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ABSTRACT

Background: Antimicrobial resistance (AMR) poses a significant global threat to public
health and safety. To address this challenge, antimicrobial stewardship programs (ASPs)
play an important role in optimizing antimicrobial use, reducing adverse effects, and
lowering healthcare costs. Integrating advanced diagnostics like MALDI-TOF MS
enhances ASP effectiveness, potentially improving antimicrobial use, lowering AMR
rates, and bettering patient outcomes. Objective: This study aimed to evaluate the
clinical impact of implementing MALDI-TOF MS alongside ASP on the outcomes of
PICU patients with various infections at Cairo University Specialized Pediatric Hospital
(CUSPH). Method: A prospective cohort study was conducted in the PICUs at CUSPH.
The 13-month study was divided into three phases: pre-implementation (baseline
assessment), implementation (establishing guidelines and ASP orientation), and post-
implementation. Key ASP indicators, such as length of stay, cure rate, mortality rate,
length of therapy, and days of therapy, were measured. Results: In the post-
implementation phase, both the average length of stay and mortality rate showed a
notable decrease, with p-values of 0.059 and 0.06, respectively, suggesting a trend
toward significance. The cure rate increased (p = 0.06). Additionally, the use of
amphotericin significantly decreased (p = 0.03), while the use of cefepime (p = 0.002),
clindamycin (p = 0.01), and linezolid (p = 0.03) increased. Klebsiella pneumoniae was
the most isolated organism, accounting for 21% of cases. Conclusion: Integrating
MALDI-TOF MS with ASP significantly reduce time to organism identification,
improving time to optimal antibiotics therapy, with positive outcome measures including

shortening hospital stays, increasing cure rate, and lowering mortality rates.

INTRODUCTION

Antimicrobial resistance (AMR) is one of the most
pressing challenges in healthcare, The widespread and
sometimes indiscriminate use of these drugs has
accelerated the rise of resistant bacteria, making it
increasingly difficult to treat even common infections.
This growing resistance not only complicates treatment
but also leads to longer hospital stays and higher
healthcare costs™.

In the fight against AMR, antimicrobial stewardship
programs (ASPs) have become a vital weapon. ASPs
are designed to ensure that antibiotics are used wisely
and only when necessary, helping to prevent the overuse
and misuse of antimicrobials. These programs also
focus on minimizing the side effects of antimicrobial
treatments, such as drug toxicity and harmful
interactions, while aiming to reduce overall healthcare

expenses. By adhering to evidence-based guidelines and
encouraging thoughtful prescribing, ASPs are crucial in
decreasing the spread of multidrug resistant organism
(MDROs)>?.

Complementing  ASPs, advanced  diagnostic
technology offers new possibilities for improving
infection management. One of the most exciting
developments is Matrix-assisted laser desorption-
ionization time of flight mass spectrometry (MALDI-
TOF MS). This technology allows for the rapid and
precise identification of microorganisms at the species
level, often within just 20 minutes. The swift and
accurate results provided by MALDI-TOF MS are
particularly critical in the management of urgent cases
such as sepsis and pneumonia, where timely diagnosis is
key to effective treatment. By quickly identifying
pathogens, MALDI-TOF MS enables targeted therapy,
which can significantly enhance patient outcomes and
reduce the length of hospital stays®.
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We aimed in our study to evaluate the clinical
impact of implementing MALDI-TOF MS and ASP, by
creating clinical guidelines based on local epidemiology
and antimicrobial susceptibility. We assessed the ASP's
effect on optimizing antibiotic use, reducing
expenditure, shortening therapy and hospital stays, and
enhancing patient outcomes.

METHODOLOGY

Study Setting:

This prospective cohort study was conducted in 3
Pediatric Intensive Care Units (PICUs) at Cairo
University Specialized Pediatrics Hospital (CUSPH), a
pediatric tertiary care teaching hospital.

Inclusion Criteria:

All patients admitted to the 3 PICUs of the CUSPH
during the study period were included in this study.
Study Design:

The study was conducted on randomly selected 120
patients across the three PICUs from September 2022 to
September 2023. The study was structured into three
distinct phases: a pre-implementation phase from
September 2022 to February 2023 (40 cases), an
implementation phase from March 2023 to June 2023
(40 cases), and a post-implementation phase from July
2023 to September 2023 (40 cases).

Phase 1: Pre-Implementation Phase

Objective: To assess the baseline antimicrobial
prescribing practices, resistance patterns, and clinical
outcomes related to antimicrobial use.

Activities:

e Conducted a comprehensive evaluation of current
antimicrobial prescribing practices.

e Examined clinical outcomes associated with
antimicrobial therapy.

Phase 2: Implementation Phase

Objective: To establish and implement facility-specific
antimicrobial stewardship guidelines based on our local
disease epidemiology and antimicrobial susceptibility
data.

Activities:

e Formed a multidisciplinary ASP team comprising
infectious  disease  specialists,  pharmacists,
microbiologists, infection preventionists, and
hospital administrators.

218

o Developed evidence-based antimicrobial guidelines
tailored to our local epidemiology and
susceptibility patterns.

e Provided education and training sessions for
healthcare providers on antimicrobial resistance,
appropriate antimicrobial use, and adherence to
ASP guidelines.

o Implemented ASP core elements, including regular
updates to guidelines and protocols.

Phase 3: Post-Implementation Phase

Obijective: To evaluate the impact of the implemented
ASP on clinical outcomes compared to the pre-
implementation phase.

Activities:

e Measured ASP indicators such as length of hospital
stay, mortality rates, cure rates, days of therapy,
and length of therapy.

e Compared clinical outcomes between the pre-
implementation and post-implementation phases to
determine the effectiveness of the ASP.

ASP design:

ASP design was conducted by the clinical
microbiology staff in collaboration with the departments
of pediatrics and pharmacy. Antimicrobial stewardship
strategic plans were approved by all ASP team members
and disseminated to all PICU staff members in
preparation for implementation.

During the implementation and post-implementation
phases, the steps for antimicrobial prescription were as
follows:

e Clinicians ensured culture specimens were taken
before starting empiric antimicrobial therapy.

e ASP physician leader and clinical pharmacist revise
and approve prior authorization request form for
each targeted empiric antimicrobial agent, which
was typically granted for 48 hours until culture and
sensitivity results were available.

o If culture and sensitivity results were not yet
verified, the physician contacted the ASP team to
request re-evaluation and approval for continued
use of the empiric antimicrobial therapy.

Antimicrobial Prescription Guidelines:

In our hospital, empirical therapy was initiated upon
patient admission, guided by the diagnosis following
Infectious Diseases Society of America guidelines
(IDSA) and tailored based on our local epidemiology
and antibiogram.
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Antimicrobial prescription was classified into 2 categories according to the need for prior approval (authorization

request form):

Antibiotics not requiring prior approval

Antibiotics must be according to cultures and need
prior approval

- Amoxycillin/flucloxacillin
- Amoxicillin/clavulanic acid
- Ampicillin/sulbactam

- Amikacin

- Gentamycin

- Acyclovir

- Azithromycin

- Cefobid

- Ceftazidime

- Ceftriaxone

- Cefotaxime

- Cefipime

- Ciprofloxacin

Meropenem
Imipenem
Ertapenem
Levofloxacin
Tigecycline
Colistin
Vancomycin
Tiecoplanin
Linezolid
Piperacillin Tazobactam
All antifungals

Microbiology Workup:

All pathogens retrieved from different patients’
samples were identified using MALDI-TOF MS
following manufacturer’s instructions. Identified
microorganisms were reported immediately along with
their specific antibiograms, reducing the time to
organism identification and allowing for the de-
escalation of empirical antibiotic prescriptions based on
our customized antimicrobial susceptibility patterns.

For critical samples like blood and body fluid
cultures, antimicrobial susceptibility testing (AST) was
performed using the VITEK®2 Compact system. For
other cultures, AST was performed using disk diffusion
method. All AST were interpreted according to the
latest CLSI guidelines®.

Data collection & metrics:

Data collection included name; age; sex; date of
admission; date of discharge; clinical diagnosis;
outcome of the patient; indication, and proof of
infection at the start of antibiotic therapy; 48 hours and
5 days reviews of therapy; MALDI-TOF result; time to
micro-organism identification and antimicrobial
susceptibility testing (AST) results. Different metrics
tools were assessed and compared in pre-
implementation phase 1 versus post-implementation
phase 3: Turnaround time to pathogen identification and
total turnaround time (TAT); process measures (days of
therapy “DOT” & length of therapy “LOT”); and
outcome measures (mortality rate, cure rate & length of
stay)®.

Statistical analysis

Data analysis was conducted with SPSS version 24.
Descriptive statistics, including mean and standard
deviation, were used to summarize normal quantitative
data, while median and interquartile range were applied
for abnormal quantitative data. Frequencies were used

to summarize qualitative data. Bivariate relationships
were examined using cross-tabulations, with chi-square
and Fisher’s exact tests used for comparing proportions.
The independent t-test was employed to compare
normally distributed quantitative data, while the Mann-
Whitney U test was used for skewed data. Statistical
significance was determined with p value of less than
0.05.

RESULTS

Patient Demographics and Diagnosis:

A total of 120 patients admitted to 3 PICUs at
CUSPH were randomly selected during the pre-
implementation, implementation, and post-
implementation phases, with 40 patients in each phase;
63% (n=76) were males, and 37% (n=44) were females.
The primary reason for antimicrobial prescriptions was
pneumonia, accounting for 40% (n=48) of the cases,
followed by sepsis 33% (n=39) and post-operative cases
17% (n=20).

Isolated microorganisms:

The majority of organisms isolated during the study
were Klebsiella pneumoniae, accounting for 21%
(n=25) followed by Staphylococcus hominis (18%,
n=18), Pseudomonas aeruginosa (13%, n=15), and
Methicillin-resistant Staphylococcus aureus (MRSA)
(9%, n=11).

Change of percent susceptibility of organisms:

Change of percent susceptibility of the 4 most common
isolated organisms (Klebsiella pneumoniae,
Pseudomonas aeruginosa, Staphylococcus hominis &
methicillin resistant Staphylococcus aureus “MRSA”)
to different antibiotics are summarized in tables 1 & 2.
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Table 1: Change of percent susceptibility of gram-negative organisms

Klebsiella pneumoniae Pseudomonas aeruginosa
Antibiotic Phase 1 | Phase 2 | Phase 3 | Change in %S* | Phase 1 | Phase 2 | Phase 3 | Change in %S*
Imipenem 14% 14% 0% Decreased 0% 67% 0% Decreased
Meropenem 0% 13% 0% Decreased 17% 50% 0% Decreased
Co-trimoxazole | 11% 0% 20% Improved -- -- -- --
Amikacin 33% 17% 0% Decreased - - - -
Gentamicin 14% 14% 0% Decreased - - - -
Tigecycline 29% 50% 67% Improved -~ -~ -~ -~
Levofloxacin 0% 13% 0% Decreased 60% 67% 20% Decreased
Ciprofloxacin | 0% 0% 13% Improved 50% 50% 20% Decreased
Colistin - 13% 60% Improved 100% 100% 100% No change
Cefepime 0% 0% 14% Improved 0% 67% 0% Decreased
Aztreonam -- -- -- -- 20% 50% 80% Improved

*%S = Percent sensitivity

Table 2: Change of percent susceptibility of gram-positive organisms

MRSA Staphylococcus hominis
Antibiotic Phase 1 | Phase 2 | Phase 3 | Change in %S* | Phase 1 | Phase 2 | Phase 3 | Change in %S*

Vancomycin 100% 100% 100% No change 100% 100% 100% No change
Linezolid 100% 100% 100% No change 100% 100% 100% No change
Teicoplanin 100% 100% 100% No change 100% 100% 100% No change
Doxycycline 25% 67% 100% Improved -- -- -- --

Erythromycin 14% 33% 100% Improved 0% 40% 0% No change
Clindamycin 14% 67% 100% Improved 0% 60% 71% Improved
Co-trimoxazole | 29% 67% 100% Improved 50% 57% 43% Decreased
Ciprofloxacin | 0% 33% 100% Improved 67% 71% 71% Improved
Levofloxacin 29% 67% 100% Improved 75% 86% 71% Decreased
Gentamicin 0% 33% 0% Decreased 50% 57% 71% Improved

*%S = Percent sensitivity

Turnaround time:
MALDI-TOF MS led to a statistically significant decrease (p-value <0.001) in TAT for pathogen identification by 1 day
(from 3 days to 2 days) (Figure 1).
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Fig. 1: The average turnaround time (TAT) to pathogen identification compared to average

Total turnaround time in three phases
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Process Measures:
Days of therapy (DOT)

The Days of Therapy per 1000 Patient Days
increased from 1884 days/1000 PD in Phase 1 versus
2541 days/1000 PD in Phase 3, with no statistical
significance (P = 0.219).

Length of Therapy (LOT)

The Length of Therapy per 1000 Patient days
significantly increased from 896 days/1000 PD in Phase
1 versus 927 days/1000 PD in Phase 3 (P = 0.01).

Days of Therapy for Each Antimicrobial:

All through the 3 phases, there was a statistically
significant decrease in the use of amphotericin B (P =
0.03). Conversely, there was a statistically significant
increase in the use of cefepime (P = 0.002),
clindamycin (P = 0.01), and linezolid (P = 0.03) (Table
3).

Table 3: Days of Therapy/1000 patient Days for Each Antimicrobial in the 3 Phases

Antimicrobial Phase 1 (PD* 1301) | Phase 2 (PD* 923) | Phase 3 (PD* 490) | P value
Vancomycin 109 238 273 0.48
Meropenem 530 616 482 0.54
Imipenem 27 0 55 0.35
Ampicillin sulbactam 40 23 0 1.0
Piperacillin tazobactam 23 12 104 0.9
Cefepime 100 176 231 0.002
Ceftriaxone 19 7 0 0.56
Ceftazidime 3 9 8 0.26
Amikacin 52 34 37 0.6
Gentamicin 2 18 14 0.2
Tigecycline 17 79 80 0.94
Ciprofloxacin 38 31 65 0.79
Levofloxacin 58 100 55 0.42
Colistin 331 352 245 0.26
Clindamycin 21 46 127 0.01
Azithromycin 0 4 0 -
Ceftazidime avibactam 85 78 84 0.34
Linezolid 179 94 247 0.03
Teicoplanin 9 0 33 0.12
Ertapenem 24 34 0 0.32

*PD = Patient days

Outcome Measures
Length of stay

The average length of stay decreased from 32.5 days
in Phase 1 to 12.25 days in Phase 3 (P = 0.059),
indicating an improvement though not statistically
significant.
Mortality rate and cure rate

The mortality rate decreased from 33% in Phase 1 to
23% in Phase 3, while the cure rate increased from 68%
in Phase 1 to 78% in Phase 3 (P = 0.06 for both).

DISCUSSION

Several studies have shown that combining MALDI
TOF MS identification with antimicrobial stewardship
intervention improves patient outcomes compared to
standard organism identification approaches. However,
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this combination is only available at a few institutions,
indicating that more research was required®.

The distribution of the isolated organisms in our
study showed that, Klebsiella pneumoniae was the most
prevalent organism (21%), followed by Staphylococcus
hominis (18%), Pseudomonas aeruginosa (13%), and
MRSA (9%), which aligns with some previous research,
such as Campos et al.”, who also noted the
predominance of Klebsiella pneumoniae  and
Acinetobacter baumannii in their study and with
Kamath® who reported that Klebsiella pneumoniae as
the commonest pathogen (38.7%).

However, our study disagreed with Cavalieri et al.’,
where E. coli (30%) was reported as the most common
isolate followed by methicillin-sensitive S. aureus
(MSSA) (9%), Streptococcus pneumoniae (8%), and
Pseudomonas aeruginosa (7%) However, these
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discrepancies could be due to epidemiological
variations.

In our study, MALDI-TOF MS resulted in a
significant reduction in the average time to organism
identification across the 3 phases when compared to the
total TAT (from 3 days to 2 days, p<0.01) leading to a
quicker and much more accurate identification process
across the three phases of the study allowing for faster
and potentially more targeted empiric treatment.

Our findings were similar to Uzuriaga et al.™, who
observed a statistically significant decrease in the
microbiological identification time by MALDI-TOF MS
in the intervention group when compared to the control
group where microbiological identification was done
using conventional method (11.44 h CG vs. 448 h IG (p
<0.01) allowing for rapid communication of
microbiological identification to clinicians and early
optimization of antibiotic prescription.

Notably, implementing our intervention was
associated with a marginally significant reduction in the
average length of hospital stays, from a mean of 32.5
days in the pre-implementation phase to 12.2 days in the
post-implementation phase (P=0.059). This
improvement in efficiency and the reduced length of
hospital stays can contribute to better capacity for
providing medical services, especially in an
overcrowded tertiary hospital.

Our findings were similar to Wassef et al.™, who
observed a significant decline in the mean length of
hospital stays from a mean of 10.66 days to 9.16 days
post-implementation, and Campos et al. ’, who reported
significantly lower length of stays in the intervention
period (44 days vs. 39 days; p = 0.005). Additionally,
Renk et al.”, reported a decrease in the mean PICU
length of stay from pre-implementation (6 days) to post-
implementation (5 days) supporting the idea that
interventions or changes in procedures can impact on
the duration of hospitalization, where reducing the
length of hospital stays can have various positive
implications, including better resource utilization,
improved patient flow, and potentially lower healthcare
costs.

The reduction in mortality rate was observed in our
study from 33% in Phase 1 to 23% in Phase 3 (P =
0.06), as well as the increase in the cure rate from 68%
in Phase 1 to 78% (P = 0.06), in Phase 3, suggests a
positive impact of the intervention on patient outcomes,
our findings align with Wassef et al. ™, who also
reported a decrease in overall mortality from 31.1% to
24.8%.

It's interesting to note the discrepancy with Chorafa
et al.”®, where no increase or, in some cases, a reduction
in mortality rate was reported after the intervention in
eight out of eleven studies. Similarly, Aiesh et al.**,
reported that the mortality mean was 2.34 + 0.57 in the
pre-ASP period, while the mean was 2.88 *+ 0.95 in the
post-ASP  period. However, these discrepancies

IlO
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highlight the complexity of antimicrobial stewardship
programs and their impact on mortality rates.

In our study, we observed that the total days of
therapy (DOT) per 1000 patient days did not decrease
and actually showed a slight, insignificant increase in
Phase 3 (2,541 days/1000 PD) compared to Phase 1
(1,884 days/1000 PD) (P value=0.219). This is likely
due to the high rate of multidrug-resistant organisms
(MDRO) in the study population, leading physicians to
prescribe double or even triple antibiotics to combat this
resistance. Additionally, this can be explained by the
short period of this study. It may need to be conducted
on a larger scale and over a longer duration period to be
able to reduce antibiotic resistance efficiently which
needs a longer period of strict implementation of
properly monitored ASP.

This finding was similar to the results reported by
Kazzaz et al.™, who noted a rising trend in total
antibiotic consumption over time. We suggest that this
increase might be attributed to the prevalence of
multidrug-resistant (MDR) organisms and the
challenges associated with their treatment.

Our finding contrasts with Renk et al.*, where a
significant reduction in total DOT/1000 PD of the PICU
stays from 1226 to 1000 (p = 0.005) was reported in the
post-implementation period. Alfraij et al.’®, 2023, also
reported an overall reduction in DOT after
implementing Tele-ASP from 922 to 485 DOT/1000 PD
(p <0.05).

The discrepancies in findings could stem from
various factors, including differences in patient
populations, interventions implemented, and the nature
of the antimicrobial resistance landscape in each study
setting.

In our study, the length of therapy/1000 patient days
significantly increased from 896 PD/1000 PD in Phase 1
to 927 PD/1000 PD in Phase 3 (P<0.01), This increase
could be attributed to the same causes mentioned
earlier.

This contrasts with Renk et al.”, where LOT/1000
PD was reduced insignificantly by 83 days (p = 0.09).
Also, Wassef et al.'* and Chorafa et al."®, observed a
significant reduction in the length of therapy from 1502
days to 1318 days (p = 0.001) and from 8.8 + 7.8 days
in 2017 to 6.7£3.8 days in 2018, (P=0.036)
respectively.

Our study showed positive effect of the ASP in
optimizing some antimicrobial DOT in phase 3
compared to phase 1 including meropenem (from 530 to
482/1000 PD, p=0.054), levofloxacin (58 to 55/1000
PD, p=0.42), colistin (331 to 245/1000 PD, p=0.26) and
ceftazidime avibactam (85 to 84/1000 PD, p=0.34).
This agreed with Renk et al., who stated that Mean
carbapenem utilization decreased by 44%, particularly
for meropenem by 49%, which was marginally
significant (p = 0.07) [12]. Wassef et al.*! reported a
significant decrease in DOT regarding ceftazidime,
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ceftriaxone, amikacin, cephalosporins, aminopenicillins
with beta-lactamase, piperacillin-tazobactam,
meropenem,  ciprofloxacin, all  aminoglycosides,
trimethoprim-sulfamethoxazole, = vancomycin,  and
metronidazole in the post-implementation phase, and
Chiotos et al.'’ who stated that overall vancomycin
DOT per 1000 patient days in the PICU decreased from
a baseline mean of 182 DOT per 1000 patient days to
109 DOT per 1000 patient days (a 40% reduction).

An improvement was observed in the susceptibility
of Pseudomonas aeruginosa to Aztreonam and
decreased susceptibility to amikacin, meropenem,
ciprofloxacin, levofloxacin, piperacillin/tazobactam and
gentamicin in Phase 3 compared to Phase 1. This
disagreed with the findings of Aiesh et al."*, who
reported a statistically significant increase in the
susceptibility of Pseudomonas aeruginosa to amikacin,
gentamicin, tobramycin, ciprofloxacin, meropenem,
piperacillin, and piperacillin/tazobactam.

Additionally, Sid Ahmed et al.*® reported a decrease
in the resistance patterns of multidrug-resistant
Pseudomonas aeruginosa to piperacillin/tazobactam,
meropenem, ciprofloxacin, and amikacin.

In our study, we observed improved susceptibility to
Co-Trimoxazole, Tigecycline, Colistin, Cefepime, and
Ciprofloxacin  while decreased susceptibility for
meropenem and imipenem in Klebsiella pneumoniae in
Phase 3 compared to Phase 1. This contrasts with the
findings of Elsawah et al."®, who reported a decrease in
the incidence of carbapenem-resistant Klebsiella from
85.25% of total Klebsiella isolates to 48.6%.

CONCLUSION

The synergy between ASPs and MALDI-TOF MS
represents a groundbreaking approach to tackling AMR.
Combining the strategic oversight of antimicrobial use
with the advanced diagnostic capabilities of MALDI-
TOF MS offers a powerful dual strategy. This
integration not only sharpens diagnostic accuracy but
also fine-tunes antimicrobial stewardship, leading to
improved patient care and a stronger defense against
AMR.

LIMITATIONS

o Relatively small sample size and short observation

period.
e Lack of financial resources and an effective IT
electronic ~ system  linking  multidisciplinary

departments, which may have impacted data
collection and analysis.

e Highly prevalent multidrug-resistant organisms
(MDROs) resulted in prescription of multiple
antimicrobial agents to overcome this resistance.
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