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Abstract: The COVID-19 pandemic, caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2)virus, resulted in significant global health consequences. The interventions introduced
to limit the spread of the virus had a significant impact on the course of the pandemic, but they
might also involve other pathogens besides SARS-CoV-2. This study investigates the epidemiological
variations for major bacterial and common fungal pathogens represented by Candida species infection
in Qatar through retrospective hospital records. Retrospective data were collected on all bacterial
and Candida infections from Hamad General Hospital between January 2019 and December 2021.
Statistical analyses were performed using R (Version 4.1.0). Infection count comparisons were
performed using chi-square goodness of fit tests. Differences in patient numbers were tested with
one-way ANOVA followed by post hoc Tukey HSD. The number of infections and measures were
correlated using Spearman rank correlation. The significance level was set at 0.05, and where
applicable, the Holm–Bonferroni method was used to correct for multiple testing. The general trend
for bacterial and Candida infections showed a significant decrease (p < 0.05) following the imposed
restrictions and increases during restriction lifting periods. The number of bacterial infections
correlated with the number of international visitors (ρ = 0.61, p < 0.01), while the number of Candida
infections correlated with hospital admissions of COVID-19 patients (ρ = 0.59, p = 0.013). The results
provide a general overview of the infection trends in Qatar during the COVID-19 pandemic and
illustrate some of the pandemic interventions’ effects on bacterial and Candida infections. However,
further research is needed to better understand the underlying trend dynamics.

Keywords: bacteria; COVID-19; hospital; Candida; Qatar

1. Introduction

In March 2020, the World Health Organization (WHO) declared COVID-19 dis-
eases caused by SARS-CoV-2 as a global pandemic. By the following month, more than
800,000 deaths were reported worldwide [1]. Although COVID-19 is a viral infection
caused by the SARS-CoV-2 virus, associated direct and secondary pathology and the health-
care system, disruptions significantly impacted other acute and chronic infections and
non-communicable diseases [2–5]. The consequences of the COVID-19 pandemic cannot
be overstated, spanning direct public health and extending beyond recorded morbidity
and mortality to include devastating social and economic consequences [6]. For exam-
ple, during the pandemic, there was a noticeable increase in antimicrobial consumption,
particularly for hospitalized patients [2–9].
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Treatments for the COVID-19 disease, including antimicrobials, immune suppression
such as steroids, and immune-modulating therapy, can influence the epidemiology of
bacterial and fungal infections [10]. Several studies found changes in bacterial and fungal
(most commonly Candida species) infection epidemiology, particularly among hospitalized
patients [5,11,12]. Additionally, social distancing and the restrictions governments imposed
to quell the spread of SARS-CoV-2 may have affected the spread of other pathogens as they
depend on close contact for spread [13]. While epidemiological changes in hospitalized
patients have been described, only a few studies investigated epidemiological changes in
bacterial and fungal infections on a larger scale or in terms of community spread during
the pandemic.

The COVID-19 pandemic has had a profound impact on healthcare systems worldwide,
influencing the epidemiology of bacterial and fungal infections through multiple direct
and indirect pathways. While this study focuses on trends observed in Qatar, similar
patterns have been reported globally. For instance, in Italy, Deiana et al. [14] observed a rise
in healthcare-associated infections (HAIs) during the pandemic, particularly in intensive
care units (ICUs), where increased reliance on invasive devices and immunosuppressive
therapies contributed to heightened risks. In England, Gerver et al. [10] identified an
increase in fungal co-infections, including Candida species, among hospitalized COVID-
19 patients, highlighting the burden of critical care interventions on infection dynamics.
Expanding on such international comparisons enriches our understanding of how localized
trends fit within broader global patterns,

Qatar is one of the Gulf countries in the Arabian Peninsula, with a population of
about 3 million. The healthcare system is based on universal coverage, operated by Hamad
Medical Corporation (HMC), which serves the entire population, making it ideal for
country-wide epidemiological surveillance. In Qatar, the first COVID-19 case was reported
on the 29 February 2020, while restrictions and measures were imposed on the 15 March
2020. Using data covering the pandemic between the 1 January 2019 and the 31 Decem-
ber 2021, this study aims to investigate epidemiological changes in bacterial and fungal
infections, which are represented by Candida species, across the country against social
interventions. The three-year study period spans approximately 15 months before the
pandemic, and all the COVID-19 pandemic waves up to the lifting of social restrictions in
the country.

2. Materials and Methods
2.1. Settings

Hamad Medical Corporation (HMC) is the primary healthcare provider in the country.
HMC is composed of the medical city (which consists of 14 acute and specialized care
hospitals with a total capacity of almost 2500 beds), three general hospitals, and a network
of 29 primary healthcare centers (PHCCs) that serve the country’s population of nearly
three million (Figure S1) Through a major central facility and a few peripheral supporting
ones, the microbiology division of the Department of Pathology and Laboratory Medicine
handles all specimens for microbiological identification and reporting.

2.2. Specifications for Datasets and Resources

Retrospective data were collected on all bacterial and Candida infections from the
HMC central laboratory between 1 January 2019 and 31 December 2021. The microbial
identification at HMC was mainly made using matrix- assisted laser desorption ionization-
time of flight mass spectrometry (MALDI-TOF MS), Brucker, Germany and BD PHOENIX
M50, Version 2.75. Automated Microbiology System, US. The three-year study period
includes the period of almost 15 months (1 January 2019–14 March 2020) before the first
pandemic restrictions and the period following, which consists of the first restrictions period
(15 March 2020–14 June 2020), first gradual restriction lifting (15 June 2020–2 February 2021),
second restrictions period (3 February 2021–27 May 2021), and second gradual restriction
lifting (28 May 2021–31 December 2021).
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The data included patient demographics, specimen type, collection date, location,
and identified organism. The data were processed to keep the first episode per patient
per 365 days, and an infection type was defined using the orderable name and specimen
type/body site. Infection types were grouped into urinary tract infections (UTIs), respira-
tory tract (RTIs), sterile sites (including bacteremia), wound, skin and soft tissue infections
(Wound/SSTI), eye, ear, gastrointestinal, and genital. An extra “other” category was added
to cover cases where the infection type could not be determined or did not fall into any of
the groups.

In addition to the infection data, several other datasets were used to support analysis.
COVID-19 statistics were obtained from the Qatar Open Data Portal (https://www.data.
gov.qa/; URL accessed on 8 June 2022, Figure S2). The dataset includes the number
of daily new COVID-19 cases, deaths, and hospitalizations, as well as the number of
patients in the hospital per day due to COVID-19. Additionally, the numbers of monthly
incoming international travelers were collected from the Qatar Monthly Statistics Reports
published by the Qatar Planning and Statistics Authority (QPSA; https://www.psa.gov.qa/;
URL accessed on 8 June 2022, Figure S3). Lastly, mobility and COVID-19 restriction
metrics were collected from both the Google COVID-19 Community Mobility Reports
(https://www.google.com/covid19/mobility/; URL accessed on 8 June 2022, Figure S4)
and the Oxford COVID-19 Government Response Tracker (OxCGRT; Figure S5) [15].

2.3. Statistical Analysis

All statistical analyses were performed using R (Version 4.1.0). Infection count compar-
isons were performed using chi-square goodness of fit tests. Differences in patient numbers
were tested with one-way ANOVA followed by post hoc Tukey HSD. The number of infec-
tions and measures were correlated using Spearman rank correlation. The significance level
was set at 0.05, and where applicable, the Holm–Bonferroni method was used to correct
for multiple testing. Where sex was a factor in the analysis, only infections where sex was
mentioned were used because five patients did not have a record of sex.

3. Results
3.1. Infections and Demographics

A summary of patients’ demographics and sampling sites is outlined in Table 1.
After removing duplicates, the total number of infection episodes was 69,493, with 98.8%
bacterial and 1.2% Candida infections. More than half the infections were among females,
and non-Qatari patients. Infection episodes were highest in the pre-restrictions period,
then decreased during the first restrictions period, increased during the first lifting period,
declined again during the second restrictions period, and rose again during the second
lifting period (Table S1). Pairwise comparisons between the periods show statistically
significant differences between all pairs for bacterial infections (p < 0.01). Similarly, the
differences between the periods of Candida species infections were significant, except
between the first gradual lifting and second restrictions period (Figure 1).

Table 1. Demographic summary.

Characteristic N = 69,493 1

Age 38 (25, 57)

Sex
Female 38,511 (55%)
Male 30,977 (45%)

Organism
Bacteria 68,654 (98.8%)
Candida 839 (1.2%)

https://www.data.gov.qa/
https://www.data.gov.qa/
https://www.psa.gov.qa/
https://www.google.com/covid19/mobility/
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Table 1. Cont.

Characteristic N = 69,493 1

Facility
Medical City 2 41,102 (59%)

Hospital 18,437 (27%)
Other 3 465 (0.7%)
PHCC 9489 (14%)

COVID-19 Hospitalizations 824 (1.2%)

Nationality
Non-Qatari 50,193 (72%)

Qatari 19,299 (28%)
1 Median (interquartile range); n (%). 2 The medical city included Hamad General Hospital and 14 other specialized
hospitals. 3 Other: includes facilities that do not fall into the other types.
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Figure 1. Number of infections stratified by period. Infection data were deduplicated to keep the first
episode per patient per pathogen per 365 days. All pairwise comparisons of the number of infections
were statistically significant (p < 0.01), except between the first gradual lifting and second restrictions
period with Candida infections.

3.2. Age Distribution

Bacterial infections are most common in children ≤ 5 years of age, the middle age
group of 30–40, and the elderly ≥ 60. This trend was consistent throughout when stratified
by COVID-19 periods (Figure 2). As for Candida infections, the distribution is less consis-
tent. Infections were most common in the 20–30 years group pre-COVID-19 restrictions,
then shifted toward ≥60 years old during the pandemic. Additionally, Candida infections
were more common in females’ pre-restrictions. However, they became more common
in male patients after, as opposed to bacterial infections, which remain consistently more
common in females (Figure S6).
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Figure 2. Age distribution box plot. The line shows the moving average age across the periods.
The increase was significant in both cases (p < 0.01). The mean age increased from ~38 to ~42 for
bacterial infections (p < 0.01) and from ~47 to ~58 for Candida infections. Fourteen records did not
have an age.

The change in mean age for bacterial infections was statistically significant (p < 0.01)
between pre-restrictions and all other periods, the first gradual lifting and second restric-
tions periods, and between the second restriction and second incremental lifting periods
(Figure 2). Notably, the mean age increased throughout, except between the second re-
striction and gradual lifting periods, where it decreased (Table S2). As for Candida, the
only significant differences were between pre-restrictions and the other periods (p < 0.01).
The differences between the later periods were not significant. The increase in Candida
infection means age was higher than with bacterial infections.

3.3. Infection Type Distribution

The distributions of infection types are shown in Figure 3. Bacterial UTIs are the most
common throughout the period, followed by wound/SSTIs, RTIs, and sterile site infections.
Despite the significant decrease in infection episodes following the pandemic, the overall
distribution of bacterial infection categories remains consistent. Conversely, the distribution
of Candida infections is not consistent. Pre-restrictions and wound/SSTIs were the most
common, followed by sterile site infections. However, sterile site infections became more
common during the pandemic. Stratifying by patients’ sex, sterile site Candida infections
were more common in males, and the number of female patients decreased during the
pandemic (Figure S7).



Microbiol. Res. 2024, 15 2498
Microbiol. Res. 2024, 15, FOR PEER REVIEW  6 
 

 

 
Figure 3. Number of infections stratified by type and COVID-19 period. The infection type was de-
cided using the orderable name from the hospital and the sample type. 

3.4. Association with COVID-19 Metrics 
The number of days is not equal between the defined periods. Thus, the data were 

analyzed more using daily and monthly infections (Figure 4). The number of bacterial 
infections was lowest during both restriction periods, and there was a reduction in infec-
tions in August 2019. On the other hand, Candida shows the opposite trend, with peaks 
toward the end of the restriction periods. 

These trends suggest a correlation between the number of infections and the COVID-
19 pandemic measures and associated factors. A Spearman Rank correlation test shows 
that there is a moderate correlation between the number of incoming international travel-
ers and bacterial infections (ρ = 0.61, p < 0.01; Figure S8), as well as moderate positive 
correlations between the number of Candida infections and both the Containment Health 
Index (an aggregate of containment and closure policies indices and health system poli-
cies; ρ = 0.5, p < 0.01) and the number of hospitalized COVID-19 patients (ρ = 0.6; p = 0.011; 
Figure S9). 

Figure 3. Number of infections stratified by type and COVID-19 period. The infection type was
decided using the orderable name from the hospital and the sample type.

3.4. Association with COVID-19 Metrics

The number of days is not equal between the defined periods. Thus, the data were
analyzed more using daily and monthly infections (Figure 4). The number of bacterial
infections was lowest during both restriction periods, and there was a reduction in infections
in August 2019. On the other hand, Candida shows the opposite trend, with peaks toward
the end of the restriction periods.

These trends suggest a correlation between the number of infections and the COVID-19
pandemic measures and associated factors. A Spearman Rank correlation test shows that
there is a moderate correlation between the number of incoming international travelers and
bacterial infections (ρ = 0.61, p < 0.01; Figure S8), as well as moderate positive correlations
between the number of Candida infections and both the Containment Health Index (an
aggregate of containment and closure policies indices and health system policies; ρ = 0.5,
p < 0.01) and the number of hospitalized COVID-19 patients (ρ = 0.6; p = 0.011; Figure S9).

Stratifying the number of infections by infection type shows an interesting trend with
bacterial infections. Respiratory infections have an opposite trend to the overall number of
infections, with peaks within restriction periods (Figure 5). This trend was correlated with
the number of hospitalized COVID-19 patients (ρ = 0.59, p = 0.013).
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Figure 4. Daily and monthly bacterial and Candida infections. The top figures show the total
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3.5. Pathogens Diversity

At least 364 bacterial species from 125 genera caused bacterial infection episodes. The
most common genera were Escherichia, Staphylococcus, Klebsiella, Pseudomonas, and
Enterococcus. The distribution of these genera follows the same trend as the total number
of infections (Figure 6). Notably, the proportion of Mycobacteria infections decreased
significantly during the pandemic. As for Candida, the predominant species was albicans,
followed by glabtara and auris (Figure 6).
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4. Discussion

Several studies investigated the trends in co- and secondary bacterial infections in
COVID-19 patients [10,11]. Other studies investigated COVID-19 and non-COVID-19
patients but focused on hospital-acquired infections (HAIs) [16–23]. These studies found
an increase in the rate of HAIs during the COVID-19 pandemic, particularly in intensive
care units (ICUs) and device-associated infections such as catheter-associated infections.
The noticeable increase in HAIs has been implicated in increased pressure on healthcare
facilities and disruption of routine practices. Interestingly, a study in Italy noted that while
there was an increase in HAIs in internal medicine wards, which showed more patient
pressure during the pandemic, long-term care wards showed a decrease [18]. The study’s
observed reduction in bacterial infections in long-term care units during the pandemic,
despite increased hospital pressures, is intriguing and merits further investigation. This
phenomenon might be linked to stringent infection control practices in such settings, in-
cluding restricted visitation, heightened hygiene protocols, and focused resource allocation.
These measures could have curbed bacterial transmission. Alternatively, the decline might
indicate underdiagnosis or underreporting, possibly caused by limited healthcare access
and diagnostic constraints during the pandemic. Whether this trend represents an isolated
occurrence or reflects a global pattern remains uncertain. Comparative, cross-system analy-
ses are essential to assess the broader relevance of these findings. Since most secondary
and related pathology of COVID-19 were conducted at secondary care facilities, there is
minor community-acquired infection (CAI) data and data related to the dynamics of the
social restrictions. While the data in this study does not differentiate between HAIs and
community-acquired infections (CAIs) since it included PHCCs and outpatient clinics,
the study’s strength is the inclusion of all infections across the healthcare network, which
gives a better overview of national epidemiology. Most infections were bacterial at 98.8%
compared to Candida at 1.2% (Table 1). Unlike other epidemiological and surveillance
studies during the COVID-19 pandemic for primary and secondary infectious diseases, the
mean young age of the cohort (38 years) reflects the represented country’s young popula-
tion [24]. While the gender ratio in Qatar’s population is approximately 3:1 male-to-female,
infections are more prevalent in females (https://www.psa.gov.qa/, URL accessed on 8
June 2022). This is likely because UTIs are the most common infections and have a higher
incidence in females (Figure 3 and Figure S7) [25].

As for the changes through the COVID-19 pandemic, the results show that the total
number of bacterial and Candida infection episodes decreased during both periods of social
restriction and increased during the lifting of social constraints (Figure 1). This is obvious
for bacterial infection episodes, which were statistically significant. The pattern is likely
due to the lower exposure to communicable diseases and intensified awareness of infection
prevention and control measures during the restriction periods or might be due to under-
reporting because of limited access to healthcare. There was also a pronounced bounce
back of increased infection episodes following the second restrictions period compared to
the first. This may be due to waning adherence to infection prevention and control mea-
sures over time, which was clear with the progress of the pandemic. Moreover, infections
during the evolving pandemic might be more common in COVID-19 patients than others,
especially for long-term affected patients.

As for Candida species infection episodes, the pattern is different. During the first
restriction period, a significant reduction in reported episodes was followed by a surge that
persisted throughout, albeit less than before. Since invasive candidiasis is a recognized
complication of COVID-19 disease and a significant cause of morbidity and mortality in
patients admitted to critical care, it is plausible to extrapolate that patients admitted dur-
ing the first pandemic wave with severe disease were admitted to ICU and subsequently
developed severe invasive fungal infection [26,27]. This observation is supported by the
dynamics of the pandemic time frame when the number of hospitalized COVID-19 patients
peaked during the second restrictions period (Figure S2), as well as the significant shift in
epidemiology when Candida species isolated from sterile sites, specifically bloodstream

https://www.psa.gov.qa/
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infections replaced other categories throughout the epidemic (Figure 3). Furthermore, Can-
dida infections are more common in older patients with chronic comorbidities in critical
care settings [26]. As previously described, these mounting risk factors readily accumu-
late in patients with COVID-19 [26,27]. From the results, the shift in epidemiology was
accompanied by a right shift in patient age not seen with bacterial infections, signifying
older patients are more likely to be affected by Candida infection episodes (Figures 2 and 3).
The observation that older adults were more susceptible to Candida infections during the
pandemic aligns with existing evidence that chronic comorbidities significantly increase the
risk of opportunistic fungal infections. Conditions such as diabetes [28], and cardiovascular
diseases [29], prevalent in older populations, are known to weaken immune defenses, par-
ticularly in critical care settings. The intensive care setting introduces additional risk factors
for Candida infections, including the use of broad-spectrum antibiotics, invasive procedures
such as central venous catheters, and immune suppression therapies, which are commonly
employed in managing critically ill patients. These factors create an environment conducive
to fungal colonization and infection [30]. During the COVID-19 outbreak, the surge of
critically ill patients requiring intensive care further amplified these risks. Many of these
patients, particularly those with severe COVID-19, were subjected to prolonged mechanical
ventilation, immune-modulating therapies, and high-dose corticosteroids, all of which have
been associated with an increased incidence of invasive candidiasis [31]. The pandemic’s
impact on healthcare delivery, characterized by overburdened ICUs and prioritization of
COVID-19 management, may have contributed to the increased susceptibility of older
adults with chronic conditions to Candida infections. Additionally, delays in diagnosing
and treating these infections due to the focus on managing COVID-19 patients could have
intensified the observed trends.

The change in the influx of travelers and country population characteristics should be
examined to explore other concomitant explanations for the noticeable shift in epidemiology
for both bacterial and Candida infections. A sizable proportion of the country’s population
is immigrant workers from neighboring Asia, African, and Middle Eastern countries
(88.4%) [24]. For instance, following the imposed travel and social restrictions in March
2020, bacterial respiratory infections were reduced significantly, and examined against
the substantial reduction in the number of travelers and migrant workers coming into
the country while the local population was static [32]. There was a moderate association
between the number of bacterial infections and international travelers. On the other hand,
Candida infections were associated with the number of hospitalized COVID-19 patients that
peaked during the restriction periods, supporting the observation of increased infections in
high-risk patients.

In addition to changes in the number of infections, a reduction in species diversity
was observed. The most notable is the decrease in mycobacterial infections (Figure 6). This
decrease may be due to a mixture of factors. For example, infection control and prevention
measures, such as respiratory masks, social distancing, and restrictions, can affect infec-
tivity since the pathogen relies on close contact. Secondly, a previous study showed that
immigrant workers are Qatar’s primary source of new tuberculosis infections [32]. Thus,
travel restrictions may have reduced this route. Furthermore, even though the influence
of current or previous TB infection or vaccination on the COVID-19 pandemic has been
debated, no conclusive evidence was established of the direct impact of TB infection on
COVID-19 disease. Still, indeed, from a global perspective, the pandemic has a negative
impact on the propagation of the TB disease [33,34].

Lastly, for Candida species, the most notable change was with the rare but notorious
species of Candida auris (Figure 6). The analysis revealed a noticeable shift in the diversity
of Candida species during the pandemic, with Candida auris emerging more prominently.
This species, known for its multidrug-resistant properties, became a significant concern
during the pandemic period [35]. Candida auris presents unique challenges due to its high
transmissibility, resistance to multiple antifungal agents, and persistence on environmental
surfaces. These characteristics make eradication in healthcare settings exceptionally dif-
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ficult. The pandemic’s strain on healthcare systems, including overburdened ICUs and
stretched infection control resources, likely contributed to the establishment and spread of
this pathogen in vulnerable settings [35]. The pandemic environment, marked by increased
use of corticosteroids, prolonged hospitalizations, and widespread antibiotic use, likely
created favorable conditions for opportunistic infections like Candida auris. The shift in
epidemiology toward more invasive Candida infections, particularly bloodstream infec-
tions, highlights the compounding effects of these risk factors [36]. Before the pandemic,
Candida infections were predominantly caused by species like Candida albicans. However,
the increased isolation of Candida auris during the pandemic period, replacing other less
resistant species, underscores the pathogen’s adaptability and the heightened risk profile
of pandemic-era healthcare settings [37,38]. The first Candida auris case was reported in
Qatar just before the pandemic in 2018 at a critical and unfortunate time [39]. Following
being established in the healthcare facility, pandemic progression and associated critical
care patients exposed to all highlighted risk factors contributed to this noticeable shift
in epidemiology. To support that assumption, when a retrospective study of 36 cases of
Candida auris fungemia was reviewed between 2018 and 2021, crossing the pandemic
course, the majority occurred in patients who acquired long-term complications following
primary COVID-19 infection [40].

Across the globe, the evolving COVID-19 pandemic changed the delivery of healthcare
like never before, including epidemiology, clinical outcomes, and social and economic con-
sequences. Examination of the effects of the pandemic interventions can prepare healthcare
in all sectors for future events. The study showed a substantial reduction in bacterial and
Candida infection following the first restriction, followed by a coordinated rise and fall
for bacterial infections with subsequent restrictions but a persistent trend for Candida
infections that shifted toward invasive disease. The trends correlated with the total number
of hospitalized COVID-19 patients for Candida and the influx of international travelers
for bacteria, suggesting the influence of the viral pandemic on other related infections and
the influence of travel on the pandemic. While the study supplies a general overview of
infection trends in the country, further research is needed to understand underlying trend
dynamics better. For example, comparative studies to examine community as opposed
to hospital infections or hospitalized versus non-hospitalized patients with or without
COVID-19 disease will be of scientific value. Finally, exploring associated evolved microbio-
logical and antimicrobial characteristics such as resistance will improve our understanding
of the impact and sequelae of the pandemic.

The results herein provide a general overview of the infection trends in Qatar during
the COVID-19 pandemic and illustrate some of the pandemic interventions’ effects on
bacterial and Candida infections. However, further research is needed to understand the
underlying trend dynamics better.

5. Recommendations for Managing Bacterial and Fungal Infections in Future Pandemics

The findings of this study underscore the need for proactive strategies to manage
bacterial and fungal infections during pandemics or global health crises. Strengthening
infection prevention and control measures in healthcare settings is essential. This includes
implementing stringent hygiene protocols, such as frequent surface disinfection, appro-
priate use of personal protective equipment (PPE), and regular hand hygiene practices.
Additionally, routine environmental monitoring in critical areas, especially intensive care
units (ICUs), is crucial for early detection and control of opportunistic pathogens like
Candida auris.

Antimicrobial stewardship must be prioritized to mitigate the risks of resistance
development during periods of increased antibiotic and antifungal usage. Healthcare
systems should adopt tailored treatment guidelines focusing on targeted therapies for
co-infections, avoiding the overuse of broad-spectrum agents. Simultaneously, protecting
high-risk populations, including older adults and patients with chronic comorbidities, is
vital. ICUs should be equipped with specialized teams and resources to manage invasive
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fungal and bacterial infections effectively. Targeted interventions for vulnerable groups can
further minimize adverse outcomes.

Investments in diagnostic and surveillance capacities are equally critical. Rapid di-
agnostic tools should be widely available to enable the early identification of infections,
including resistant strains. At the same time, integrated surveillance systems can track
infection trends and pandemic metrics in real time. Such data can inform timely and effec-
tive interventions. Healthcare infrastructures must also be bolstered, with expanded ICU
capacities and enhanced training programs for healthcare workers on infection prevention
and management strategies during pandemics.

Finally, global collaboration is indispensable for addressing these challenges. Data
sharing on infection trends and resistance patterns, along with the development of globally
standardized protocols, can facilitate unified responses to bacterial and fungal infections
during health emergencies. By adopting these measures, healthcare systems can mitigate
the burden of secondary infections and improve outcomes during future pandemics.

6. Limitations of the Study

Perhaps the most important limitation of this study is that the study does not distin-
guish between community-acquired and hospital-acquired infections, which could affect
the interpretation of the trends observed during different pandemic periods. In addition,
changes in healthcare access and reporting standards during the pandemic may have
affected the number of reported infection episodes, potentially leading to underreporting
during restriction periods. Furthermore, the study’s retrospective nature limits the ability
to establish causal relationships. Lastly, the findings are based solely on data from Qatar,
which may limit the generalizability of the results to other regions with different healthcare
systems, population demographics, and pandemic responses. Finally, while this study
provides an overview of infection trends during the pandemic, it does not explicitly analyze
the potential impact of COVID-19 vaccination on bacterial and Candida infections. This
represents an important area for further exploration, given the extensive global rollout of
vaccines during this period.
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