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Abstract: The severe respiratory distress syndrome (SRDS) has been a significant clinical issue in
modern respiratory medicine. Its role in COVID-19 pandemic is not well defined. Outside-the-hos-
pital SRDS is usually community-acquired septic pneumonia; however, in-hospitals incidences are
complicated by co-infections. While SRDS is genetically selected in European and African origins,
these are not clear in Middle East, particularly in COVID-19 backgrounds. There is a severe paucity
in high quality data on correlations between COVID-19, ARDS, co-infectome, and patient de-
mographics. We have conducted a comprehensive investigation on 298 patients for associations of
SRDS, coinfections, and patient demographics on COVID-19 patients” outcomes. Of these, 9.4%
(n=28) had SRDS, and the rest (90.6%) had not. 54% of those with SRDS died while 84% survived;
SRDS fatality was highly significant (Chi-square test P-value = 0.00000246). Irrespective of gender,
the age of patients was significantly associated with SRDS (72.9 +/-8.9) compared to those without
it (56.2 +/-15.1). However, there was no significant difference neither in the age of admitted patients
before COVID-19 (58.5 +/-15.3) and during COVID-19 (57.2 +/-15.5) nor in the gender and COVID-
19 fatality (Fisher Exact test 2-sided 1.000, 1-sided .546) ruling out that SRDS age-specificity were
selected by virus susceptibility. A 100% of SRDS patients without bacterial co-infections survived
while only 25% of those with co- infectome did not; this association was highly significant (P value=
0.00041). Co-infections alone without underlying SRDS was also associated with high fatality among
patients (P value=0.00000000076). Almost all COVID-19 patients without co-infectome (99.2%) sur-
vived while 28% of those with bacterial co-infection died. The major bacterial pathogens that poten-
tially predisposed to SRDS, were Acinetobacter baumannii, and Escherichia coli either alone or in a
mixed infection with Klebsiella pneumoniae were predominant species identified during SRDS attack.
Thus, Gram-negative co-infectome potentially induced fatal SRDS aggravating COVID-19 outcome.
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These findings have significant clinical implications in specific differential diagnosis of SRDS syn-
dromes for subsequent empiric therapy and patient management strategies. Future vertical investi-
gation for similar mechanisms of cytokine-induced SRDS by Gram negative pathogens is imperative
since hypervirulent strains are rapidly circulating in the region. The study is limited by a single
center study confined to Ha'il hospitals; large scale investigation in major national hospitals would
gain more insights.
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1. Introduction

The acute or severe respiratory distress syndrome (SRDS) has been regarded as a
significant clinical issue in respiratory medicine ever since it was first described, over five
decades ago [1]. Poor oxygenation, pulmonary infiltrates, and an early onset are the hall-
marks of the SRDS (this form will be used hereafter to mean both SRDS and ARDS), a life-
threatening illness that affects seriously ill patients. The ratio of the patient's oxygen sat-
uration in arterial blood (PaO2) to the oxygen content of inspired air is used to define
SRDS (FiO2). The PaO2/FiO2 ratio for these patients is under 300. The Berlin definition of
SRDS [2] was modified in 2012 where the term "acute lung injury" was excluded. Few
effective therapy approaches exist to treat SRDS, which has a significant fatality rate [3,4].
A number of studies have found more severe reductions in lung compliance and less re-
sponsiveness to positive end-expiratory pressure (PEEP) when the SRDS was caused by a
pulmonary process as opposed to an extrapulmonary precipitant, such as sepsis, raising
doubts about the validity of the assumption that different inciting events cause a similar
pattern of lung injury and similar clinical features [5-7]. Therefore, it is not clear what are
the mechanism(s) and pre-disposing factors involved in ARDS and particularly, how it is
stimulated during COVID-19. To understand these mechanisms and how SRDS is trig-
gered during the course of SARS-CoV-2 infection, it has become imperative to understand
the rates and frequencies of SRDS before and after COVID-19 pandemic. This is particu-
larly relevant in the context of co-infections that aggravate the disease.

The epidemiology of SRDS is important in understanding different mechanisms of
its evolution. Since its first description by Ashbaugh et al.[1] in 1967, the SRDS has been
widely recognized as a major clinical problem worldwide with high morbidity and mor-
tality burdens [8-10]. Although the recent Berlin definition [2] is probably much better
than previous ones, there is still a high variability in both epidemiology and clinical out-
comes in diverse healthcare settings [11]. In fact, the incidence of SRDS ranges from 1.5
cases per 100000 [11] to nearly 79 cases per 100000 [11] with European countries reporting
a lower incidence than USA [12]. Moreover, studies from Brazil reported incidence rates
ranging from 1.8 to 31 per 100000 [ 13,14].

Although the overall survival rate is increasing [15,16], the in-hospital mortality rate
varies significantly across a number of observational studies [8,9,13,15-18]. This might be
accounted for by variations in risk factors, diagnostic accessibility, awareness of SRDS,
and some selection biases impacting clinical trials [19]. The incidence of SRDS was re-
cently assessed across 459 intensive care units (ICUs) in 50 countries as part of a major
worldwide observational research (the LUNG SAFE trial) [20]. Any patient included in
the trial was selected using a computer algorithm based on the Berlin criteria [2] in order
to evaluate the clinical recognition of SRDS in accordance with the most recent definition,
and the diagnosis provided by the attending physicians was then compared. The SRDS
occurred in 10.4% of overall ICU admissions and in 23.4% of patients requiring mechani-
cal ventilation among 4499 patients who developed acute hypoxemic respiratory failure.
In comparison to South America, Asia, and Africa, higher incidence rates were found in
North America, Oceania, and Europe. According to the Berlin criteria, 30.0% of patients
had mild SRDS, 46.6% had moderate, and the remaining 23.4% had severe SRDS. Only
34% of patients had clinical evidence of SRDS on day 1 and 60.2% had it by the end of
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their ICU stay, although clinical evidence of SRDS was frequently delayed and less com-
mon in mild cases than in severe ones [20]. The LUNG SAFE trial's adjunctive therapies
and ventilator management were among its secondary endpoints, the use of optimal me-
chanical ventilation was low, and even adjunctive treatments were underutilized for
ARDS patients [21-23]. Thus, the severity of SRDS worsened in 19% of patients, in-hospi-
tal mortality was 40%, and fatality increased concurrently with higher driving pressure
reaching 46% severe SRDS [20].

There are over 60 probable predisposing risk factors for SARS-CoV-2 induced SRDS;
the most frequent are different types of pneumonias. The majority of SRDS incidences,
however, are due to a small number of prevalent causes [24-28]. The most frequent and
widely studies aetiologies are pneumonia (40 %), sepsis (32 %), and aspiration (9%) as
reported on 107 patients in a medical intensive care unit [29]. There are some known risk
factors that are prone to stimulate SRDS indirectly. These include pneumonia as the most
common cause outside-the-hospital SRDS [30]. in the form of community-acquired pneu-
monia. Its alarming rates of increasing mortality of up to 25% triggered high concern of
clinicians and public healthy practicians globally. Streptococcus pneumoniae [31]. Le-
gionella pneumophila, Pneumocystis jirovecii, Staphylococcus aureus, enteric gram-neg-
ative organisms, and several respiratory viruses are examples of common pathogens
[32,33]. The percentage likelihood of particular infectious aetiologies may also fluctuate
depending on the local presence of particular microorganisms (eg, high prevalence of
SARS-CoV-2 during the COVID-19 pandemic and subsequent surges). Additionally, nos-
ocomial pneumonias can develop into SRDS. The most frequently mentioned pathogens
include Staphylococcus aureus, Pseudomonas aeruginosa, and other enteric gram-nega-
tive bacteria. Although methicillin-resistant Staphylococcus aureus (MRSA) has been
linked to nosocomial pneumonia in some publications, MRSA has also been implicated in
cases of community-acquired pneumonia (CAP). Community-acquired MRSA (CA-
MRSA) pneumonia is thought to be the major etiology in the past decade. However, these
rates are entirely dependent on local profiles of circulating strains which record much
high rates in most countries. Intensive care unit admission and in-patient mortality were
more severe clinical outcomes for patients with CA-MRSA pneumonia than for those with
pneumococcal CAP [34]. According to some studies, the fatality rate for CA-MRSA pneu-
monia might range from 56% to 63% [35,36]. The pathogenicity of Panton-Valentine leu-
kocidin (PVL) is frequently linked to CA-MRSA strains [37]. Extensive lung necrosis, mul-
tilobular infiltrates, leucopenia, hemoptysis, and sepsis are symptoms of CAP caused by
MRSA bearing the PVL gene, therefore increases the mortality rate [38,39].

The second most common trigger of SRDS is sepsis [40-43]. Every time SRDS mani-
fests in a patient, sepsis is the first etiology to be taken into consideration. Community-
acquired pneumonia (CAP) is a most severe infection in communities and/or extended
home-cares worldwide due to the septic necrotizing pneumonia [44-47]. Staphylococcus
aureus hospital pulmonary sepsis has been postulated to correlate with SRDS for years
until a recent study confirmed the MRSA direct involvement and the role of FTY720 S-
phosphonate in endothelial cell protection [48]. Estimated 30 million cases of lung sepsis
annually have led to more than eight million deaths, i.e.,15-30% in high-income countries
and 50% or higher in low-and middle-income countries [49]. It becomes critically serious
when pvl-positive S. aureus (CA-MRSA lineage) are involved in SRDS conditions. More
importantly, clinical management is particularly challenging when the etiologic scenarios
in SRDS and superantigenic CA-MRSA pneumonias are further complicated by similar
respiratory Covid-19 and/or skin monkeypox syndromes. For these reasons, rapid differ-
ential diagnosis of pneumonia cases is imperative for successful clinical management
strategies. Thus, multi-point surveillance of S. aureus lineages including MRSA and PVL-
positive S. aureus in nosocomial setting is important for control of necrotizing pneumonia,
SRDS, and early recognition of potential aggravation by monkeypox or Covid-19. Data
is limited in these new aspects of COVID-19 complicated bacterial infections. In recent
years, with the increase in global population dynamics a significant increase in commu-
nity associated lung infections have occurred globally. Despite the remarkable progress
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made in advancing healthcare systems, pneumonia associated to lung sepsis remains a
burdensome in global public health [50,51]. Furthermore, the high complexity and costs
associated to lung care complicates cases leading to high morbidity and mortality. Partic-
ularly, the clinical and economic burden of CAP is staggering, far-reaching, and expected
to increase as new antibiotic resistance mechanisms emerge while the world's population
ages [52]. In the US alone, the annual hospitalization rate for CAP is more than USD$ 2.6
million, ranking second only to childbirth for hospital admissions [available at:
https://www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2017.jsp] accessed May
24 2022, the Agency for Healthcare Research and Quality National: regional estimates
on hospital use for all patients from the HCUP National Inpatient Survey (NIS 2017)].
Therefore, a leading cause of death worldwide is sepsis especially when developed as a
dysregulated immune response to infectious pneumonia [53,54]. The potential risk of S.
aureus in these cases is quite high.

There have many observations in the SRDS susceptibility and mortality rates,
whether due to COVID or other reasons, related to different predisposing factors in dif-
ferent populations. Although the prognosis is basically the same for both sexes, there are
observations that men may be marginally more prone to develop SRDS than women. Less
frequently do patients who are female or shorter in stature receive lung-protective venti-
lator tidal volumes. Female patients with severe chronic SRDS died at a greater rate than
male patients. Black and Hispanic patients with SRDS showed greater fatality rates in at
least one study, which appeared to be mediated by increased severity of illness. Never-
theless, black individuals may have a lower chance of having SRDS. Risk factors for SRDS
also include exposure to ambient air pollutants, alcohol usage, hypoalbuminemia, chem-
otherapy during the past six months, and tobacco use. Thus, selective susceptibility to
SRDS and COVID-19 still requires additional understanding.

COVID-19 was a main reason for SRDS during recent months and it appears to have
worse outcomes than SRDS from other causes. Early studies to characterize the COVID-
19 host immune response showed an immunological signature made up of high serum
cytokines[55,56]. Compared to other viruses, COVID-19 and influenza are both linked to
a compromised IFN-I and -III host response. However, the severity of the impairment is
inversely correlated with COVID-19. In addition, age has emerged as a dominating pre-
dictor of illness severity and mortality risk, even though the precise mechanisms by which
SARS-CoV-2 produces SRDS and how particular host characteristics increase the chance
of developing severe disease remain unknown. Early on in the epidemic, reports from
China and Italy indicated case-fatality rates of 15-20% among patients over the age of 80
compared to 1% among patients under the age of 50 [57] and concluded that COVID-19
SRDS appeared to have a worse outcome than SRDS from other causes. Patients with
COVID-19 SRDS who were hospitalized in ICU experienced mortality rates ranging from
26% to 61.5%, and patients receiving mechanical ventilation experienced mortality rates
ranging from 65.7% to 94%. Numerous studies have demonstrated that the pathophysio-
logical characteristics of COVID-19 SRDS are equal to those of non-COVID-19 ARDS [56].
These findings indicate that there is a knowledge gap in these areas of research.

Thus, specific diagnosis of COVID-19-mediated, bacterial infectome-induced, or non-
infectious SRDS syndromes has become imperative for clinical management of patients.
These overlapping mechanisms render clinicians ponder over several scenarios involved;
particularly, in cases requiring immediate interventions without laboratory aid. Diagnosis
of SRDS cannot be confirmed or disproven by a single diagnostic test that adds another
layer of difficulty. Furthermore, according to the Berlin definition's expansion, it must be
emphasized that SRDS is currently diagnosed only based on clinical criteria and is a syn-
drome rather than a particular pathologic entity until, one is specifically identified. There-
fore, diagnosis of SRDS necessitates the presence of bilateral chest radiographic abnor-
malities and new or worsening respiratory distress for seven days or less, the inability of
heart failure to fully explain the hypoxemia and radiographic infiltrates, and clinical sig-
nificance of the impaired oxygenation. In contrast to earlier definitions [58], the Berlin
criteria offered more precise guidance on chest radiograph patterns that are indicative of


https://doi.org/10.20944/preprints202306.1341.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 June 2023 d0i:10.20944/preprints202306.1341.v1

SRDS, such as bilateral opacities consistent with pulmonary oedema that can be patchy or
asymmetric, and those that are not, such as isolated pleural effusions, atelectasis, or tu-
mors. Reliance on CT pictures is challenging to distinguish COVID-19 from other types of
bacterial pneumonia because the images largely overlap. While many investigations re-
vealed a wide range of CT findings in COVID-19, there is a consensus that the presence of
ground glass opacities (GGO), often with a peripheral and subpleural distribution, is the
key CT characteristic of COVID-19 pneumonia. Also, the absence of centrilobular nodules
and mucoid impactions makes the characteristics of COVID-19 pneumonia different [59—
61]. In addition, there is currently a lack of pathological data on COVID-19 pneumonia,
based on autopsy or biopsy results. Furthermore, for patients with severe hypoxia and
those on high doses of vasoactive drugs, continuous renal replacement therapy, or other
ICU procedures, obtaining a CT scan can be difficult. Moreover, CT costs money and ex-
poses patients to ionizing radiation, which limits its repeatability [62,63]. In the Kigali up-
date to the Berlin definition of ARDS, lung ultrasonography has been suggested as a sub-
stitute for chest radiography in settings with limited resources. However, sonographic B
lines from hydrostatic pulmonary oedema are indistinguishable from those in SRDS.
Combining cardiac and lung ultrasonography can be suggest a cardiogenic process, alt-
hough heart failure and SRDS can coexist complicating the issue. Ultrasound visualizes
primarily subpleural lung zones and can yield poor-quality images in the presence of ex-
tensive overlying soft tissue (as seen with obesity) or subcutaneous oedema [62,64,65].
Thus, for these and other several reasons, baseline association studies, such as this work,
are required to lay solid foundations for rapid primary differential diagnosis of respira-
tory illnesses with emphasis on COVID-19- and bacterial co-infectome-induced distresses.
The aim of this study was to conduct a comprehensive investigation for associations of
SRDS, coinfections, and patient demographics on COVID-19 patients” outcomes with em-
phasis on the potential influence of each on specific diagnosis.

2. Materials and Methods

Hospital and laboratory records on different SRDS, COVID-19, and co-infection sce-
narios data recorded pre-COVID-19, during COVID-19, and in COVID-19-co-infection
backgrounds. Since there is no clear-cut diagnostic procedure available for one-step diag-
nosis of SRDS, multiple indicative criteria that usually followed including standard guide-
lines” meeting definitions were collected (tests shown below). SARS-CoV-2 infection can
be confirmed by positive detection of viral RNA in nasopharyngeal secretions using a
specific PCR test. COVID-19 illness can be confirmed by a consistent clinical history, epi-
demiological contact, and a positive SARS-CoV-2 test. COVID-19 SRDS is diagnosed
when a confirmed COVID-19 infection meets the Berlin 2012 ARDS diagnostic criteria:
these are (i) acute hypoxaemic respiratory failure; (ii) presentation within 1 week of wors-
ening respiratory symptoms; (iii) bilateral airspace disease on chest x-ray, computed to-
mography (CT) or ultrasound that is not fully explained by effusions, lobar or lung col-
lapse, or nodules; and (iv) cardiac failure is not the primary cause of acute hypoxaemic
respiratory failure. These criteria identify new or worsening respiratory symptoms, pro-
found hypoxemia, bilateral pulmonary opacities on radiography, and inability to explain
respiratory failure by cardiac failure or fluid overload. Therefore, pre-COVID SRDS is fa-
miliar; however, its association with SARS-CoV-2 viral-pneumonia and other microbial
co-infections is not always successfully differentiated.

2.1. Work environment

The Ha’il University Health Research Laboratories and Health Ha'il cluster units are
standard laboratory center, including Ha’il Regional Health Laboratory which is certified
and accredited by the Saudi Central Board for Accreditation of Healthcare Institutions
(CBAHI)-Code 2739. All patients are hospitalized at Ha'il hospitals including the King
Salman Specialist Hospital (KSSH), Ha’il, Kingdom of Saudi Arabia (KSA). The KSSH
hospital is a 500-bed tertiary care hospital designated to COVID-19 patients in addition to
other specialized medical care services to Ha'il and all socioeconomic populations of the
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region. The KSSH is certified and accredited by the Saudi Central Board for Accreditation
of Healthcare Institutions (CBAHI)-Ref.no. HAL/MOH/HO5/34213.

2.2. Study Designs

This is an experimental records with retrospective cross-sectional study at the King
Salman Specialist Hospital (KSSH), Ha'il, Kingdom of Saudi Arabia (KSA). The hospital
is a 500-bed tertiary care hospital designated to COVID-19 patients in addition to other
specialized medical care services to Ha’il and all socioeconomic populations of the region.
The hospital is certified and accredited by the Saudi Central Board for Accreditation of
Healthcare Institutions (CBAHI) (Ref. No. HAL/MOH/HO5/34213). The KSSH has been
designated to receive COVID-19 patients. A panel of experts consisting of clinical micro-
biologists, laboratory specialists, and clinicians reviewed the list of criteria, COVID-19-
compatible clinical profiles, and test results. COVID-19 patients records were used to es-
timate the overall frequency of SDRS and to monitor the rates of bacterial co-infections.
To study influence of individual bacteria pathogens, we mde sure no double infections or
its different emerging variants, disease patterns, and isolate properties, as well as ensuring
that the isolation period was the same for non-co-infected patients and co-infected pa-
tients. For ICU patients, the average stay was around two-three weeks from admission.
COVID-19 diagnosis for all participating patients was confirmed by clinically compatible
symptoms and by real-time reverse transcription PCR (RT-PCR) testing performed on na-
sopharyngeal throat swab specimens at the Ha’il Health Regional Laboratory (HHRL) for
COVID-19.

2.3. Supporting examinations and tests performed for confirmation

1. 2. Oxygen: Non-invasive ventilation procedures, such as supplemental oxy-
gen in patients with signs of severe respiratory distress, or hypoxemia (i.e., SpO2 < 90%)
delivered by ventilation. Initial oxygen therapy at 5 L/min and titrated to SpO2 2= 90%.
High oxygen flows (10-15 or 50-60 L/min) is usually delivered through a face mask with
a reservoir bag to reach a higher concentration of oxygen according to Borghes and
Maroldi [26]66 Nava et al., 2011 [27]67 and Keenan et al., 2011 [28]68. All these protocols
usually from simple to aggressive, as follows: First, a nasal canula (~4 L), then a simple
facemask (~10 L), followed by a non-Rebreather mask (~15 L). If necessary, these are then
followed by noninvasive medical ventilations for high flow, such as high-flow nasal can-
ula (100 L) or Bilevel positive airway pressure (BiPAP). Often, tracheal intubation for high
oxygen is required.

2. Intubation: Mechanical ventilations increased difficulties with breathing or hy-
poxemia after using non-invasive ventilation. Invasive mechanical ventilation through an
endotracheal tube or tracheostomy by an ICU expert according to the NIH NHLBI ARDS
Clinical Network’s mechanical ventilation protocol card, available at:
http://www.ardsnet.org/system/files/ Ventilator%20Protocol%20Card.pd (accessed on 5
December 2021).

3.  Lowest absolute lymphocyte count (LALC) and Routine complete blood and
differential counts performed by using the laboratory automated hematology analyzers
according to Fan et al., (2020) [29]69 and Kaushansky et al., 2015 [30]70.

4. Records of Microbial Co-Infection or Superinfection and their antimicrobial
Susceptibility Data during SRDS co-infections

Routine microbiological investigations data from SDRS cases with clinical COVID-19
co-infecting pathogens were collected. Bacterial coinfectomes (bacterial pathogens co in-
fected with SARS-CoV-2 virus) were studied case-by-case basis during the overall evalu-
ations. The susceptibility testing results recorded in accordance with the recommenda-
tions of the Clinical and Laboratory Standard Institute (CLSI document M1005-26)71 were
used to categorize resistance classifications.

2.4. Statistical Analysis of the data
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Data from different sources and experimental procedures were analyzed using Sta-
tistical Package for Social Sciences software. (IBM SPSS; Version 24 SPSS version 23.0 for
Windows (SPSS, Inc., Chicago, IL, USA). The study was descriptive analysis and stratified;
we presented absolute numbers, proportions, and graphical distributions. We used Fisher
exact statistical, Chai tests for proportions and showed p-values where appropriate (a p-
value <0.05 was considered statistically significant).

3. Results

Death rate among patients with and without SRDS

In this study, we have examined 298 patients; 9.4% (n=28) of whom had SRDS, and
the rest (90.6%) had not. As shown in Figure 1, 54% of those patients with SRDS died while
84% of those without the syndrome survived. Statistical analysis of the relationship be-
tween COVID-19 case fatality in patients with underlying SRDS revealed that among
COVID-19 patients, in those with SRDS, fatality incidence was highly significantly asso-
ciated as indicated by the Chi-square test P-value (p value = 0.00000246). In addition, to
test the notion that a specific age-range or age-group could be a potential risk factor in
susceptibility to SRDS attack, we examined the ages of the target population (see Figure 2
for details). There was a significant difference in the age of patients with SRDS (72.9 +/-
8.9) compared to those patients without SRDS (56.2 +/-15.1) (Figure 2 and Table 1).

death rate among patients with and without srds

NO SRDS (N=270) SRDS (N=28)
M Survival M Death

Figure 1. Severe Respiratory syndrome case fatality rates among COVID-19 patients.
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95% Cl age
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T T
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SRDS(severe resp distress syndrome)

Figure 2. Association of admitted patients’ age with SRDS incidence rates in the study popula-
tion.
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Table 1. Age-specific difference in COVID-19 patients with and without severe resp distress syn-

drome.
SRDS(severe resp distress N Mean Std. Deviation Std. Error
syndrome) Mean
yes 28 72.857 8.8974 1.6815
a8e no 270 56.248 15.1019 9191

To confirm whether this finding could be an age-specific susceptibility factor selected
by SARS-CoV-2, we analyzed the age factor before and during COVID-19 in admitted
patients; there was no significant difference in the age of admitted patients before COVID-
19 (58.5 +/-15.3) and during COVID-19 (57.2 +/-15.5) (Table 2a). Similarly, we further ex-
amined the probability of the influence of gender differences in COVID-19 patients with
underlying SRDS(Table 2b). However, to avoid bias in result interpretations, we first ex-
amined potential gender-based resistance to SARS-CoV-2 infection in humans. Since it has
been widely established by reports and a substantial body of knowledge that women
could be more likely to resistant SAR-CoV2 infection than men, we studied gender differ-
ences before and during COVID-19 pandemic. Among the study population of 298 pa-
tients, we did not find any significant association between studied patients’ gender and
COVID-19 disease incidence (Table 2b; Fisher Exact test 2-sided 1.000, 1-sided .546). To
avoid potential confounder, we also studied the relationships between the gender of tar-
get population and SRDS cases (Table 2c); no significant association was found (P value
Exact sig 2-sided .553, Exact Sig 1-sided .307. To rule out any association between case
fatality and gender, we analyzed associations between the sex of patients and death and
found no significant association ( Fisher’s Exact Test 2-sided .772; 1-sided .433) and Chi
square test P value .754) (Table 2d). Furthermore, the probability that SDRS predisposes
to coinfection was also remote (Table 2e); (Pearson Chi-Square P value .106; Fisher’s Exact
test. 2-side .114; 1-sided .077) was insignificant. However, when we reversed dependents,
there was a highly significant association deaths as explained below.

Table 2(a,b,c,d,e). Comparative analysis of the diseases co-influence of SRDS, coin-
fections, and patient demographics before and after COVID-19 pandemic in the outcome

a.  Group Statistics: Age profiles of patients before and after COVID-19 pandemic

Group N Mean Std. Deviation  Std. Error Mean
During COVID-19 149 57.154 15.5058 1.2703
e
8 Before COVID-19 149 58.463 15.3286 1.2558

b.  Chi-Square Tests. Admitted patients’ gender profiles before and during the COVID-19 pandemic

Asymptotic Signifi- . . Exact Sig.
Value df cyancI:)e (2-si dg d) Exact Sig. (2-sided) (1-si decig)
Pearson Chi-Square .0002 1 1.000
Continuity Correction®  0.000 1 1.000
Likelihood Ratio 0.000 1 1.000
Fisher's Exact Test 1.000 .546
N of Valid Cases 298
a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 68.00.
c¢.  Chi-Square Tests: Analysis of the association of admitted patients” gender and Severe Respiratory
Distress Syndrome in the study population
Value df Ascyarrrll(}:)etc();(;is(;gg;fl Exact Sig. (2-sided) l?;ij;if)
Pearson Chi-Square .5032 1 478
Continuity Correction®  .260 1 .610
Likelihood Ratio .507 1 476
Fisher's Exact Test .553 307

N of Valid Cases 298
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a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 12.78.
d. Chi-Square Tests: association of patients’ gender and COVID-19 fatality

Value df Asympt(c;t_lscijéir;lﬁcance Exact Sig. (2-sided) l?;ij;if)
Pearson Chi-Square .0982 1 754
Continuity Correction®  .028 1 .867
Likelihood Ratio .098 1 .754
Fisher's Exact Test 772 433
N of Valid Cases 298

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 26.93.
e.  Chi-Square Tests: Whether Severe respiratory distress syndrome predisposes to coinfections

Asymptotic Significance Exact Sig.

Value df (2-sided) Exact Sig. (2-sided) (1-sided)
Pearson Chi-Square 2.6092 1 106
Continuity Correction®  2.001 1 157
Likelihood Ratio 2.714 1 .099
Fisher's Exact Test 114 .077
N of Valid Cases 298

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 12.03.

In this study, we report on the significance of bacterial infections in COVID-19 pa-
tients with underlying SRDS. As shown in Figure 3, all SRDS patients who did not have
bacterial co-infections along with SARS-CoV2 (100%, n=8) fortunately survived the inci-
dence. However, only 25% of those who had bacterial infections along with the virus did
not survive. This association of bacterial co-infections along with SARS-CoV-2 in SRDS
patients was highly significant as determined by the Person Chi Square test value (P
value= 0.00041). This finding was an overall analysis irrespective of the types of bacterial
pathogens which will be examined in a separate analysis as shown below. Furthermore,
in an independent investigation, and to confirm the influence of co-infections and SRDS
in aggravating COVID-19 patient outcome, we examined bacterial co-infections alone
without underlying SRDS on the outcome of studied patients. The case fatality of bacterial
co-infection to SARS-CoV-2 among patients without SRDS indicate that there was associ-
ation with a higher death rate (P value= 0.00000000076) (Figure 4). Almost all COVID-19
patients with no bacterial co-infection with the virus (99.2%) survived. However, 28% of
those with bacterial co-infection did not make it. To determine the major bacterial patho-
gens that potentially predispose to SRDS, we investigated the associations of different in-
fecting bacteria in SRDS cases and found that Acinetobacter baumannii, and Escherichia coli
(E. coli) either alone or in a mixed infection with Klebsiella pneumoniae (K. pneumoniae) were
predominant species identified during SRDS attack (Table 3).

Table 3. Association of specific Gram-negative pathogens with case fatality during SRDS attack.

Chi-Square Tests

Asymptotic Significance (2-  Exact Sig. (2-

Value df sided) sided)
Pearson Chi- 47.251¢ 21 001 008
Square
Likelihood Ratio 30.691 21 .079 .024
Fisher's Exact 3 718 034
Test

N of Valid Cases 149
a. 38 cells (86.4%) have expected count less than 5. The minimum expected count is .11.
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Death rate among patients with SRDS

no bacterial infection (n=8) bacterial infection (n=20)
M Survival 100.0% 25.0%
H Death 0.0% 75.0%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

B Death m® Survival

Figure 3. Case fatality rates of COVID-19 patients with underlying Severe Distress Respiratory Syn-
drome with and without underlying bacterial co-infections.

Death rate among patients without SRDS

no bacterial infection bacterial infection (n=150)

(n=120) gpeath  mSurvival

Figure 4. Among patients without SRDS, bacterial infection is associated with a higher death rate (P
value= 0.00000000076).

4. Discussion

Even though 9.4% (n =28) had SRDS, this is significant for the seriousness as the out-
come. Usually, SRDS incidence is fatal indicated by the fact that, out of those who had
SRDS, over 50% of patients died while 84% of those without the syndrome survived.
This is much higher than that reported in other countries72; however, those reported in
our study were carefully monitored against several potential aggravating issues and one
of the most important factors was revealed association to advanced age related SRDS (Fig-
ure 2 Table 1). Unfortunately, there is a severe paucity in high-quality data on the SRDS
mechanisms affecting the two extremes of life. For instance, while SRDS post traumatic
event was most common in middle-aged adults, albeit patients four years or younger and
65 years or older experienced the highest burden of ARDS related mortality where chil-
dren were disproportionately affected by the incidence73. For these reasons and to ade-
quately understand the potential confounding factors in the host-pathogen interplay, we
asked several research questions and determined influence of SRDS, coinfections, and pa-
tient demographics before and after COVID-19 pandemic on patients’ outcomes (Table
2a, b, c,d,e). These included age- and gender-specificities in SRDS fatalities as well as
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SARS-CoV-2 selective susceptibilities in gender differences. For instance, we examined
age association before and during COVID-19 in admitted patients. However, we found no
significant age-related differences in COVID-19 patients and no potential gender-based
resistance or susceptibility to SARS-CoV-2 infection contrary to the common belief that
being a man could be a risk for the virus. This is, in part, consistent with the finding that
advanced age was a factor in SARS-CoV-2 susceptibility irrespective of gender74 75. Nev-
ertheless, recent advances support the host-specificity in the virus tropism, transmission
dynamics, immune evasion, and virulence in different human population genetic struc-
tures76. These findings were critical in minimizing potential pitfalls in the accurate diag-
nosis and treatment of SRDS and in specifically identifying aggravations by co-infections.

Despite enormous events, the mechanisms of coinfections in aggravating COVID-19
patient outcomes with and without underlying chronic disorders have not yet been clear.
In particular, accurate differential diagnosis between the cause of SRDSs whether initiated
by COVID-19, bacterial infections, and/or non infectious SRDS has not been well ad-
dressed. This is of paramount importance since it directs different specific treatment strat-
egies for each cause. In this study, we have addressed this issue in detail among the ex-
amined population where all SRDS patients (100%) without bacterial co-infections sur-
vived while 25% of those who had bacterial infections along with the virus did not. Asso-
ciation of bacterial co-infections in SRDS patients was highly significant (Person Chi
Square test value P value=0.00041). These finding, as much as it is significant in aggravat-
ing the disease, is an outcome of sum of several subtle mechanisms in host-pathogen in-
teractions that necessitates investigation of each separately of one another. Therefore,
from these results we attribute the lung injury due to cytokine storm provoked by a dy-
namics “infectome” at this stage in discussion. However, while cytokine storm is being
reported77 widely in the community-acquired Staphylococcus strains (CA-MRSA) since
its pandemic a decade ago, its role in Gram negatives has not yet been widely reported.
To substantiate these results, stepwise investigations were necessary to confirm influence
of coinfections.

In independent investigations we examined bacterial co-infections alone without un-
derlying SRDS on the outcome of studied patients and found association with a higher
death rate (P value= 0.00000000076) (Figure 4). Almost all of those without co-infection
(99.2%) survived and 28% of those with bacterial co-infection died. We further determined
the major bacterial pathogens that potentially predispose to SRDS and found that Aci-
netobacter baumannii, and Escherichia coli (E. coli) either alone or in a mixed infection
with Klebsiella pneumoniae (K. pneumoniae) were predominant species identified during
SRDS attacks (Table 3). This is in agreement with our previous finding that only a few
selected Gram-negative pathogens were identified aggravating COVID-19 clinical profiles
78,79. While selective SARS-CoV-2 coinfection by limited pathogens became increasingly
evident, their role in the development of stroke and SRDS remained unclear. This has sig-
nificant clinical implications in differential diagnosis and specific empiric therapy; espe-
cially in distinguishing COVID-specific dry cough from a product one due to bacterial
infections. Furthermore, SARS-CoV-2 role in stroke has been widely proposed; however,
whether coinfections are involved is not fully understood. There are ample evidence for
viral tropism loci leading to SRDS. The nasal olfactory bulb expresses different transcript
levels in nasal partitioning ration-inspiration (NRP1), ACE2, CD147, TMPRSS2, and Furin,
accounting for smell and taste losses80,81. The Higher expression levels of NRP1 in the
SARS-CoV-20-infected cells of the olfactory epithelium imply a hematogenous spread - a
potential route to stroke in COVID-19 patients. In addition, there are also well-established
mechanisms in CA-MRSA superbug induced cytokine storm production in necrotizing
pneumonia. However, future vertical investigation for similar mechanisms in these Gram
negatives lung pathogenicity has become imperative since the growing outbreak by hy-
pervirulent strains is rapidly circulating 82

Another rather more important reason for differential diagnosis to rule out bacterial
co-infection in COVID-19, is the potential molecular mimicry leading to co-protections
against virus infections. While other viral co-infections would potentially provide cross-
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protection against SARS-CoV-2 83-85, this type of cross-protection is rare in case of bac-
terial co-infection implying a risk of subtle bacterial virulence initiated by SARS-CoV-2.
Since rare cases of cross-reactive epitomes with SARS-CoV-2 were reported for proteomes
of BCG, Bordetella.pertussis, Corynebacterium .diphtheriae, Clostridium.tetani, He-
mophilus.influenzae, Neisseria. meningitidis and Streptococcus.pneumoniae, 86, it im-
plies that similar cases for Gram negatives identified in this study.

5. Conclusion

In conclusion, for the first time to best of our knowledge we report, in a comprehen-
sive investigation, on the frequencies of associations of SRDS, coinfections, and patient
demographics on COVID-19 patients” outcomes. While SRDS and co-infections aggra-
vated case fatality rates of COVID-19 patients either each alone or in combination, ad-
vanced age was a factor in SARS-CoV-2 susceptibility irrespective of gender. More im-
portantly, “infectome” of A. baumannii, E. coli, and Klebsiella pneumoniae was identified
in all SRDS cases and potentially might have provoked the attacks. These findings have
significant clinical implications and the need for specific differential diagnosis of SRDS
syndromes induced by COVID-19 and bacterial infection. This is crucial for subsequent
empiric therapy and patient management strategies. Future vertical investigation for sim-
ilar mechanisms of cytokine-induced SRDS by Gram negative pathogens in lung patho-
genicity is imperative since the growing outbreak by hypervirulent strains is rapidly cir-
culating 82 in the region. The study has limitations in the single center study confined to
Ha'il hospitals; large scale investigation in major national hospitals would gain more in-
sights.
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