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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract. Fifty blood samples were collected from patients 
who were confirmed to have COVID-19 by conducting a 
diagnostic test using real-time RT-PCR for the direct qualitative 
detection of the Coronavirus when the patients attended the 
private clinics at Al Rabeea Private Hospital in Mosul for the 
period from the beginning of March to the end of May 2021. 
The patients’ ages range from17-59 years, with 23 males (46%), 
and 27 females (54%). The blood samples were taken before 
giving any type of treatment for blood culture, biochemical, and 
immunological tests. Bacteremia is investigated to determine 
the types of bacteria that cause bacteremia, biochemical 
tests such as D-dimer, S. Ferritin, CRP, Protein S, Protein C, 
FBS, LDH, Blood Urea, Serum Creatinine, SGOT & SGPT, 
and immunological tests such as blood group, IgG & IgM, 
IL-1B, IL-6, TNF-α alpha, ASOT, ESR, C3, and C4. In this 
study, the relationship between bacteremia and the types of 
biomarkers used is determined in addition to the relationship 
of bacteremia to the patient's age, sex, SPO2, and body 
temperature. More accurate comparison is also accomplished in 
cases of bacteremia by adopting the types of bacteria isolated if 
they were gram-positive or gram-negative. The results of this 
study show an increase in the severity of COVID-19 disease 
caused by a secondary bacterial infection. This is determined 
by measuring several biomarkers used in this study and also 
by performing bacteriological tests to document bacteremia 
by blood culture. Also, these results can be adopted in future 
studies concentrating on the molecular level to determine the 
genetic changes associated with viral infection with or without 
secondary bacterial infection to develop an effective treatment 
protocol.

Key words. COVID-19, Blood culture, Bacteremia, 
Biomarkers.
Introduction. 

The first appearance of infection with Coronavirus in Wuhan 
City in China was in December 2019, which was initially named 
by Chinese scientists as SARS-COV-2, and after the disease 
spread all over the world, the name COVID- 19 was given by 
the World Health Organization (WHO) in February 2020 [1,2]. 
According to the statistics of WHO about confirmed COVID-19 
cases and confirmed deaths due to worldwide infection, it is 
documented that there were more than 160 million confirmed 
cases of infection and more than 3 million confirmed deaths. 
The most serious symptoms are difficulty in breathing, shortness 
of breath, difficulty in speaking and movement, and chest pain 
[3-5]. It should be noticed that data and reports indicate not 
only the infection with COVID-19 is the reason for the disease 

to develop into severe infections, but also secondary bacterial 
infection [6,7]. One of the difficulties that physicians face is 
the ability to distinguish between symptoms of COVID-19 
and bacteremia or sepsis, due to the similarity of symptoms 
such as fever, cough, and muscle pain[8-10]. One of the most 
important complications of bacteremia is a multi-organ failure, 
which can lead to patient’s death, and as indicated by one of the 
studies, the patients’ death by COVID-19 is due to infection 
with Staphylococcus aureus bacteria for 14-30 days after the 
first positive blood culture [11]. The complications of secondary 
infections associated with COVID-19 and the variation in disease 
sign that the doctors are in the biggest challenge in managing 
the development of the clinical case and choosing the treatment 
protocols because bacterial infections are an essential element in 
enhancing the severity of the disease and the high mortality rate; 
and on the other hand, the challenge is the heterogeneity among 
the patients in many respects, such as different age groups, 
gender, and blood group and the incidence of chronic diseases 
in the elderly [12,13]. Despite, the use of some biomarkers for 
measuring the levels in normal and pathological conditions 
becomes beneficial, and the levels of these biomarkers in cases 
of COVID-19 and secondary bacterial infections may be useful 
in determining the severity of the disease, treatments used, and 
evaluation response to treatments [14].   

This study aims to determine the relationship between some 
biomarkers and the severity of COVID-19 disease. The different 
levels of biomarkers were also measured and evaluated in the 
case of bacteremia, also it was measured in different types of 
bacteria, whether they were Gram-positive or Gram-negative. 
The biomarkers identified and selected in this study are the 
biochemical tests such as D-dimer, S. Ferritin, CRP, Protein S, 
Protein C, FBS, LDH, Blood Urea, Serum Creatinine,  SGOT  & 
SGPT, and immunological tests such as Blood group, IgG & IgM, 
IL-1B, IL-6, TNF-α alpha, ASOT, ESR, C3, and C4. In addition 
to measuring the rates of biomarkers according to the patient's 
different risk factors such as gender, age, and blood groups.
Materials and Methods. 

In this study, 50 blood samples were collected from patients who 
were confirmed to have COVID-19 by conducting a diagnostic 
test using real-time RT-PCR (RIDA®GENE SARSCoV-2 ) 
technology for the direct qualitative detection of the Coronavirus 
when they attended private clinics at Al Rabeeh Private Hospital 
in Mosul after symptoms appearance during the period from the 
beginning of March to the end of May in 2021 for 50 patients, 
their ages range between 17-59 years, and the number of men 
was 23 (46%) and the number of women was 27 (54%). Venous 
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blood samples were taken before giving any type of treatment 
used in the treatment protocols. And blood samples were taken 
from each patient, sufficient for bacteremia, biochemical, and 
immunological tests, according to the internationally approved 
methods. The three types of tests (biochemical, immunological, 
and bacteriological) are considered Biomarkers. Bacteremia 
was investigated following the method of Buckland, Kessock-
Philip, and Bascomb (1983) [15], biochemical tests D-dimer 
(Guangzhou KOFA Biotechnology Co., Ltd), S. Ferritin, CRP, 
(BIOGENIX INC. PVT. LTD), Protein S (LSBio- LS-F12426), 
Protein C (Chromogenix Coamatic® Protein C), FBS, LDH, 
Blood Urea, Creatinine (Anamol Laboratories Pvt. Ltd), SGOT 
(MAX WIN HEALTH CARE PVT. LTD.) & SGPT (Anamol 
Laboratories Pvt. Ltd)], and immunological tests [Blood group 
(Max win health care Pvt ltd), IgG & IgM  (Cygnus technologies), 
IL-1β, IL-16 & TNF-α (Beijing Solarbio Science & Technology 
Co., Ltd), ASOT (MAX WIN HEALTH CARE PVT. LTD.), 
C3 (LSBio- LSF4278) & C4 (LSBio- LS-F22483)]. 

In this study, the relationship between bacteremia cases and 
reading the ranges of biochemical and immunological tests is 
determined in addition to the relationship of bacteremia to the 
patient's age, sex, and blood groups of the patients. A more 
accurate comparison is also made in cases of bacteremia by 
adopting the types of bacteria isolated in this study whether 
they were gram-positive or gram-negative bacteria by reading 
the ranges of biomarkers.
Statistical analysis. 

Two proportional Z-tests are used to compare the significance 
of the difference between bacteremia and different biomarkers. 
The ꭕ2 test is used to assess the association of blood groups with 
different biomarkers. The level of statistical significance was set 
at level 5% with an alpha error of <0.05.
Results.

The studied biomarkers were divided into three categories of 
risk factors such as age, gender, and blood type, biochemical 
tests represent the second section of biomarkers, and the last 
section is immunological tests. The effect of COVID-19 
infection on the studied biomarkers, as well as the effect of 
secondary bacterial infections on biomarkers in COVID-19 
patients, was determined.

Regard the difference in sex and the difference in age groups 
did not show any significant difference, neither in the case of 
infection with Covid 19 nor the case of bacterial concomitant 
infection, while the number and percentage of people with blood 
group A are 24 (48%) in COVID 19  patients with a statistically 
significant difference at (P<0.0001), more than blood group B 
and O being 12 (24%) for each type, and blood group AB are 2 
(4%) as shown in Table (1).

Complications of COVID-19 infection, especially secondary 
bacterial infections, are of important concern and they resemble 
evidence of bacterial contamination in the blood (bacteremia) of 
an infected person with COVID-19. This is a strong indicator of 
secondary infection. 

The results show that 32 (64%) of the cases infected with 
COVID-19 developed secondary infections, which were mostly 
bacterial, and gave a significant difference at (P<0.04) as shown 
in Table (2).

In this study, the percentage of bacteremia in COVID-19 
patients has been determined according to different age groups, 
sex, and blood groups, as well as its percentage with normal and 
abnormal ranges for the Biomarkers, studied in this research, 
calculated out of the total number of samples. Infections with 
bacteremia show a significant difference between normal and 
abnormal ranges in the Biochemical Biomarkers ( SGOT ) and 
immunological Biomarkers (IgM and  IL-6) as shown in Tables 
(4&5). 

In addition, the incidence of Gram-positive bacteria of 26 
(52%) and Gram-negative bacteria of 6 (12%) are calculated 
from the total number of samples. The incidence of bacteremia 
with gram-positive bacteria is 26 (81.25%) and the incidence 
of gram-negative bacteria is 6 (18.75%) out of the number of 
bacteremia cases. There is a significant difference between 
normal and abnormal ranges in the Biochemical Biomarkers 
(S. Ferritin, CRP, FBS, SGOT and, SGPT)  and immunological 
Biomarkers  (IgM, SPO2, body temperature, ESR, IL-6 and, 
ASOT,) as shown in Tables (4&5).
Discussion.

Viral infections are often associated with secondary bacterial 
infections [16], and this is what some studies have indicated 
that infection with viruses that infect the respiratory tract, 
including COVID-19, may lead to interference in clinical, 
biochemical, and immunological features, and expose patients 
to the risk of secondary infection. Thus, it is considered one of 
the complications of COVID-19, and this is what complicates 
clinical findings, diagnosis, and treatment [7]. However, there 
is little data regarding bacteremia rates, due to the treatments 
used to treat COVID-19 patients including antibacterial [9]. For 
this reason, the blood samples were taken in this study from 
patients before starting treatment. According to the findings 
of this study, 64 % of COVID-19 patients were infected with 
secondary bacterial infections, with a significant difference at 
(p<0.04) as shown in Table (2), and the percentage of infection 
with gram-positive bacteria (84.38%) including coagulase-
negative bacteria with (18.75%) and Staphylococcus aureus 
with (65.63%), while the percentage of infections with gram-
negative bacteria constituted (15.62%). These results are close 
to the results of some studies that confirmed that infection with 
Gram-positive bacteria including Staphylococcus aureus, is 
more common among cases of COVID-19, followed by the 
other types including Pseudomonas aeruginosa. Staphylococcus 
aureus is one of the causes of secondary pneumonia, and the 

Blood group Number % P value 
A 24 48.0 0.0001 

B and O 12 24.0  
AB 2 4.0  

Table 1. Relationship between blood group types and the percentage 
of COVID-19 patients.

Bacteremia Number Percentage P value 
Absent 18 36.0 0.04 
Present 32 64.0  

Table 2. The rate of bacteremia (Secondary infection) between 
COVID-19 patients.
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Risk factors Range Bacteremia+
No (%)

Bacteremia_  
No (%) P value

Bacteremia 
No (%) P value
gr+ gr- 

1 Age
17-30 Y. 10(20%) 5(10%) 0.9 9(28.12%) 1(3.125%) 0.4
30-45 Y. 7(14%) 8(16%) 0.2 5(15.63%) 2(6.25%) 0.5
> 50 Y. 15(30%) 5(10%) 0.3 12(37.5%) 3(9.375%) 0.9

Total 32(64%) 18(36%) 26(81.25%) 6(18.75%)

2 Sex Male 12(24%) 10(20%) 0.2 10(31.25%) 2(6.25%) 0.8female 20(40%) 8(16%) 16(50%) 4(12.5%)
Total 32(64%) 18(36%) 26(81.25%) 6(18.75%)

3 Blood group

A 15(30%) 7(14%) 0.6 11(34.38%) 4(12.5%) 0.3
B 9(18%) 4(8%) 0.4 8(25%) 1(3.125%) 0.5
AB 3(6%) 1(2%) 0.6 2(6.26%) 1(3.125%) 0.5
O 5(10%) 6(12%) 0.1 5(15.62%) 0.0(0.0%) 0.2

Total 32(64%) 18(36%) 26(81.25%) 6(18.75%)

Table 3. The Relationship between  Bacteremia in COVID-19 patients and risk factors.

Biochemical
Biomarkers Range Bacteremia+

No (%)
Bacteremia _

No (%) P value Bacteremia No (%) P valuegr+ gr- 

1 D-dimer N.R.* up to 500 ng/ml. 8(16%) 5(10%) 0.8 5(15.625%) 3(9.375%) 0.1> N.R.* 24(48%) 13(26%) 21(65.625%) 3(9.375%)
Total 32(64%) 18(36%) 26(81.25%) 6(18.75%)

2 S. Ferritin

N.R.*
In male: 15-300 ng/ml
In female: 15-200 ng/ml

11(22%) 6(12%) 0.9 7(21.875%) 4(12.5%) 0.06

> N.R.* 21(52%) 12(24%) 19(59.375%) 2(6.25%)
Total 32(64%) 18(36%) 26(81.25%) 6(18.75%)

3 CRP N.R.* 9-800 pg/ml. 9(18%) 7(14%) 0.4 5(15.625%) 4(12.5%) 0.02> N.R.* 23(46%) 11(22%) 21(65.625%) 2(6.25%) 
Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

4 Protein S N.R.* 70-140% 21(42%) 16(32%) 0.8 16(50%) 5(15.625%) 0.3 < N.R.* 11(22%) 2(4%) 10(31.25%) 1(3.125%) 
Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

5 Protein C N.R.* 60 -150 % 25(50% 16(32%) 0.3 20(62.5%) 5(15.625%) 0.7 < N.R.* 7(14%) 2(4%) 6(18.75%) 1(3.125%) 
Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

6 FBS N.R.* 60 - 120  mg/dl. 8(16%) 7(14%) 0.4 4(12.5%) 4(12.5%) 0.009 > N.R.* 24(48%) 11(22%) 22(68.75%) 2(6.25%) 
Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

7 LDH N.R.* 140 – 280 U/L 10(20%) 4(8%) 0.5 7(21.875%) 3(9.375%) 0.3 > N.R.* 22(44%) 14(28%) 19(59.375%) 3(9.375%) 
Total  32(64%) 18(36%)  26(81.25% ) 6(18.75%)  

8 Blood Urea N.R.* 140 – 280 U/L 3(6%) 2(4%) 0.5 2(6.25%) 1(3.125%) 0.5 > N.R.* 29(58% 16(32%) 24(75%) 5(15.625%) 
Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

9 
Serum 
Creatinine 

N.R.*
In male
 : 0.74 to 1.35 mg/dL
In Female
 : 0.59 to 1.04 mg/dL

16(32%) 9(18%) 0.8 13(40.625%) 3(9.375%) 1 

> N.R.* 16(32%) 9(18%) 13(40.625%) 3(9.375%) 
Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

10 SGOT N.R.* 8 – 45 U/L 32(64%) 18(36%) 0.0001 26(81.25%) 6(18.75%) 0.0000 1 > N.R.* 0.0 0.0 0.0(0.0%) 0.0(0.0%) 
Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

11 SGPT N.R.* 7 – 56  U/L 32(64%) 17(34%) 0.2 26(81.25%) 6(18.75%) 0.0000 1 >N.R.* 0.0(0.0%) 1(2%) 0.0(0.0%) 0.0(0.0%) 
Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

Table 4. The Relationship between  Bacteremia in COVID-19 patients and Biochemical tests.

*N.R.=Normal range
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Immunological
Biomarkers Range Bacteremia+

No (%)
Bacteremia_ 
No (%) P value

Bacteremia 
No (%) P value
gr+ gr- 

1
IgM

< 1.0 IU/L 0.0 0.0 
0.0002 

0.0(0.0%) 0.0(0.0%) 
0.0000 1 

> 1.0 IU/L 32(64%) 18(36%) 26(81.25%) 6(18.75%) 
Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

2
IgG

< 1.0 IU/L 8(16%) 6(12%) 
0.5 

7(21.875%) 1(3.125%) 
0.6 

> 1.0 IU/L 24(48%) 12(24%) 19(59.375%) 5(15.625% 
Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

3
SPO2

90 – 100 % 14(28%) 5(10%) 
0.3 

9(28.125%) 5(15.625%) 
0.03 

< 90 % 18(36%) 13(26%) 17(53.125%) 1(3.125%) 
Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

4
Body temp.

37-37.5 °C 6(12%) 4(8%) 
0.3 

3(9.375%) 3(9.375%) 
0.03 

> 37.5 °C 26(52%) 14(28%) 23(71.875%) 3(9.375%) 
Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

5
ESR

N.R.* 
In male: 1-15 
mm/h. 
In female: 1-20 
mm/h. 

6(12%) 3(6%) 
0.8 

3(9.375%) 3(9.375%) 
0.03 

> N.R.* 26(52%) 15(30%) 23(71.875%) 3(9.375% 
Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

6
IL-1β

N.R.* 3-120 pg/
ml. 28(56%) 16(32%) 

0.9 
22(68.75%) 6(18.75%) 

0.3 
> N.R.* 4(8%) 2(4%) 4(12.5%) 0.0(0.0%) 

Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

7
IL-6

N.R.* 2-80 ng/L 32(64%) 18(36%) 
0.0001 

26(81.25%) 6(18.75%) 
0.0000 1 

> N.R.* 0.0 0.0 0.0(0.0%) 0.0(0.0%) 
Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

8
TNF-α

N.R.* 20-400 
ng/L 30(60%) 18(36%) 

0.2 
25(78.125%) 5(15.625%) 

0.2 
> N.R.* 2(4%) 0.0 1(3.125%) 1(3.125%) 

Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

9
ASOT

N.R.* 80-200 
IU/L 9(18%) 7(14%) 

0.4 
5(15.625%) 4(12.5%) 

0.02 
> N.R.* 23(46%) 11(22%) 21(65.625%) 2(6.25%) 

Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

10
C3

N.R.* 90-207 
mg/dl. 22(44%) 14(28%) 

0.5 
9(28.125%) 1(3.125%) 

0.4 
< N.R.* 10(20%) 4(8%) 17(53.125%) 5(15.625% 

Total  32(64%) 18(36%)  26(81.25%) 6(18.75%)  

11
C4

N.R.* 17.4 -52.2 
mg/dl. 26(52%) 16(32%) 

0.5 
5(15.625% 1(3.125%) 

0.9 
< N.R.* 6(12%) 2(4%) 21(65.625%) 5(15.625%) 

Total  32(64%) 18(32%)  26(81.25%) 6(18.75%)  

Table 5. The Relationship between Bacteremia in COVID-19 patients and Immunological tests.

*N.R.=Normal range
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spread of these bacteria and others in the lungs is attributed to a 
group of changes in immune responses including the production 
of cytokines that create suitable and attractive conditions 
for Staphylococcal and other bacteria by changes such as 
tissue damage and raise body temperature, for example, the 
changes in body temperature and a set of signals transfer the 
bacteria “Staphylococcus aureus” from the nasal environment 
into the lung, and this requires attention to modify treatment 
protocols [17], also, for Pseudomonas aeruginosa, it is an 
opportunistic bacteria that exploits the changes resulting from 
infection with COVID-19 and is responsible for infections 
in the upper respiratory tract [18]. In addition, recent studies 
have demonstrated that type I and III IFNs that are produced 
after bacterial infection may promote the persistence of SARS-
CoV-2 infection due to the ACE-2 receptor used by the virus 
being a gene stimulated by interferon [19].

Studies have demonstrated that bacterial infections associated 
with COVID-19 infection are a fatal complication associated 
with worse health outcomes because of their impact on all 
body functions and delaying treatment may lead to septic 
shock [20]. One study confirmed that the death rate rose among 
patients with coronavirus and those with a secondary bacterial 
infection to 12.6% compared to 8.7% with influenza without 
an accompanying bacterial infection. The secondary bacterial 
infections associated with influenza were documented with 
increased mortality in the influenza pandemic of 1918, H2N2: 
1957, H3N2:1968-1969, and H1N1: 2009-2010, in fact, due to 
pulmonary embolism and impaired breathing resulting from 
secondary bacterial infections, which may also lead to inhibition 
of activation of the host's immune defenses [17,21].

On the other hand, the results of this study showed that the 
most affected biomarkers among COVID19 patients with 
concomitant secondary bacterial infection compared to 
COVID-19 patients without secondary bacterial infection as 
shown in Tables (4 and 5). It has been proven that the following 
biomarkers were affected in the case of bacteremia (IgM, IgG, 
SPO2, Blood groups "A, B, and AB", body temperature, ESR, 
D-dimer, S-ferritin, IL-1β, TNF-α, CRP, ASOT, C3, C4, protein 
s, protein c, FBS, HDH, Blood urea, and serum creatinine), 
While the following markers were not affected or deviated from 
their normal levels in the case of bacteremia (IL-6, SGOT, and 
SGPT ). However, it was found from the results that both types 
of infection with COVID-19 with or without bacteremia, didn’t 
show a significant difference between them. 

Both types of COVID 19  infection with or without bacteremia 
led to an effect on the deviation of biomarkers from their normal 
ranges, although in the case of COVID-19 infection associated 
with the secondary bacterial infection, the rates of deviation are 
greater and statistically significant at (<p 0.0 5 - 0.00001). Some 
biomarkers as shown in Tables (4&5) can be relied upon in 
diagnosing the severity of the disease and its development into 
more serious pathological complications, and also these results 
can be adopted in determining the direction of future studies on 
the molecular level to determine the genetic changes associated 
with viral infections and secondary bacterial infections to 
differentiate between viral infection and bacterial infection or 

combined infections to develop effective treatment protocols. 
It is worth noting that the results of this research show that 

blood type O protects people from COVID-19 infection, while 
blood type A makes individuals more susceptible to infection. 
These results are in line with those of much other research. As 
with blood type O, it can be stimulated by natural antibodies 
against antigens that act as part of the innate immune response 
to neutralize virus particles. Alternatively, blood group A 
antigens can act as additional receptors for viruses, and those 
who can express these antigens on epithelial cells (exudates) are 
more likely to develop COVID-19 [22,23]. Although the results 
of our study are consistent with many studies, the generalization 
of these results and their dependence on blood type as part of 
the predictive model and a mechanism for sorting viral diseases 
and severity of disease or mortality but is not reliable because 
it needs to conduct large-scale surveys to make a database with 
Taking into account population differences in blood types and 
testing protocols.

One of the important results that were reached in this study 
is that infection with Covid-19 is a strong qualifying factor 
that makes the patient more predisposed to infection with 
bacteremia. The results of this study showed that the severity 
of Covid-19 disease is caused by secondary bacterial infection, 
which was determined by measuring many indicators Vital and 
also by performing bacteriological tests by culturing a blood 
sample to determine bacteremia.
Conclusion.

In conclusion, it is complicated to reveal the three-dimensional 
biological relationship between viral infection, secondary 
bacterial infection, and changes in host functions such as 
“biomarker rates, clinical, immunological and physiological 
pathway” in viral infection with or without bacterial infection. 
This study is the first in the city of Mosul that attempts to find the 
shortest way to diagnose and adopt the best treatment protocols 
based on the results of this study.
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