�ƒ�Ž�‡���†�‡���Á�•�…�”�‡�†�‡�”�‡���†�‡���•�•�¬�����’�¸�v�á�v�w���ä�������‡�š�‹�•�–�ƒ�–���‘���”�‡�Ž�ƒ�ì�‹�‡���’�‘�œ�‹�–�‹�˜�£���”�‡�†�—�•�£���Á�•�–�”�‡���†�‡�æ
cesele cauzate de COVID-�w�•���è�‹���ƒ�Ž�–�‡���†�‘�—�£���‰�”�—�’�—�”�‹�����”�µ�v�á�y�|�v�á���•�µ�{�}�w�á���’�µ�v�á�v�v�v���ä��Prin urmare, a 
�‡�š�‹�•�–�ƒ�–���‘���…�‘�”�‡�Ž�ƒ�ì�‹�‡���’�‘�œ�‹�–�‹�˜�£���•�‘�†�‡�”�ƒ�–�£���Á�•�–�”�‡���’�‘�’�—�Ž�ƒ�ì�‹�ƒ���‹�•�ˆ�‡�…�–�ƒ�–�£���…�—������������-19 �è�‹���’�‘�’�—�Ž�ƒ�ì�‹�ƒ���‡�š�æ
�–�‡�”�•�ƒ�–�£�����”�µ�v�á�{�|�|�á���•�µ�{�}�w�á���’�µ�v�á�v�v�v�����Ž�ƒ���—�•���‹�•�–�‡�”�˜�ƒ�Ž���†�‡���Á�•�…�”�‡�†�‡�”�‡���†�‡���•�•�¬�ä Concluzii. Media dece-
�•�‡�Ž�‘�”���†�‹�•���’�‘�’�—�Ž�ƒ�ì�‹�ƒ���†�‡���•�–�—�†�‹�—���ƒ���ˆ�‘�•�–���•�‡�•�•�‹�ˆ�‹�…�ƒ�–�‹�˜���†�‹�ˆ�‡�”�‹�–�£���†�‡���•�‡�†�‹�ƒ���ƒ�–�Ÿ�–���†�‡���Ž�ƒ���’�‘�’�—�Ž�ƒ�ì�‹�ƒ���‹�•�ˆ�‡�…�æ
�–�ƒ�–�£�á���…�Ÿ�–���è�‹���†�‡���Ž�ƒ���…�ƒ�œ�—�”�‹�Ž�‡���‡�š�–�‡�”�•�ƒ�–�‡�ä�����…�‡�ƒ�•�–�ƒ  �‹�•�’�Ž�‹�…�£���ˆ�ƒ�’�–�—�Ž���…�£���†�‘�ƒ�”���’�—�ì�‹�•�‹���‘�ƒ�•�‡�•�‹���ƒ�—���•�—�”�‹�–��
din cauza COVID-�w�•���Á�•���Ž�—�•�…�ƒ���”�Ÿ�—�”�‹�Ž�‘�”���†�‹�•�����‹�‰�‡�”�‹�ƒ�á���Á�•���…�‘�•�’�ƒ�”�ƒ�ì�‹�‡���…�—���…�‡�‹���…�ƒ�”�‡���•-�ƒ�—���‹�•�ˆ�‡�…�–�ƒ�–���è�‹���•-
�ƒ�—���”�‡�…�—�’�‡�”�ƒ�–���†�—�’�£���’�ƒ�•�†�‡�•�‹�ƒ���†�‡������������-19. 
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INTRODUCTION

Severe Acute Respiratory Syndrome Coronavirus 
2 (SARS-CoV-2) is a virus strain responsible for 
Corona virus disease 2019(COVID-19).  Its first 
case was discovered in year 2019 in Wuhan, Hu-
bei province of China and has spread to different 
parts of the world�ä�����‹�•�…�‡�����‹�‰�‡�”�‹�ƒ�ï�•���ˆ�‹�”�•�–���‹�•�†�‡�š���…�ƒ�•�‡��
arrived Lagos State on the 27th February 2020, 
other states of Federal Republic of Nigeria have 
recorded daily epidemiological case of COVID-19. 
Rivers State being one of the thirty-six states in 
Nigeria had its first laboratory confirmed case an-
nounced by Nigeria Centre for Disease Control on 
the 25th March 2020. As part of the proactive 
measures taken to curtail the spread of the virus, 
Rivers State government announced closure of all 
schools within the state and restricted activities 
related to religious groups, cinemas, night clubs, 
public parks, weddings and burials (1, 2). Further 
measures to curb the spread of the virus included 
indefinite closure of the sea, air and land borders 
on the 26th March 2020 (3) and on the 28th March 
2020, the state government announced indefinite 
closure of all markets (4). 

Some studies have been conducted on COVID-19 
for some states in Nigeria (5). Alasia and Maduka 
(6) investigated prevalence and pattern of COVID-
19 infection in Rivers State with emphasis on 
healthcare workers and concluded that preva-
lence of COVID-19 among healthcare workers 
was high. Robinson (7) also assessed COVID-19 
safety precautions in radio-diagnostic centres in 
capital city of Rivers State and concluded that per-
sonal protective equipment (PPE) were generally 
unavailable in many radio-diagnostic centres 
thereby posing significant increase in risks of 
COVID-19 infections. In findings of Uzosike et al. 
(8), they also highlighted experiences of health 
workers in Rivers State and factors that could im-
prove their performance in handling COVID-19 
patients.  A positive perspective of the effect of 
COVID-19 lockdown on farmers in Rivers State, 
Nigeria was also examined by Anagah (9) where 
he discussed how the sales of agricultural pro-
duce led to very high profits due to surge in de-
mands relative to COVID-19 lockdown. 

Investigation of clinical and epidemiological char-
acteristics of some hospitalized SARS-CoV-2 posi-
tive patients in Rivers State (10) indicates that pa-
tients of COVID-19 disease have leading symp-
toms of fever, fatigue, dry cough, dyspnea, diar- 

rhoea and vomiting with hypertension, diabetes 
and increasing age associated severe disease and 
death in the study population and therefore con-
cluded that such epidemiological and clinical ob-
servations of COVID-19 patients in Nigeria is sim-
ilar to the patterns in Africa and across the globe. 

On daily and weekly bases, results of laboratory 
confirmed COVID-19 cases were published by Ni-
geria Centre for Disease Control (NCDC) for Riv-
ers State and such painstaking efforts require la-
boratory tests with use of chemicals and other re-
sources. The aim of this study is to statistically de-
termine level of association between infected 
population, discharged cases and deaths from 
COVID-19 in Rivers State, Nigeria. Specific objec-
tive of this study is to estimate the number of peo-
ple that can survive the disease whenever in-
fected population is known. This can help gain in-
sight into pattern of spread, recovery and deaths 
from COVID-19 in the study area.  
 
MATERIAL AND METHODS   

Study Area 
The study areas Rivers State with estimated pop-
ulation of 7,303,924 as at the year 2016 and is lo-
cated in south-south geopolitical zone of Nigeria 
(11). It consists of twenty-three local government 
areas and has its borders with Atlantic Ocean, 
Akwa Ibom, Imo, Abia, Bayelsa, Delta and Anam-
bra states. Rivers State has average temperatures 
�”�ƒ�•�‰�‹�•�‰���„�‡�–�™�‡�‡�•���t�w�¹�����ƒ�•�†���t�z�¹���á���”�‡�Ž�ƒ�–�‹�˜�‡���Š�—�•�‹�†�æ
ity usually above 60% throughout the year and 
rainfall is seasonal occurring between the months 
of March and November with peak of wet season 
usually in July. The inland part of the state around 
the coastal areas consists of tropical rainforest 
with typical mangrove swamp environments and 
the capital city of Rivers State is Port Harcourt 
(12) which is regarded as the commercial hub of 
Nigerian oil industry. 

Rivers State was created by Nigerian government 
in the year 1967 and it comprises of minority eth-
nic groups, some of whom are Ikwerre, Ogoni, 
Ijaw and Okrika people (12). Presence of petro-
leum industry has increased revenue for Nigerian 
government and has attracted other ethnic 
groups and nationalities.  

Epidemic Data 
The data for this study was obtained from Nigeria 
Centre for Disease Control (NCDC). It consists  
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erage of 21 patients was discharged, deaths due  to COVID-19 have an average of 1 death per day.  
 

 

Figure 1. Daily laboratory confirmed COVID-19 cases in Rivers State (25th March 2020 - 17th Oct 2021). 
 

 

Figure 2. Daily discharged cases (formerly infected with COVID-19) in Rivers State (25th March 2020 - 
17th Oct 2021). 

 
In order to determine whether there are statisti-
cally significant differences between means of in-
fected population (lab confirmed), discharged 
cases and deaths due to COVID-19, results for 
One-Way Analysis of Variance are shown in Table 
1. Furthermore, from results displayed in Table 1, 
it can be seen that there is a statistically signifi-
cant difference between COVID-19 infected popu-
lation, discharged cases and deaths from COVID-

19 (F(2,1710)=121.958, p=0.000). However, re-
sults in Table 1 do not indicate specific groups 
which were significantly different from others. 
Since it has been affirmed from the results pre-
sented in Table 1 that at least two groups were 
different, it is pertinent to show which of the 
groups differ from others with aid of post hoc test. 
Thus, using Tukey post hoc test, results are shown 
in Table 2 which are multiple comparisons.  
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Figure 3. Deaths per day due to COVID-19 in Rivers State (25th March 2020 - 17th Oct 2021). 
 

 

Figure 4. Mean number of COVID-19 infected, discharged and deceased cases in Rivers State (25th 
March 2020 - 17th Oct 2021). 

 
Table 1. One-way ANOVA for COVID-19 infected, discharged and deceased cases in Rivers State (25th 

March 2020 - 17th Oct 2021). 
 

Model  Sum of 
squares df Mean 

square  F p-value 

Between Groups  171554.891 2 85777.445 121.958 0.000 

Within Groups  1202705.110 1710 703.336   
Total  1374260.001 1712    

 
It can be observed that there is no statistically sig- 
nificant difference between the group represent-
ing COVID-19 infected population (lab confirmed) 
and the group representing discharged cases 
(p=0.941) but there is statistically significant dif-
ference between COVID-19 infected population 

(lab confirmed) and group representing deaths 
due to COVID-19 (p=0.000). 

Also, there was statistically significant difference 
between the groups representing discharged 
cases and daily deaths due to COVID-19 in Rivers 
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Table 2. Tukey post hoc test of multiple comparison. 
 

(i) COVID-19 in-
fected population 
(lab confirmed)  

(j) COVID-19 in-
fected population 
(lab confirmed)  

Mean Dif-
ference(i -j)  

Std. Er-
ror  

p-value 
99% confidence Interval  

LBound  UBound 

COVID-19 infected 
population (lab 
confirmed)  

Discharged case 
(COVID-19 free) 0.522 1.570 0.941 -3.16 4.20 

 Deathdaily (due to 
COVID-19) 21.485 1.570 0.000 17.80 25.17 

Discharged case 
(COVID-19 free)  

COVID-19 infected 
population (lab con-
firmed)  

-0.522 1.570 0.941 -4.20 3.16 

 Deathdaily (due to 
COVID-19) 20.963 1.570 0.000 17.28 24.65 

Deathdaily (due to 
COVID-19)  

Discharged case 
(COVID-19 free) 

-21.485 1.570 0. 000 -25.17 -17.80 

 COVID-19 infected 
population (lab 
confirmed) 

-20.963 1.570 0.000 -24.65 -17.28 

 
Table 3. Strength of relationship between infected population and deaths due to COVID-19. 

 

 Infected population  
(lab confirmed)  

Deaths due to 
COVID-19 p-value 

Infected  population 
(lab confirmed)  

Pearson 
Correlation 1 0.360+ 0.000++ 

Deaths due to  
COVID-19 

 
0.360+ 1 0.000++ 

+   Value correlation coefficient r   
�ª�ª�����‹�‰�•�‹�ˆ�‹�…�ƒ�•�–���ƒ�–���=���±���r�ä�r�s���Ž�‡�˜�‡�Ž 

 
Table 4. Strength of association between infected population and discharged cases. 

 

 Infected population  
(lab confirmed)  

Dailydischarged 
cases 

p-value 

Infected population 
(lab confirmed)  

Pearson 
correlation 

1  0.566+ 0.000++ 

Dailydischarged 
cases 

 
0.566+ 1 0.000++ 

+   Value correlation coefficient r   
�ª�ª�����‹�‰�•�‹�ˆ�‹�…�ƒ�•�–���ƒ�–���=���±���r�ä�r�s���Ž�‡�˜�‡�Ž 

 
Table 5. Cubic polynomial approximation of daily discharged case  

from COVID-19 infected population. 
 

Model  B Std Error  Beta t p-value 
(constant)  4.673 1.519  3.077 0.002 

Daily infected case  1.148 0.119 1.265 0.9643 0.000 

Daily infected case (square)  -0.007 0.002 -1.343 -4.485 0.000 

Daily infected case (cube)  1.7265 × 10−5 0.000 0.672 3.316 0.010 
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State (p=0.000). This implies that deaths due to 
COVID-19 significantly differ from both COVID-19 
infected population and discharged cases in Riv-
ers State, Nigeria (p=0.000). It is worthwhile to 
determine degree of relationship between the 
categories of COVID-19 infected population, dis-
charged cases and deaths due to COVID-19. 

In order to determine the degree of relationship 
between the categories of COVID-19 infected pop-
ulation, discharged cases and deaths due to 
COVID-19, results for correlation analysis be-
tween COVID-19 infected population and deaths 
due to COVID-19 are shown in Table 3. Though re-
lationship exists between COVID-19 infected pop-
ulation and deaths due to C0VID-19, it is a weak 
positive relationship (r=0.360, n=571, p=0.000) 
at 99% confidence interval.   

From results in Table 4, the degree of relationship 
indicated a moderately strong relationship be-
tween the two groups. This implies that the rela-
tionship between COVID-19 infected population 
and daily discharged cases exhibited moderately 
positive relationship (r=0.566, n=571, p=0.000) 
at 99% confidence interval.  

From results obtained using One-Way ANOVA 
and Correlation Analysis, it may not be necessary 
to further analyse the association between deaths 
and other groups. However, more investigation 
could  still  be  explored  with  respect  to  relation 

ship between characteristics of COVID-19 in-
fected population and discharged cases; hence re-
sults from cubic polynomial functional relation-
ship are displayed (tab. 5). 

The essence of Table 5 is the formulation of math-
ematical equation which can be used to deter-
mine number of people F that may be discharged 
free from Covid-19 whenever population of 
COVID-19 infected people V are known in Rivers 
State Nigeria. For instance, if 800 people are 
COVID-19 infected, then set V=800 in the derived 
equation to obtain an approximate F≈5283 which 
implies that about 5283 people may be dis-
charged free from COVID-19. This means that 
knowing lab confirmed cases, the formulated 
mathematical equation can facilitate estimation 
of the number of people that can survive the dis-
ease. 

While the studies conducted by Alasia and Ma-
duka centred on healthcare workers without con-
sidering discharged cases, this study concurs with 
their conclusion and extends to a wider popula-
tion, suggesting a high spread of COVID-19 among 
the population. However, the succour provided by 
this study is the possibility of high recovery rate 
from COVID-19 in Rivers State.  The reasons, how-
ever, could be due to the non-adherence of the in-
fected population to measures aimed at curtailing 
the spread of the virus. 

 
CONCLUSIONS 

1. In this study, analysis of infections, recoveries and deaths from COVID-19 in Rivers State, Nigeria 
was carried out. The results from One-Way Analysis of Variance showed that there was a statisti-
cally significant difference between COVID-19 infected population (lab confirmed), discharged 
cases and deaths due to COVID-19 (F(2,1710)=121.958, p=0.000). Tukey post hoc test indicated 
that deaths from COVID-19 significantly differ from both infected population (lab confirmed) and 
discharged cases (p=0.000). However, there was no significant difference between the COVID-19 
infected population (lab confirmed) and discharged population (p=0.941).  

2. Results from Pearson Product Moment Correlation to determine the degree of relationship between 
deaths due to COVID-19 and the other two groups showed that there was a weak positive relation-
ship (r=0.360, n=571, p=0.000) at 99% confidence interval. However, moderate positive correla-
tion existed between COVID-19 infected population and discharged cases (r=0.566, n=571, 
p=0.000) at 99% confidence interval. Also, a cubic polynomial equation was derived in order to 
predict discharged cases whenever infected cases are known in Rivers State, Nigeria. 
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INTRODUCTION

Noise is defined as a disturbing and irritating mix-
ture of loud sounds which can cause temporary or 
permanent damage to humans and animals (1). 
The World Health Organization (WHO) has de-
clared noise pollution to be the third most dan-
gerous type of environmental pollutant after air 
and water pollution (2). 

All countries, especially developing countries, are 
affected by many pollutants in the environment 
as a result of urbanization and industrialization 
(3). Noise pollution has increased in intensity 
with the rise in the industry since the industrial 
revolution, and with the rise of human activities a 
rapid urbanization increased with a consequent 
significant deterioration of exposed population 
health status. This rapid increase in industrializa-
tion, urbanization, and transportation systems 
has led to currently high levels of noise pollution. 
Most epidemiological studies have found that 
road traffic and communities are specifically the 
main sources of the noise pollution (4-7). 

The recent literature focused on noise is im-
portant because it demonstrates that annoyance 
and disturbance due to noise are associated with 
a high incidence of diseases through harm to hu-
man health (8). Noise can cause auditory and non-
auditory health effects, both psychological and 
physiological, and evidence for non-auditory ef-
fects was increasing in more recent years (4). Ac-
cording to WHO (2012) report, noise pollution 
can cause health problems such as cardiovascular 
diseases, cognitive impairment, sleep disturb-
ance, tinnitus, and discomfort. Increased noise 
sensitivity can lead to psychiatric disorders such 
as anxiety and depression (9). Generally, human-
generated noise also has a deleterious impact on 
natural life and has become an ecological pollu-
tant as well (10). 

Bibliometrics is the statistical analysis of scien-
tific publications, about a specific topic or re-
search field and disclosing the most effective pub-
lications, countries, authors, collaborations be-
tween institutions, and active journals (11, 12). 
Furthermore, it presents the summarized data 
and enables researchers to evaluate the current 
trends of the data (13). In addition to statistics, 
bibliometric indicators can provide insight into 
research implications, knowledge networks, and 
information distribution, which saves readers 
and writers time in terms of literature review by  

providing a summary of the literature (14). 

The present study adopted a scientific analysis 
through the Web of Science (WoS) database to 
provide researchers and practitioners with an ad-
vanced review of noise pollutant-related studies. 
This method has the advantages of information 
retrieval as a whole to highlight the progression, 
hotspots, and boundaries of publications. 

In this study, bibliometric analysis was conducted 
using newly developed visualization tools (e.g. 
VOSviewer) to map the global research status and 
vanguard trends of Public and Environmental 
Health research from multiple perspectives.  
 

MATERIAL AND METHODS   

The methodology of this study was planned with 
reference to similar studies in the literature (11, 
13, 15). 

Data sources 
Bibliometric data were collected from the Web of 
Science (WoS) database platform. The literature 
review was performed using “noise pollution” as 
the keyword in the Title search section. The arti-
cles meeting the criteria were downloaded from 
the WoS database (access date: 19.08.2021) and 
analyzed using bibliometric methods. 

The date range was set as January 2001 to Decem-
ber 2020. The document type included the arti-
cles and reviews. Proceeding paper, book chapter, 
editorial materials, meeting abstract, letter, and 
other document types were excluded from the 
study. VOSviewer was used to visualize the stud-
ies and form a network map of references, key-
words, and citations. Bibliometric web visualiza-
tions were made using the VOSviewer (version 
1.6.11). VOSviewer is a widely used software tool 
presenting visualization maps with connections 
by combining items such as countries, authors, 
journals, or keywords. The lines between the 
items and the thickness of the lines indicate the 
strength of the connection between them and 
clustering between items is also shown.  

Countries that were the sources of at least 1% of 
the total number of articles in the date range in-
cluded in our study were accepted as the main ac-
tive countries (16). Analysis was performed by 
finding the total number of articles, the number of 
articles per million population, gross domestic 
product   per  capita  ($)  (accessed  from  
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https://www.cia.gov/the-worldfactbook/coun-
tries/'website), total citations, average citations, 
and h index values for each country. The Science 
Citation Index Expanded (SCIE) and Emerging 
Sources Citation Index data of the analyzed arti-
cles were recorded.  

Data analyses 
The data obtained in the study were analyzed us-
ing SPSS vn.15 software (Statistical Package for 
Social Sciences, version 15, SPSS Inc., Chicago, IL, 
USA). Values were given as frequency and per-
centage. Regression analysis was performed to 
determine the trend of the number of published 
articles by years. The statistical significance level 
was accepted as 0.05. 
 
RESULTS 

Using the WoS database, a total of 2722 papers 
were identified published between January 2001 
and December 2020. After the exclusion of non-

original articles and non-review papers, 1905 pa-
pers remained, then in the second stage, papers 
not in English language or not directly relating to 
noise pollution were excluded, leaving a total of 
1815 papers for our sample. The journal index 
distribution of the published articles was as fol-
lows: Science Citation Index Expanded (1415), 
Social Sciences Citation Index (119), Emerging 
Sources Citation Index (227), Book Citation In-
dex–Science (37), Book Citation Index-Social Sci-
ences and Humanities (11), and Arts and Human-
ities Citation Index (7). 

When regression analysis was applied to the 
number of articles by year, a statistically signifi-
cant increase was detected, from 16 in 2001 to 
302 in 2020, showing an 18.9-fold increase 
(p<0.001). In the research, it was seen that there 
was an increasing trend in the number of articles 
over the years. The distribution of the number of 
articles by year is shown in Figure 1. 

 
 

 
 

Figure 1. The distribution of papers by year and frequency, related to noise pollution . 
 

The five most cited articles on noise pollution 

were listed. The authors of these articles were re-

spectively, Stansfeld S.A. et al. (500 citations), 

Miedema H.M.E. et al. (458 citations), Francis 

Clinton D. et al. (329 citations), De Nazelle Audrey 

et al. (320 citations), and Rowe D. Bradley (308 

citations) (tab. 1). 

The co-authorship author’s network map is 
shown in Figures 2-5. 

The number of articles by country, number of ar-
ticles per million population of productive coun-
tries, gross domestic product per capita ($) values 
of countries, total citations, average citation val-
ues, and adjusted h index values for each country 
are shown in Table 2. 
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Table 1. Top-10 most commonly-cited articles related to noise pollution. 
 

Rank Article Title Authors Institution Journal Year C CPY JIFS 

1 
Noise pollution: non-
auditory effects on 
health 

Stansfeld 
S.A. et al. 

Uni of Lon-
don Queen 
Mary  

British Medical 
Bulletin 

 
2003 500 27.8 2.804 

2 

Annoyance from trans-
portation noise: Rela-
tionships with expo-
sure metrics DNL and 
DENL and their confi-
dence intervals 

Miedema 
H.M.E. et al. 

Netherlands 
Organization 
Applied Sci-
ence Re-
search 

Environmental 
Health Perspec-
tives 

 

2001 

 

458 22.9 8.049 

3 

Noise pollution 
changes avian commu-
nities and species in-
teractions 

Francis 
Clinton D. et 
al. 

Uni of Colo-
rado  

Current Biology 

 

2009 

 
329 27.4 9.193 

4 

Improving health 
through policies that 
promote active travel: 
A review of evidence to 
support integrated 
health impact assess-
ment 

De Nazelle 
Audrey et 
al. 

Uni Pompeu 
Fabra 

Environment In-
ternational 

 

2011 

 

320 32 7.943 

5 
Green roofs as a means 
of pollution abatement 

Rowe D. 
Bradley  

Uni Michigan 
State 

Environmental 
Pollution 

2011 

 
308 30.8 5.714 

6 

How and why environ-
mental noise impacts 
animals: an integrative, 
mechanistic review 

Kight Caitlin 
R. et al. 

Uni of Exeter Ecology Letters 

 

2011 

 

292 29.2 8.699 

7 

A synthesis of two dec-
ades of research docu-
menting the effects of 
noise on wildlife 

Shannon 
Graeme et 
al. 

Uni Colorado 
State 

Biological Reviews 

 

2016 

 

275 

 
55 10.288 

8 

Potential public health 
hazards, exposures and 
health effects from un-
conventional natural 
gas development 

Adgate John 
L. et al. 

Uni Colorado 
Denver 

Environmental 
Science & Tech-
nology 

 

2014 

 

272 38.8 7.149 

9 

Triboelectrification-
based organic film nan-
ogenerator for acoustic 
energy harvesting and 
self-powered active 
acoustic sensing 

Yang Jin et 
al. 

Georgia Insti-
tute of Tech-
nology 

Acs Nano 

 

2014 

 
256 36.6 13.903 

10 
Environmental impact 
of wind energy 

Saidur R. et 
al. 

Uni Malaya Renewable & Sus-
tainable Energy 
Reviews 

2011 

 

251 25.1 10.556 

JIFS: Journal impact factor score 2018; C: citations; CPY: citations per year 

A significant percentage of the articles were from 
the USA (15.317%) and China (14.490%). The 
countries with the most articles per million popu-
lation were determined to be Scotland (6.63), Sin- 

gapore (4.26), and Ireland (4.02), respectively. In 
terms of the average number of citations, the top 
three countries were the Netherlands (44.96), 
Switzerland (39.90), and England (31.09). 
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Figure 2. Co-authorship authors network visualiza-
tion map. 

Figure 3. Co-authorship country network visuali-
zation map. 

 

 

Figure 4. Author keywords co-occurrence network 
visualization map. 

Figure 5. Bibliographic coupling of journals network 
visualization map. 

 
For countries with a minimum of five papers, a 
country co-authorship visualization map was cre-
ated in the VOSviewer application. From a total of 
109 countries, 55 countries produced more than 
five publications. The visualization map of these 
countries with a minimum number of five papers 
can be seen in Figure 3.  

According to Table 3, the three most used key-
words used in the articles were noise pollution 
(25.179%), noise (9.531%), and traffic noise 
(3.746%). A visualization was created for the 
most common keywords determined in the study. 
The network visualization map for a total of 51 
keywords processed from the minimum 10 key-
words of all the articles is shown in Figure 4. 

Most articles on noise pollution were published in 
the journal Applied Acoustics (58 articles; 
3.196%). The 10 most active journals on this sub-
ject are shown in Table 4. 

The most cited journals were mapped, by creating 
a citation source network visualization map. The 
minimum number for this visualization was taken  

as five articles (fig. 5). 
 

DISCUSSIONS 
The bibliometric analysis surveys the contribu-
tions of authors, countries, journals, and institu-
tions in scientific studies, and can define the 
power of scientific impact by showing citations. 
Bibliometric software such as Gephi, Leximancer, 
VOSviewer, Scopus, and Web of Science has made 
it relatively easy to acquire large volumes of bib-
liometric data and enable the analysis of such 
data in a very pragmatic way, thereby raising 
scholarly interest in bibliometric analysis in re-
cent years (17). In the current study, after the ap-
plication of all inclusion and exclusion criteria, 
evaluations were made of 1815 articles published 
between 2001 and 2020 in the WoS database, and 
the findings and trends on noise pollution were 
presented. The study data included the number of 
publications by year, the number of citations, au-
thor, institution, journal, and country collabora-
tions, the display of frequently used keywords, 
and the trend by year. 
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Table 2. Distribution of the number of publications, gross domestic product per capita  
and citation values by country. 

 

Country n (%) n* n** TC AC H-index 

United States 278 (15.317) 0.83 62.530 7958 28.63 45 

China 263 (14.490) 0.19 16.117 3388 12.88 31 

India 140 (7.713) 0.10 6.700 1330 9.5 20 

England 137 (7.548) 2.42 46.659 4259 31.09 32 

Spain 115 (6.336) 2.44 40.903 2395 20.83 26 

Iran 110 (6.061) 1.28 12.389 714 6.49 15 

Italy 97 (5.344) 1.55 42.492 1537 15.85 22 

Germany 84 (4.628) 1.05 53.919 1976 23.52 25 

Canada 76 (4.187) 2.00 49.031 1847 24.3 19 

Australia 72 (3.967) 2.79 49.854 1031 14.32 19 

Brazil 68 (3.747) 0.32 14.652 1140 16.76 19 

Turkey 64 (3.526) 0.78 28.424 560 8.75 13 

Netherlands 53 (2.920) 3.06 56.935 2383 44.96 21 

France 52 (2.865) 0.76 46.184 1394 26.81 17 

Romania 42 (2.314) 1.98 29.941 137 3.26 7 

Scotland 36 (1.983) 6.62 46.659 698 19.39 16 

Belgium 35 (1.928) 2.97 51.934 735 21 14 

Pakistan 28 (1.543) 0.12 4.690 243 8.68 6 

Greece 26 (1.433) 2.45 29.799 585 22.5 10 

Poland 26 (1.433) 0.68 33.221 183 7.04 7 

Singapore 25 (1.377) 4.26 97,341 325 13 9 

South Korea 25 (1.377) 0.48 42.765 377 15.08 10 

Switzerland 25 (1.377) 2.96 68.628 988 39.52 13 

Japan 24 (1.322) 0.19 41.429 267 11.13 10 

Malaysia 24 (1.322) 0.72 28.364 599 24.96 8 

Portugal 24 (1.322) 2.34 34.894 373 15.54 10 

Ireland 21 (1.156) 4.02 86.781 526 25.05 8 

n* : number of articles per million population; n** : Gross domestic product per capita ($); TC: Total citations; AC: 
Average citations 
 

Table 3. Top 10 high-frequency keywords. 
 

Keywords Frequency % 

Noise pollution 457 25.179 

Noise  173 9.531 

Traffic noise 68 3.746 

Air pollution 57 3.140 

Anthropogenic noise 56 3.085 

Urbanization 38 2.094 

Road traffic noise 37 2.036 

Noise mapping 33 1.818 

Pollution 33 1.818 

Soundcape 31 1.708 

 



 
 

   49 
 

VOL. 4, ISSUE 4 
2023 

 

Table 4. The top 10 journals of research on noise pollution. 
 

Journals Frequency % 

Applied Acoustics 58 3.196 

Sustainability 31 1.708 

Environmental Monitoring and Assessment 30 1.653 

Journal of the Acoustical Society of America 28 1.543 

Science of the Total Environment 27 1.488 

Transportation Research Part D Transport and Environment 26 1.433 

Marine Pollution Bulletin 24 1.322 

International Journal of Environmental Research and Public Health 22 1.212 

Noise Health 20 1.102 

Sensors 20 1.102 

 

There was determined to have been an increase 
in published articles in the last few years. It can be 
assumed that this will lead to the future publica-
tion of more papers on the research topic of noise 
pollution as an environmental and public health 
issue. The most cited articles spearhead the re-
search topic. The authors of the top five most 
cited articles on noise pollution were Stansfeld 
SA, Miedema HME, Francis Clinton D, De Nazelle 
Audrey, and Rowe D. Bradley researchers should 
focus on these papers and the other most cited pa-
pers for further studies. 

Although there were 109 countries publishing on 
noise pollution, the publication of 5 or more arti-
cles originated from only 55 countries. 

The countries publishing the most articles were 
seen to be the USA, China, and India, in terms of 
articles per million population the leading coun-
tries were Scotland, Singapore, and Ireland, and in 
terms of the average number of citations, the top 
3 countries were the Netherlands, Switzerland, 
and England. With their higher populations, China 
and India were ranked in the top three countries 
producing more articles in total was expected. 
The other country with the highest number of ar-
ticles was the USA, which was not surprising as 
the USA is the leading country producing studies 
on many other topics (16, 18, 19). In addition to 
Scotland (GDP= $30,560), it was quite remarkable 
that Singapore (GDP=$97,341) and Ireland 
(GDP=$86,781) the two countries with the high-
est GDP per capita values, were the top 3 coun-
tries that published the most articles per million 
population.  

This showed that there is a strong relationship 
between the level of economic development and 

the number of articles per million population 
within the main active countries. These relatively 
small countries had given weight to the publica-
tion of scientific articles. The relationship be-
tween the high-income level and the number of 
published articles has also been shown in previ-
ous studies (11, 13). In addition to traffic and ur-
banization, costly studies such as the creation of 
noise maps may have been effective in bringing 
developed countries to the fore on noise pollu-
tion. The Netherlands, Switzerland, and England 
are more cited due to their leading aspect in sci-
entific studies as well as being developed coun-
tries and are considered to be the countries with 
the most impact per article. These countries are 
also European countries, and these European 
countries were able to demonstrate the im-
portance of publication quality with the high 
numbers of average citations. 

Traffic noise, road traffic noise, and urbanization 
were determined to be among the most used key-
words, showing the effect of urbanization and 
traffic noise. In addition, the keywords of pollu-
tion, air pollution, and environmental noise indi-
cate that noise is considered as an environmental 
problem.  Anthropogenic noise keywords show 
that the effect of noise on the ecological natural 
environment and animals is a unique research 
area. The noise map keyword was one of the most 
used keywords, which demonstrated that noise 
mapping is also an important research area for 
noise pollution. However, creating a noise map 
for an area can be costly, so in developing or un-
derdeveloped countries, in particular, R&D stud-
ies should be structured or accelerated to support 
global noise pollution scientific studies and the 
generation of noise maps. 
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Most articles on noise pollution were observed to 
be in Applied Acoustics, Sustainability, Environ-
mental Monitoring, and Assessment journals but 
noise pollution articles in these journals consti-
tute a relatively small proportion of all noise pol-
lution articles (16-21). Although the top 10 jour-
nals that have published the most articles are 
shown in this study, it would be appropriate to 
recommend that researchers also review other 
journals. 

This study presented a bibliometric analysis of 
noise pollution extracted from the Web of Science 
database. Although the study was as comprehen-
sive, systematic, and objective as possible, there 

were also some limitations. The most important 
of the limitations was the use of only the WoS da-
tabase. More comprehensive databases such as 
Pubmed, Google scholar, or Scopus could have 
been included. However, the WoS is conspicuous 
as the most widely used reliable database in bib-
liometric studies. Other limitations were that only 
articles in English were included, and searches at 
different times could increase the number of cita-
tions, especially for more recent articles. How-
ever, the study included articles that examined 
the effects of noise pollution not only on humans 
but also on animals. This subtle approach pro-
vided the opportunity to examine the effects of 
noise pollution more comprehensively. 

 

CONCLUSIONS 

1. The results of this study showed that there has been an increasing trend of articles on noise pollu-
tion in recent years.  
 

2. The United States contributed the most publications, also the countries with the most articles per 
million population were Scotland, Singapore, and Ireland, respectively. The three most used key-
words were “noise pollution”, “noise” and “traffic noise”.  
 

3. This study can be considered to help researchers as it provides summary for current research. It 
was seen that the USA dominates research on noise pollution, and economically developed coun-
tries produce more articles per million population. There is a need for support for global noise pol-
lution studies and for the generation of noise maps. 

 
CONFLICT OF INTERESTS 

The author declares no conflict of interest. 
 
 

ETHICAL APPROVAL 

The study conducted a bibliometric analysis of ex-
isting published article studies. This study did not 
require ethics committee approval. 

 

REFERENCES 
1. Gupta A, Jain K, Gupta S. Noise pollution and im-

pact on children health. The Indian Journal of Pe-
diatrics. 2018;85(4):300-306.  
doi:10.1007/s12098-017-2579-7 

2. World Health Organization (2005). United Na-
tions road safety collaboration: A handbook of 
partner profiles. Available from: http://apps. 
who.int/iris/bitstream/handle/10665/43159/ 
9241592796.pdf;jsessionid=4F481A558B2E 
32C9E5B2036A995C5E92?sequence=1  
[Accessed 5 Oct 2021]. 

3. Tao Y, Kou L, Chai Y, Kwan M-P. Associations of 
co-exposures to air pollution and noise with psy-
chological stress in space and time: a case study 
in Beijing, China. Environ Res. 2020;110399. 
doi:10.1016/j.envres.2020.110399 

4. Hunashal RB, Patil YB. Assessment of noise pollu-
tion indices in the city of Kolhapur, India. Proce-
dia-Social and Behavioral Sciences. 2012;37:448-
457. doi:10.1016/j.sbspro.2012.03.310 

5. Rey Gozalo G, Barrigón Morillas JM. Analysis of 
sampling methodologies for noise pollution as-
sessment and the impact on the population. Inter-
national journal of environmental research and 
public health. 2016;13(5):490.  
doi:10.3390/ijerph13050490 

6. De Kluizenaar Y, Gansevoort RT, Miedema HME, 
de Jong PE. Hypertension and road traffic noise 
exposure. J. Occup. Environ. Med. 2007;49:484-
492. Available from: https://www.jstor.org/sta-
ble/44997545 [Accessed 5 Oct 2021]. 

7. WHO. (2012) Environmental health, inequalities 
in Europe World Health Organization WHO Re-
gional Office for Europe, Denmark. Available 
from: https://www.euro.who.int/en/publica-
tions/abstracts/environmental-health-inequali-
ties-in-europe.-assessment-report [Accessed 5 
Oct 2021]. 

8. Murphy E, King EA, Rice HJ. Estimating human ex-
posure to transport noise in central Dublin. Ire 

 











 
 

 

    56  
 

VOL. 4, ISSUE 4 
2023 

 

2020  REQUIREMENTS FOR AUTHORS  

Rules of drafting  
The manuscript (written in English and French) 
should be in accordance with the guidelines published 
in: Uniform Requirements for Manuscripts Submitted to 
Biomedical Journal (1994) Lancet 1996, 348, V2; 1-4 
(www.icmje.org). The manuscripts should be written 
in font Cambria, size 11 points, spaced at 1.0, fully jus-
tified alignment, fields 2 cm on all sides. All pages must 
be numbered consecutively (in the right bottom cor-
ner) and continuously. Abbreviations should be ex-
plained at first occurrence in the text and should not 
be excessively used. The manuscripts must not exceed 
the number of words (without the title, affiliation, ab-
stract and references): review articles �� 4,500 words; 
research articles �� 3,000 words; expert opinions �� 
2,500 words; case presentation �� 1,700 words; experi-
mental and clinical notes �� 1,300 words; book reviews 
and presentations �� 2,000 words; teaching articles �� 
4,000 words. The volume of tables and figures should 
�•�‘�–���‡�š�…�‡�‡�†���ž���ˆ�”�‘�•���–�Š�‡���˜�‘�Ž�—�•�‡���‘�ˆ���–�Š�‡���•�ƒ�•�—�•�…�”�‹�’�–�ä�����Š�‡ 
journal reserves the right to make any other format-
ting changes. Rejected manuscripts are not returned. 

All manuscripts submitted for publication should 
be accompanied by two abstracts: in the language 
of origin of the article and English.  

Title and authors  
The title should be as short as possible (maximum �� 
120 signs with spaces), relevant for the manuscript 
content. The names of the authors should be written in 
full: name, surname (e.g.: Jon JONES). Affiliation should 
include: Department/Unit/Chair,  University/Hospital, 
City, Country of each author. Beneath the affiliation, 
the author`s details and contact information �� e-mail 
address (e.g.: corresponding author: Jon Jones, e-mail: 
jon.jones@gmail.com). 

The structure of the manuscript  
The manuscript should comprise the following sub-
headings (capitalized): 

�� SUMMARY 
�� INTRODUCTION (will  reflect the topical-
ity  and the general presentation of the prob-
lem studied, purpose and hypothesis of the study) 
�� MATERIAL AND METHODS 
�� RESULTS 
�� DISCUSSIONS  
�� CONCLUSIONS  
 
 

 
�� CONFLICT OF INTERESTS 
�� ACKNOWLEDGEMENT (optional)  
�� ETHICAL APPROVAL (specify the presence 
or absence of a positive opinion from the ethics 
committee: no, date, institution ad informed con-
sent) 
�� REFERENCES 

The summary  should contain 1,600 signs with spaces: 
�� Introduction  
�� Material and methods  
�� Results  
�� Conclusions 
�� Key words:  3-5 words  

The summary should not include tables, charts, and 
bibliographic notes; information not included in the 
article. 

Figures. The text included in figures should be written 
in font Cambria, 10 point. Each figure should be accom-
panied by a heading and legend. They should be num-
bered with Arabic numerals and placed in parentheses 
(e.g.: fig. 1). Both the title (e.g. Figure 1) and legend are 
centred, below the figure. 

Tables. The text included in tables should be written 
in font Cambria, 10 point. Each table should be accom-
panied by a heading. Tables should be inserted into the 
text and adjusted to the width of the page. The tables 
are numbered in Arabic numerals and mentioned in 
body text in parentheses (e.g. tab. 1). The title of the 
table is centred on the top of the table (e.g. Table 1). 

References are numbered in the order they appear in 
the paper. The reference sources are cited at the end of 
the article by using AMA style and will include only the 
references cited within the text (the reference is num-
bered within round parentheses). The in-text citations 
that appear more than once are numbered si-milarly 
as in the first citation. The number of references should 
not exceed 50 sources. The scientific authors are re-
sponsible for the accuracy of their writings. The refer-
ence list should include only those references that 
have been consulted by the authors of the manuscript. 
The elements of the reference sources are written ex-
actly in accordance with the requirements. 
 
For more information see: http://journal.ohrm. 
bba.md/index.php/journal -ohrm-bba-md/e diting_ 
guidelines  
 

 
 
 
 
 
 

 



http://journal.ohrm.bba.md/index.php/journal-ohrm-bba-md/editing_guidelines
http://journal.ohrm.bba.md/index.php/journal-ohrm-bba-md/editing_guidelines
http://journal.ohrm.bba.md/index.php/journal-ohrm-bba-md/editing_guidelines

