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ABSTRACT
Background: The development of bacteria resistant to the antimicrobial (AM)
in hospitals and other health care settings is a main concern of public health.
Great AM consumption chiefly in hospitals frequently defined as the most vital
factor leading to bacterial resistance. The aim of this study is to investigate the
most common bacteria that encountered in medical institutions and bacterial
resistance to AM before and after COVID-19.
Patient and method: The current study was conducted in eleven medical
institutions in Baghdad through a period of six months from January to June
2020. Seven AM disc types were used which are amoxicillin-clavulanate,
azithromycin, ceftriaxone, gentamicin, levofloxacin, meropenem and
vancomycin. In this study, 1324 samples were isolated and examined for
detection of bacterial resistance to AM before and after pandemic of COVID-
19. Culture samples were tested directly by Vitek 2 that give dependable proof
of identity and susceptibility outcomes after 18-24 h.
Results: Cultures revealed that the main isolated bacteria were Escherichia
coli (E. coli), Klebsiella pneumonia (Kl. pneumonia) and Pseudomonas
aeruginosa (Ps. aeruginosa ) at a percentage of 54%, 23% and 23%,
respectively. Meropenem was the main sensitive AM before COVID-19
whereas gentamicin was the main resistant AM. After pandemic of COVID-19,
the resistance to all AM was increased.
Conclusion: The main isolated bacteria were E. coli and the more effective AM
was meropenem. After spreading of COVID-19, the bacterial resistance to all
tested AM was increased due to more frequent use of these medications in the
treatment of secondary bacterial infections.
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INTRODUCTION
COVID-19 is the most dangerous virus that causes injury
to the lung and various organs of the body. Such virus
may cause life-threatening secondary bacterial infections.
Unfortunately, the mixed infections may increase the
bacterial resistance. Careful consideration in hospitals
and in the community must be done due to a serious
worldwide problem which is bacterial resistance to AM
that increasing significantly and has consequences for
morbidity, mortality (1).
Abuse is the main cause of emergence of resistance to AM
agents (2). In the community there is great indication of
substandard use of AM. This involves the use for incorrect
conditions, use of insufficient treatment periods and sub-
curative doses. All of these are probable reasons to the
development and broadening of bacterial resistance (3).
Bacterial infections that had been willingly cured by AM
are lasting longer due to resistance emergence and this
will lead to intense morbidity and mortality (4).
Furthermore, bacterial resistance leads to extra cost of
healthcare that resulted from the medication itself,
healthcare career, longer hospitalization, etc. Besides, it
leads to more loss of currently available effective AM (5).
Reduction of resistant bacteria in hospitals can be done
by lessen drugs rate use for which there is a resistance,
lessen transmission between patients and from hospital
staff to patients by successful infection control, rising
patients turnover rate, lessen patients entrance that have
resistant bacteria into hospitals, and adding new AM for
which there is no resistance (6).
Reduction of resistant bacteria in hospitals and total
reduction of these infections rate can be achieved if above
measures made correctly. Furthermore, and most
essentially, the effects of resistance execution should be
apparent over a comparatively tiny period of time. Hence,
great benefit can be gained for both health field and the
patients (7).

One of important methods that used to detect bacterial
resistance is the culture and sensitivity test (CST) which
may be regarded as cornerstone in this aspect. The CST is
an analytical lab technique used to recognize the type of
bacteria and to conclude which AM can efficaciously
combat an infection(8). However, the nonexistence of
bacteria does not necessarily denote there is no infection,
as it could be a virus that will not propagate in a definite
culture medium (9).
The main specimens used in CST are blood and urine
samples. The culture of blood samples is done with
straightforward blood draw made after the skin is applied
with an alcohol pad, then mark messily with a suitable
antibacterial solution (10). However, a false-positive
results may be obtained if blood is contaminated (11). A
culture of urine is a way to cultivate and detect bacteria
that may be in the urine. The sensitivity test aids medical
staff to choice the desirable AM to treat an infection(12).
The current study aim at investigation of the most
common bacteria that encountered in Iraqi medical
institutions and the most resistant AM before and after
COVID-19.

MATERIALS AND METHODS
Study Population
This study was done in eleven medical institutions in
Baghdad. The data was collected with assistance of
pharmacists and laboratory staffs. Seven AM disc types
were used which are amoxicillin-clavulanate,
azithromycin, ceftriaxone, gentamicin, levofloxacin,
meropenem and vancomycin. Different samples were
taken e.g., blood, urine, sputum, ear swap and
cerebrospinal fluid. The study continues for six months
from 1/January to 1/June/2020 with a total number of
samples of 1324 (both males and females). Of these, 745
samples were before and 579 were after COVID-19
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spreading. Approval was obtained from the institutional
ethical committee prior of the study.

RESULT
The current study was conducted in eleven of Baghdad
health institutions. A total of 1324 different samples were
studied. Results revealed that three main types of
bacteria were isolated, that is, E. coli, Kl. pneumoniae and
Ps. aeruginosa at a percentage of 54%, 23% and 23%,
respectively (figure 1).
Table (1) shows that the E. coli resistance to amoxicillin-
clavulanate, azithromycin, ceftriaxone, gentamicin,
levofloxacin, meropenem and vancomycin before
spreading of COVID-19 was 63, 25, 63, 66, 39, 11 and
39%, respectively whereas the Kl. pneumonia resistance
to the above AM was 66, 45, 71, 27.5, 28.5, 9.75 and
28.5%, respectively in contrast to 100, 100, 75, 66, 47.3,
35.8 and 100%, respectively as a bacterial resistance of Ps.
aeruginosa against the above mentioned AM. These facts
are better clarified in figure (2).

On the other hand, most of bacterial resistance against
the tested AM was increased after COVID-19 as showed in
table (1). It was found that the E. coli resistance to
amoxicillin-clavulanate, azithromycin, ceftriaxone,
gentamicin, levofloxacin, meropenem and vancomycin
was 85, 28, 77, 75, 44, 22 and 39%, respectively while
that of Kl. pneumonia against the above AM was 100, 45,
82, 54, 29, 14 and 50%, respectively in contrast to a Ps.
aeruginosa resistance of 100, 100, 100, 100, 48.9, 50 and
100%, respectively (figure 3).
Figure (4) is better clarifying the increment of bacterial
resistance after COVID-19. It is obvious from figure (4)
that bacterial resistance to all AM was increased. It is
worth mentioning that the resistance of Ps. aeruginosa to
amoxicillin-clavulanate, azithromycin and vancomycin
was not changed not due to the efficiency of these three
AM, instead, these AM show full resistance (100%) before
and after COVID-19.

Figure 1: Type and percentage of the isolated bacteria.

Table (1): The Bacterial Resistance Against The Tested AM Before and After COVID-19.
Before COVID-19 After COVID-19

Bacteria
Type

AM

E.
coli

Kl.
pneumonia

Ps.
aeruginosa

E.
coli

Kl.
pneumonia

Ps.
aeruginosa

Sam
plesN

o.

Resistance
%

Sam
plesN

o.

Resistance
%

Sam
plesN

o.

Resistance
%

Sam
plesN

o.

Resistance
%

Sam
plesN

o.

Resistance
%

Sam
plesN

o.

Resistance
%

Amoxicillin-
clavulanate 33 63 6 66 7 100 39 85 4 100 3 100

Azithromycin 40 25 11 45 4 100 57 28 84 45 2 100

Ceftriaxone 116 63 42 71 8 75 13 77 22 82 6 100

Gentamicin 137 66 40 27.5 9 66 8 75 11 54 7 100

Levofloxacin 20 30 14 28.5 19 47.3 65 44 10 29 11 48.9

Meropenem 131 11 41 9.75 39 35.8 9 22 7 14 4 50

Vancomycin 18 39 7 28.5 3 100 23 39 2 50 9 100
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Figure 2: Percentage of bacterial resistance to AM before COVID-19.

Figure 3: Percentage of bacterial resistance to AM After COVID-19.
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Figure 4: Resistance increment (as a percent) after COVID-19.

DISCUSSION
According to World Health Organization, improper use of
AM is a major cause of increment in antibacterial
resistance globally (13). The CST is an indicative laboratory
technique used to detect the bacterial kind and to
conclude which AM can effectively combat an infection (8).
In this study, cultures showed that E. coli was the main
isolated strain at a percentage of 54%, followed by 23%
of both Kl. pneumonia and Ps. aeruginosa. These results
were approximately similar to that obtained by other
researcher (14).
The suggested groupings of AM agents with FDA clinical
indications are sometimes not followed by some
clinicians. This means wasting of money, time and effort
with rising of morbidity and mortality rates. For example,
FDA chart suggested grouping advises to use ceftazidime,
gentamicin, tobramycin and piperacillin for Ps.
aeruginosa while in practice amoxicillin-clavulanate is
routinely used (14). This is one of the answers about the
question that why the bacterial resistance is growing.
In the current study, cultures showed that the more
efficient AM against E. coli and Kl. pneumonia were
azithromycin, levofloxacin, meropenem and vancomycin.
In fact, these results are nearly parallel to that obtained
by other researchers (15,16). In addition, meropenem and
levofloxacin were also effective against Ps. aeruginosa.
One can say that meropenem and levofloxacin were the
most effective in comparing with other AM and this may
be due to the high cost and limited use of these two AM
which in turn, decreases their bacterial resistance.
Actually, these findings are similar to what is found in the
neighboring countries (19).
On other hand, the ineffective (resistant) AM were
amoxicillin-clavulanate, ceftriaxone and gentamicin. The
study revealed that there is increasing in the bacterial
resistance to the 3rd generation cephalosporin, e.g.,
ceftriaxone due to unreasonable use of this AM (17,18).
Although it is ineffective against Ps. aurogenosa with full
resistance (table 1), azithromycin is still efficient against
E. coli and Kl. pneumonia when compared with other AM
that have low efficacy, higher cost and less available in
some medical institutions. In addition, azithromycin is

relatively cheap, easily available drug with reasonable
adverse effect (20).
Also the current study demonstrated the ineffectiveness
of ceftriaxone and azithromycin for treating the blood
bacterial infections (17, 20). These results can be explained
by the blind use of AM in the treatment of infection which
affects negatively on bacterial resistance �21).
Finally, it is worth mentioning that the bacterial
resistance to all AM was increased after spreading of
COVID-19 due to the over usage of AM to treat
respiratory, gastrointestinal infections and septicemia
that concomitantly happened with infection of COVID-19.
The another cause of increasing bacterial resistance was
the misuse of AM which gives rise to new resistant
bacteria and new strains that are insensitive to
traditional AM.

CONCLUSION
To decrease bacterial resistance, old AM are good choice
due to high sensitivity of most strains of bacteria
especially Kl. pneumonia and E. coli, low cost and
availability. Levofloxacin and meropenem should be
saved for high resistant bacteria in order to decrease the
emergence of resistance against these new AM. The CST
should be regarded as an essential step before the
administration of AM. The combination of more than one
AM can potentiate their action, thereby minimize
bacterial resistance.
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