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Abstract

Pharmaceutical pediatric products—whether sterile or non-sterile—must meet
the relevant microbiological quality standards to ensure safety and efficacy. During
production and use, many pharmaceutical pediatric products are vulnerable to
contamination from a wide range of microbial species. Young children under
5 years of age and infants are particularly vulnerable to harmful and accidental
infections due to their immature immune systems and limited prior exposure to
antigens. When these young children consume pharmaceutical preparations of
inadequate microbiological quality, they may be exposed to serious health risks.
Maintaining the safety and efficacy of non-sterile pediatric pharmaceutical products,
as well as safeguarding children’s health, depends on their microbiological quality.
Pharmaceutical pediatric products are widely used in India; therefore, it is essential
to assess their microbiological quality and overall safety. This study examines
the microbiological quality of 26 pediatric drug products. Using compendial
methods, the pediatric drug products were analyzed for the presence of specified
microorganisms, total yeast and mold count, and total aerobic microbial count.
Based on the study’s findings, three of the pediatric drug products showed microbial
contamination levels above the maximum acceptable limits specified in the Indian
Pharmacopoeia. The pediatric drug products under examination did not contain
the specified microorganisms, including Escherichia coli, Staphylococcus aureus, and
Pseudomonas aeruginosa. It is advised that current good manufacturing practices
and appropriate hygiene measures be strictly followed when manufacturing,
handling, and dispensing these products; therefore, microbial quality control is
crucial to prevent contaminated products from reaching the market and to protect
public health.

Keywords: Microbial contamination; Pediatric drug products; Microorganism; Total
aerobic microbial count; Total yeast and mold counts

1. Introduction

From a microbiological perspective, pharmaceutical products (PPs) are broadly
classified as sterile or non-sterile. Those that contain no viable microorganisms
are referred as sterile. Non-sterile products are also manufactured in a controlled
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environment; however, they may not be completely free
from microorganisms. Therefore, regulatory agencies
specify microbiological limits for these products in their
finished dosage forms.! Pharmaceutical drugs designed
for pediatric use must meet stringent quality control
requirements to establish their safety and microbiological
quality.? Infants and children are extremely vulnerable to
microbial infection because they have developing immune
systems, lower body weight, and greater susceptibility
compared with adults.* Many pediatric products, such as
syrups, suspensions, and chewable tablets, are non-sterile,
and these can act as a growth medium for microorganisms
if they become contaminated.*

Products administered orally or topically are more likely
to be contaminated because of inappropriate handling,
storage, or contact with contaminated surfaces. The risk
of microbial growth increases with time because liquid
formulations, such as syrups, are often used repeatedly over
weeks or months.> Certain oral dosage forms may act as
substrates for microbial proliferation if they are stored in
conditions conducive to bacterial growth. Particularly in oral
liquid medications, moisture and a high sugar content can
promote the growth of microorganisms. Pediatric oral liquid
formulations, including aqueous solutions, suspensions,
emulsions, and syrups, are more susceptible to microbial
contamination because of sweeteners, reconstitution
techniques, inappropriate handling, and suboptimal storage
conditions. In children, microbial contamination PPs may
eventually lead to secondary bacterial infections.>

For pediatric PPs, compendial bodies such as the
Indian Pharmacopoeia (IP) and European Pharmacopoeia
(EP) recommend rigorous microbiological quality control
testing to ensure safety and efficacy. Microbiological
purity must be ensured to prevent contamination that
can lead to toxicity, infection, or reduced effectiveness of
treatment in children. Microbiological purity is a critical
quality attribute for the overall safety and quality control
of pediatric medicines.”

Although most of the pharmacopeias do not require
non-sterile preparations to be sterile, such preparations
are required to pass the microbial bioburden tests for total

aerobic microbial count (TAMC) and total yeast and mold
count (TYMC), and should be devoid of certain specified
microorganisms such as Escherichia coli, Staphylococcus
aureus, and Pseudomonas aeruginosa to verify their
efficacy and safety.** Pharmaceutical acceptance standards
must be rigorously followed in accordance with the
approved specifications of the IP or the EP. In this regard,
the final products of non-aqueous preparations should
have a TAMC of <1 x 10° colony-forming unit (CFU)/g or
mL and a TYMC of not more than 1 x 10> CFU/g or mL,
whereas aqueous preparations and products for cutaneous
use should have a TAMC of <1 x 10* CFU/g or mL and a
TYMC of not more than 1x10' CFU/g or mL."*""?

PPs may become contaminated by microorganisms
at any stage during manufacturing, packaging, and
distribution. Contamination may arise from a variety of
sources, including workers, equipment, raw materials,
and the manufacturing equipments. Bacteria, fungi,
viruses, and yeasts are examples of microbiological
contaminants. These microorganisms can grow in a
variety of environments, including the moist, nutrient-
rich conditions found in many PPs. Microorganisms not
only shorten a product’s shelf life but also pose major
safety risks, especially in non-sterile drug products. Even
a small number of contaminating microorganisms can
cause life-threatening illnesses in pediatric patients with
underdeveloped immune systems.'* India’s pharmaceutical
industry, ranking among the highest in the world in
manufacturing generic drugs, faces a significant challenge
in upholding microbiological standards, especially in
small- and medium-scale facilities with variable adherence
to good manufacturing practices (GMP)."

Many pediatric drugs are formulated as non-sterile
preparations; therefore, they may contain a variety of
microorganisms, including potentially hazardous ones if
microbiological controls are inadequate. In such instances,
children with a relatively weak immune system may be
adversely affected by the use of these medications. As a
result, regular microbiological testing of pharmaceutical
drug products, particularly oral medications commonly
delivered to children, is critical for consumer safety.
Table 1 lists the acceptance criteria for the microbiological

Table 1. Acceptance criteria for the microbiological quality of non-sterile oral preparations, aqueous and non-aqueous dosage

forms, and products intended for cutaneous use

Dosage form/route of TAMC TYMC Specified microorganism

administration (CFU per g or mL) (CFU per g or mL) (absentin 1 gor 1 mL)

Aqueous preparation (Oral) 10? 10! Escherichia coli

Non-aqueous preparation (Oral) 10° 10% Escherichia coli

Cutaneous use 10? 10! Staphylococcus aureus, Pseudomonas aeruginosa

Abbreviations: CFU: Colony-forming unit; TAMC: Total aerobic microbial count; TYMC: Total yeast and mold count.
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quality of non-sterile oral preparations, aqueous and non-
aqueous dosage forms, and cutaneous use. Several studies
have evaluated the microbiological quality of non-sterile
pediatric drugs in countries such as Spain, Bangladesh,
Ghana, and Sri Lanka.>>!>'¢ To date, no comparable studies
have been conducted in India, which limits the ability to
adequately assess the safety of commercially available
pediatric medicines. Therefore, the current investigation
was designed to determine bacterial and fungal counts
in non-sterile pediatric products purchased from local
markets in Ghaziabad, India, and to assess the presence
or absence of specified microorganisms using compendial
microbial testing methods described in the IP.>*

2. Materials and methods
2.1. Collection of pediatric drug products

Pediatric ~ drug products (PDPs) from different
manufacturers were collected from both urban and rural
areas of the district Ghaziabad, Uttar Pradesh, India. They
were readily obtainable from numerous pharmacies. The
non-sterile PDPs comprised 25 oral preparations and 1
topical preparation. The oral pediatric preparations included
syrups, whereas the topical preparation consisted of a cream.

2.2. Physical examination of the pediatric drug
products

To determine physical quality and key characteristics, each
PDP was examined for appearance, odor, manufacturer
label, expiry dates, and brand. The packaging material was
also inspected for leaks and cracks.

2.3. Workspace

To safeguard the products and testing preparations from
environmental contamination, each PDP evaluation was
conducted in a controlled environment using a horizontal
laminar air flow hood (Toshiba, India). The hood was
equipped with a high-efficiency particulate air filter rated at
0.3 um, providing 99.99% filtration efficiency for airborne
particles and microorganisms.

2.4. Instruments used

The following instruments were used throughout the
study: Autoclave (Natsteel, India), colony counter (Mac,
India), biochemical oxygen demand (BOD) incubator
(Sonar, Scientech, India), laminar air flow hood, pH meter
(Mettler Toledo, India), microscope (Olympus, Japan), hot
air oven (Tanco, India), and top pan balance (Aczet, India).

2.5. Media preparation, growth promotion, and the
indicative and inhibitory properties of culture media

Dehydrated media used in the present study were
obtained from HiMedia Laboratories Private Limited

(Mumbai, India). The following media were used for
microbiological analysis: Sabouraud dextrose agar (SDA)
for TYMC, soyabean casein digest medium (SCDM) as a
diluent for sample pre-treatment, soyabean casein digest
agar (SCDA) for TAMC, MacConkey broth for E. coli
pre-enrichment, MacConkey agar as an E. coli selective
medium, mannitol salt agar as a selective medium for
S. aureus, and cetrimide agar as a selective medium for
P, aeruginosa. Buffered sodium chloride-peptone solution
was prepared by dissolving 1.0 g of the dehydrated
sodium chloride-peptone powder in distilled water and
adjusting the volume to 1000 mL. 100 mL portions were
then transferred into flasks. In accordance with the IP, the
prepared media were autoclaved for 20 min at 121°C and
15 psi to achieve sterilization and were then examined for
growth promotion, indicative properties, and inhibitory
properties.

2.6. Negative control

The diluent alone was used as a negative control to confirm
the test conditions. No microbial growth was expected
to appear in this control, as any growth would indicate
compromised test validity.

2.7. Preparation of pediatric drug products

Sample preparation was conducted according to the
procedure given in the IP. During sample preparation,
physical characteristics of the products were recorded
as described in the IP. Before opening the samples, the
outside surfaces of each package were thoroughly sterilized
using 70% v/v ethanol. A 1:10 dilution of the test sample
was generated aseptically using a 10 mL sample of syrup
or 10 g of cream in 90 mL sterilized SCDM, as described
in the general chapter “Microbial Contamination in Non-
Sterile Products” of the IP 2022. The material was serially
diluted using the same diluent and was used to enumerate
TAMC and TYMC.

2.8. Microbial enumeration test

Two well-established techniques—the pour-plate technique
and the membrane filtration method—were employed to
enumerate microorganisms in PDPs, in accordance with
the IP 2022. The method was selected based on the type of
PP under study. Total TAMC and TYMC in non-antibiotic
syrup samples were measured using the pour-plate method.

2.8.1. Pour plate method

A total of 1 mL of the diluted sample (1:10 dilution, and
further dilutions if required) was aseptically transferred
into two sterilized 90-mm-diameter Petri plates. For
TAMC, 20 mL of SCDA (cooled to approximately 45°C)
was added to each of the two Petri plates, and for TYMC,
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20 mL of sterile SDA (cooled to approximately 45°C)
was added to the other two Petri plates. The contents of
each Petri plate were mixed by gently rotating the plate to
ensure that the sample and medium were well mixed, and
the mixture was then left to solidify.

For TAMG, the solidified SCDA plates were incubated
in a BOD incubator at 30-35°C for 3-5 days, whereas the
SDA plates were inverted and incubated at 20-25°C for
5-7 days. Petri plates with CFU counts <250 for TAMC
and <50 for TYMC were selected after the incubation
period. By choosing the appropriate dilution, the mean
CFU/g or mL of material was determined."”

2.8.2. Membrane filtration

The membrane filtration method was selected for
antibiotic-containing oral liquid formulations, such as
suspensions containing antimicrobial drugs, because
the presence of antimicrobial agents may interfere with
microbial growth when tested using the traditional pour-
plate technique. A 0.45-pm pore-size membrane filter was
inserted into a filter funnel that was attached to a vacuum
flask. The membrane filter was aseptically loaded with 1 mL
of the diluted sample. Immediately afterward, the fluid was
vacuum-filtered through the membrane. Each membrane
was then rinsed with pH 7.0 buffered sodium chloride-
peptone solution to remove residual components. The
membrane filter was then transferred onto the surface of
20 mL solidified SCDA plates, and the plates were incubated
at 30-35°C for 3-5 days to determine TAMC. For TYMC,
the same procedure was followed, using 20 mL solidified
SDA plates and incubation at 20-25°C. To determine the
number of microorganisms per g or mL of product, the
colonies on each plate were counted after incubation.'

2.9. Tests for the detection of specified
microorganisms in aqueous drug products

The aqueous drug products were tested for E. coli in
accordance with the procedure established by the IP 2022.

2.9.1. E. coli

For the detection of E. coli, samples were prepared as
described in Section 2.7. SCDM (90 mL) was inoculated
with 10 mL (equivalent to 1 g or 1 mL) of pre-treated
sample, and the mixture was incubated for 18-24 h at
30-35°C. Following incubation, 1 mL of SCDM was
transferred to 50 mL of MacConkey broth, the mixture was
shaken to ensure proper mixing, and then incubated for
24-28 h at 40-42°C. After incubation, the tube was shaken,
and a loopful of MacConkey broth was streaked onto a
plate of MacConkey agar using a sterile inoculation loop.
For 18-72 h, the MacConkey agar plates were then inverted
and incubated at 30-35°C. The growth of non-mucoid,

pink colonies on the MacConkey agar plates indicates the
presence of E. coli.

2.10. Test for the detection of specified
microorganisms in cutaneous drug products

The cutaneous drug products were tested for S. aureus and
P, aeruginosa in accordance with the procedure established
in the IP 2022.

2.10.1. S. aureus

For the detection of S. aureus, samples were prepared as
described in Section 2.7. SCDM (90 mL) was inoculated
with 10 mL (equivalent to 1 g or 1 mL) of pre-treated
sample and incubated for 18-24 h at 30-35°C. Following
incubation, the broth was shaken, and a loopful was
streaked on a plate of mannitol salt agar using a sterile
inoculating loop. The plates were then inverted and
incubated at 30-35°C for 18-72 h, and the growth of yellow
or white colonies encircled by a yellow zone indicates the
potential presence of S. aureus.

2.10.2. P. aeruginosa

For the detection of P. aeruginosa, samples were prepared
as described in Section 2.7. SCDM (90 mL) was inoculated
with 10 mL (equivalent to 1 gor 1 mL) of pre-treated sample,
and the mixture was incubated for 18-24 h at 30-35°C.
Following incubation, a loopful of the broth was streaked
on a cetrimide agar plate using a sterile inoculating loop
after it had been shaken. The cetrimide agar plates were
then inverted and incubated for 18-72 h at 30-35°C. The
development of greenish colonies on cetrimide agar plates
indicates the presence of P. aeruginosa.

3. Results
3.1. Evaluation of microbiological quality

A total of 26 distinct non-sterile pharmaceutical pediatric
products were analyzed for microbial contamination. Each
product was labeled with the manufacturer’s name and
expiry dates. Physical inspection revealed no changes in
appearance, leakage, or cracks, and the packaging did not
show evidence of tampering. As shown in Table 2, of the
26 PDPs examined, three products (one antihistamine,
one antispasmodic, and one antipyretic) showed microbial
growth, indicating microbial contamination.

Microbiological quality evaluation of aqueous PDPs
was conducted in terms of TAMC, TYMC, and the absence
of E. coli. As illustrated in Figure 1, of the 25 aqueous PDPs
evaluated, 22 met the acceptable limits for TAMC, whereas
3 exceeded the standard limit and did not comply. For
TYMC, 24 aqueous PDPs were found to meet the standard
limit, with 1 exceeding the standard limit and thus not
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complying with acceptable limits. In the determination
of the presence of E. coli, none of the 25 PDPs were
contaminated, thereby complying with the specified limits.
The findings showed that most of the products tested
conformed to microbiological quality standards, with only
minor variations in TAMC and TYMC.

In addition, the microbiological analysis of the
cutaneous PDP was conducted for TAMC, TYMC, and
the absence of P aeruginosa and S. aureus. As depicted
in Figure 2, the cutaneous PDP tested met the acceptable
limits for TAMC and TYMC and hence complied with the
specified limits. In the tests for S. aureus and P. aeruginosa,
the cutaneous PDP showed no contamination and
therefore met the acceptance criteria. These results indicate
that the cutaneous PDP complied with the expected
microbiological quality standards.

Table 2. List of pediatric drug products from different
categories and subcategories

Category  Subcategory Total products No. of contaminated
tested products
Aqueous  Antihistamine 6 1
Antacid 1 0
Antipyretic 9 1
Antibiotic 2 0
Supplement 2 0
Antispasmodic 1 1
Antiemetic 2 0
Expectorant 2 0
Cutaneous Cream 1 0
Total - 26 3
1% - =
55 -
s 21
> 20
@ 18
©
31
§ 15
s 13
912
5 %é W Comply  m Not comply
L 9
s 8
o 7
g ¢
¥ ;
° 3 1
o 1 0
2 0
TAMC TYMC Escherichia coli

Test parameters

Figure 1. Compliance and non-compliance status of aqueous pediatric
drug products evaluated for TAMC, TYMC, and Escherichia coli in
Ghaziabad, India
Abbreviations: TAMC: Total aerobic microbial count; TYMC: Total yeast
and mold count.

3.2. TAMC, TYMC, and specified microorganisms

The microbiological quality of 25 aqueous PDPs was
assessed for TAMC, TYMC, and the presence of E. coli
(Table 3). Of the 25 aqueous PDPs tested, 22 were
found to comply with the IP and EP limits for TAMC
(<1 x 10> CFU/mL) in the majority of pediatric products.
Three PDPs (PP 12, PP 18, and PP 22) were found to
have elevated TAMC values of 1.6 x 10 1.51 x 10°, and
3.2 x 10> CFU/mL, respectively; hence, PP 12, PP 18, and
PP 22 did not comply with the acceptance criteria of the
IP and EP.

In terms of TYMC, compliance was noted in 24 of 25
products, with counts <10 CFU/mL, except for one (PP 18),
which had 8.3 x 10> CFU/mL, exceeding the acceptable
limit. Because E. coli was absent from all tested aqueous
PDPs, these products achieved 100% compliance with this
critical safety requirement. Overall, the majority of the
aqueous PDPs complied with the microbiological quality
criteria of the IP and EP, with only one product (PP 18)
failing in both TAMC and TYMC, and two PDPs (PP 12
and PP 22) failing in TAMC. These results reflect generally
acceptable microbiological quality, indicative of good
hygiene and manufacturing practices, with some isolated
instances of contamination that require corrective action.

The microbiological quality of cutaneous PDP (PP 1) was
assessed for TAMC, TYMC, and the presence of S. aureus
and P. aeruginosa (Table 4). The findings revealed that the
product complied with the IP and EP acceptance criteria for
TAMC and TYMC (<1 x 10> CFU/mL). In addition, S. aureus
and P. aeruginosa were absent in the cutaneous PDP, thereby
complying with the IP and EP acceptance criteria. These
results demonstrated complete microbiological compliance
of the cutaneous pediatric preparation and affirmed

1
W Comply
Not comply
0 0
° 0 0
TYMC

TAMC
aureus ueruginosa
Test parameters

No. of pediatric drug products evaluated

Figure 2. Compliance and non-compliance status of cutaneous pediatric
drug products evaluated for TAMC, TYMC, Staphylococcus aureus, and
Pseudomonas aeruginosa in Ghaziabad, India

Abbreviations: TAMC: Total aerobic microbial count; TYMC: Total yeast
and mold count.
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Table 3. Results of TAMC, TYMC, and specified pathogen in
aqueous pediatric drug products

No. of aqueous TAMC TYMC  Absence/presence of
PPs (CFU/mL) (CFU/mL) Escherichia coli per mL
PP1 <1x10! <1x10'  Absent
PP2 <1x10! <1x10'  Absent
PP 3 <1x10! <1x10'  Absent
PP 4 <1x10! <1x10'  Absent
PP5 <1x10! <1x10'  Absent
PP6 <1x10! <1x10'  Absent
PP7 <1x10! <1x10'  Absent
PP 8 <1x10! <1x10'  Absent
PP9 <1x10! <1x10'  Absent
PP 10 <1x10! <1x10! Absent
PP 11 <1x10! <1x10'  Absent
PP 12 1.6x10? <1x10'  Absent
PP 13 <1x10! <1x10'  Absent
PP 14 <1x10! <1x10'  Absent
PP 15 <1x10! <1x10! Absent
PP 16 <1x10! <1x10'  Absent
PP 17 <1x10! <1x10! Absent
PP 18 1.51x10° 8.3x10>  Absent
PP 19 8x10! <1x10! Absent
PP 20 <1x10! <1x10'  Absent
PP 21 <1x10! <1x10'  Absent
PP 22 3.2x10? <1x10! Absent
PP 23 <1x10! <1x10'  Absent
PP 24 <1x10! <1x10! Absent
PP 25 <1x10! <1x10'"  Absent

Abbreviations: CFU: Colony-forming unit; PP: Pediatric product;
TAMC: Total aerobic microbial count; TYMC: Total yeast and mold count.

Table 4. TAMC and TYMC in cutaneous pediatric
drug products

No. of TAMC  TYMC Absence/presence of Staphylococcus
cutaneous (CFUper (CFUper aureus or Pseudomonas aeruginosa
PPs gormL) gormL) (pergormL)

PP1 <Ix10'  <I1x10' Absent

Abbreviations: CFU: Colony-forming unit; PP: Pediatric product;
TAMC: Total aerobic microbial count; TYMC: Total yeast and
mold count.

satisfactory manufacturing hygiene and effectiveness of
implemented quality control measures.

4. Discussion

Regardless of dosage forms or route of administration, non-
sterile pediatric drugs must adhere to the microbiological

purity standards established in the 2022 IP. PDPs can be
broken down or rendered inactive by a variety of microbes,
more specifically by the metabolites they produce.”
Furthermore, because these medications are consumed
by pediatric patients with immature immune systems,
it is particularly important to ensure compliance with
pharmacopeial requirements to prevent drug-related
infections. Manufacturers of pediatric pharmaceuticals
have recently improved the standard of non-sterile
pediatric products to the point that they now report low
levels of bioburden.?

However, in 2022, the World Health Organization
(WHO) issued a global alert regarding four cough syrups
that were suspected to be associated with the deaths
of 66 children in The Gambia. It stated that the syrups
were “possibly associated with major kidney damage
as well as 66 deaths among children” The medications
were recognized by the WHO as Magrip N Cold syrup,
Kofexmalin baby cough, Makoft baby cough syrup, and
Promethazine oral solution. WHO issued a warning that
using them could cause serious injury or even death,
especially to children.”

This research aimed to investigate the presence of
microbiological contaminants in non-sterile pediatric
PPs available at local pharmacies in Ghaziabad, India.
We assessed the microbiological quality of these pediatric
drug products. The most widely utilized pediatric products
include syrups, suspensions, emulsions, and solutions.
Children, newborns, and infants respond to medications
differently from adults. As children’s immune systems are
underdeveloped, extra caution must be used when using
pediatric medications to prevent potential infections.
In this study, 25 commercially available pediatric syrups
and one commercially available cream were examined,
confirming the overall good microbiological quality. Of
26 PDPs tested, 23 complied with microbiological limit
specifications set by both the IP and the EP and hence
were found safe for use in the pediatric population. These
23 aqueous and cutaneous PDPs met the permissible
limits for non-sterile preparations, with TAMC values of
<1 x 10> CFU/mL and TYMC values of <1 x 10' CFU/mL.

Taking into account the findings of the microbiological
evaluation shown in Tables 3 and 4, PP 18 demonstrated
non-compliance, with a TAMC of 1.51x10° CFU/mL and
a TYMC of 8.3 x 10> CFU/mL. In addition, PP 12 and PP
22 demonstrated non-compliance, with TAMC values of
1.6 x 10% and 3.2 x 10> CFU/mL, respectively. Thus, PP 12,
PP 18, and PP 22 did not meet the acceptance criteria of the
IP and EP, and their microbiological quality may have been
compromised, rendering them unsafe for consumption by
children, particularly those with compromised immune
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systems. Suboptimal manufacturing practices, inadequate
preservation, or improper handling during distribution
and storage may be potential causes of this contamination.
To prevent microbiological growth in diluted oral liquid
drugs, strict hygiene practices are necessary throughout
the production process.

This study highlights the importance of microbiological
quality control in PDPs. The adoption of good preservative
agents, rigorous quality control measures, and current GMP
may account for the low level of microbial contamination in
the analyzed samples of syrup and cream. The compliance
rate of approximately 88% suggests that the Indian
pharmaceutical industry, particularly in pediatric dosage
forms, has made substantial progress in adopting rigorous
quality control measures. These practices help maintain
low microbial contamination, thereby protecting the
health and safety of pediatric patients, who are particularly
vulnerable. Consistently maintaining microbiological
quality also reflects positively on the quality assurance
systems and facilities of the pharmaceutical manufacturing
units in the region.

Before being made available for consumption, non-
sterile pharmaceutical preparations must pass testing for the
presence of certain specified microorganisms (e.g., E. coli,
S. aureus, and P, aeruginosa) in addition to bioburden tests,
as recommended by the IP and EP. All the PDPs tested met
the IP and EP standards and were confirmed to be devoid of
specified microorganisms. This underscores the importance
of adhering to strict quality assurance and current GMP in
the production of such preparations.'*!

E. coli, which can cause serious illness in children, was
found to be absent in aqueous PDPs, implying that the
raw materials, manufacturing environment, and handling
practices were in a sanitary state. Likewise, ensuring the
absence of P. aeruginosa—an opportunistic microorganism
that can be especially lethal in immunocompromised
patients—in the cutaneous PDP indicates strong microbial
control measures in these formulations. S. aureus, an
organism associated with serious skin infections and
commonly found in the nasal flora, was also not detected
in the tested PDPs."

The findings revealed that three PDPs (PP 12, PP 18,
and PP 22) were contaminated, with microbial levels
exceeding the acceptable limits. The possible sources of
contamination include production equipments, water, or
infected personnel. Detection of contamination in these
three products indicates that although general industry
practice is commendably high, there is still a need for
ongoing surveillance, root-cause analysis, and corrective
measures to address any remaining lapses. These findings
also underscore the importance of microbiological

quality checks in finished formulations to ensure public
health safety.

These results emphasize the microbial safety and
regulatory compliance of the tested PDPs, which is
particularly essential given the susceptibility of the
pediatric population to microbial infections. This study
highlights the need for proper utilization of preservatives,
process validation, and robust environmental monitoring
programs to limit microbial invasion during manufacture
and storage. Microbiological monitoring at regular
intervals throughout the entire product shelf life is still
warranted to maintain this degree of safety.

5. Conclusion

The current investigation on the microbiological quality
control of non-sterile PDPs demonstrates satisfactory
microbiological safety of the products tested. The majority
were in compliance with pharmacopeial requirements.
However, three pediatric drug products exceeded the
microbiological limits, thereby reflecting lapses in microbial
quality control, particularly in terms of total viable counts.
The failure of these three PDPs highlights the need for
regular microbiological testing, staff training, environmental
monitoring, and verification of cleaning and sanitization
procedures. Therefore, to help preserve and improve the
quality of PDPs in the Indian market, regulatory agencies
should strengthen post-marketing surveillance and
monitoring programs, enforce GMP, and implement more
stringent marketing authorization procedures.
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