ACTA SCIENTIFIC MICROBIOLOGY (ISSN: 2581-3226)

Volume 4 Issue 7 July 2021

Research Article

Microbiological Investigation of Water Samples from Intensive Care Unit (ICU)
of Tertiary Care Hospitals of Dhaka, Bangladesh

Shah Murshid U] Jaman Arowan, Abdihakim Ismail Ali and Saurab

Kishore Munshi*

Department of Microbiology, Stamford University Bangladesh, Dhaka, Bangladesh

*Corresponding Author: Saurab Kishore Munshi, Department of Microbiology,

Stamford University Bangladesh, Dhaka, Bangladesh.

Abstract

Received: May 23, 2021

Published: June 07, 2021

© All rights are reserved by Saurab Kishore
Munshi., et al.

Water could be a crucial transmitter of nosocomial infections in patients who are admitted to hospitals’ Intensive Care Unit (ICU).

The present study was undertaken to evaluate the microbiological quality of different water samples from ICU of tertiary care hos-

pitals for measuring their potential of causing nosocomial infections. In this regard, drinking and tap water samples were collected

from the ICU of three tertiary care hospitals located in Dhaka, Bangladesh. Total viable bacteria were present in an average of 3 log,

cfu/ml in all the samples. Among the specific bacterial isolates, Pseudomonas spp. and Bacillus spp. were predominant and encoun-

tered in all samples. E. coli contamination was observed in almost all water samples collected of the three ICUs. Staphylococcus spp.

and Klebsiella spp. were recovered in water samples from ICU-1 and ICU-2. Fecal coliforms and Vibrio spp. were alarmingly found in

the tap water samples of ICU-1. A few of the isolates from the water samples of ICUs were able to form biofilm on the Congo red media

that accelerate the risk. Moreover, the bacterial isolates were found to be multidrug resistant. Higher resistance was found against

Cefixime, Amoxicillin, Nalidixic Acid, Cephradine and Piperacillin. Overall, The findings of the present study reveal that the tested ICU

water samples could be a potential source of nosocomial infections by the drug-resistant bacteria.
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Introduction

A hospital-acquired infection or nosocomial infection (NI) may
be defined as any clinically identifiable microbiological disease
that affects the patient as a consequence of his stay after 48 - 72
hours of admission to a hospital [1]. Hospital-acquired infections

in the Intensive Care Unit (ICU) heighten sufferings and mortality

in patients [2]. Environmental pollution in the hospital and ICUs
is considered to be a major source of nosocomial infections as the
environment can make it easier to spread some major pathogens
including Gram-negative bacilli [2-4]. The assessment of health
facilities environments (air, water, surfaces), including the assess-
ment of the risk of infection in ICU, has now become part of a good
health and safety policy [5]. Although several sources cause noso-
comial outbreaks in hospitals, hospital water may be the most un-
derestimated, significant and considerable source of nosocomial

pathogens [6].
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Water is a crucial public health component and failing to pro-
vide clean water would put a heavy burden on humanity [7,8]. In
developing countries, the primary source of microbial pathogens
that cause infections is drinking water [9]. Water pollution may re-
sult from the introduction of disease-causing pathogens from the
pilling of garbage, unregulated waste disposal and overuse of farm-
ing chemicals which are a common scenario in Bangladesh [8]. A
lack of clean drinking water and adequate sanitation leads to sever-
al diseases such as cholera, dysentery, salmonellosis, typhoid, etc.
that may result in millions of deaths per day [8,10]. It is estimated
that there is no access to clean water for 1,1 billion in developed
countries, and no sanitation for 2,4 billion people. As a result, 250
million people are exposed to waterborne diseases, leading to 10 -

20 million deaths annually [8].

The supply source, the holding tank, the overhead tanks, the
pipelines, and inefficient purification systems will all lead to con-
tamination of the water. The tendency of microbes to survive in
hospital water tanks was first described more than 30 years ago,
and multiple reports have demonstrated water as a source of
nosocomial infection [5,11]. Complex water distribution system in
healthcare facilities along with different variable physical factors
may lead to the formation of biofilms and promote the growth of
environmental opportunistic pathogens [12]. In the hospital, the
transmission of waterborne microorganisms to patients occurs di-
rectly when showering, bathing, and drinking water or ice. Patient
exposure may also result from interaction with polluted surgical
equipment or clinical devices and through the hands of healthcare
personnel that has been rinsed or washed with tap water [13].
Even small amounts of organisms present in water can cause in-
fection, especially in immunocompromised patients. Due to the
frequent use of antibiotics in the hospital, these organisms can
potentially become antibiotic resistant and responsible for spread-
ing resistance [5]. Therefore, hospital water needs to be free from

pathogenic microorganisms.

ICU is considered to be responsible for 20 - 25% of nosocomial
infections although ICU holds < 5% of hospital beds [1,14]. A range
of 5% - 30% of ICU patients has encountered Nis. Recently, the el-
evated morbidity and mortality associated with nosocomial infec-
tions in the ICU is a critical issue [1]. Having a surveillance system
to find out the risk factors can reduce Nis by many folds. Consider-

ing all the facts, this study was an attempt to determine the mi-
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crobiological quality of drinking and tap water samples collected
from the ICU of tertiary care hospitals as a potential risk factor of
nosocomial infections. Screening for the presence of drug resistant

bacteria and their ability to form biofilm was also conducted.

Materials and Methods

Study area, sampling and sample processing

Drinking (filtered and supplied in jar) and tap water samples
were collected from different points of the Intensive Care Unit
(ICU) of three different tertiary care hospitals of Dhaka, Bangladesh
of Dhaka city, Bangladesh during February and March 2020. Sam-
pling was conducted in sterile screw-capped bottles in an aseptic
manner, kept at 25 °C in a thermal stabilizing box and transported
to the laboratory immediately. The samples were prepared for the

microbiological assay according to the standard protocol [15-18].

Isolation and enumeration of bacteria from the water samples

For the enumeration of total viable bacteria (TVB), 100 ml of
each sample was filtered through a 0.45 pm membrane filter (Pall
Corporation, Port Washington, USA) that aseptically placed onto
the Nutrient agar. And plates were incubated at 37°C for 24 hours.
Likewise, the samples were introduced onto the Membrane Fecal
Coliform (MFC) agar and MacConkey agar using membrane filtra-
tion technique for the enumeration of total fecal coliform (TFC),
and coliforms (especially, Escherichia coli and Klebsiella spp.), re-
spectively [15-17]. Plates were incubated for 24 hours at 44.5°C

and 37°C for fecal coliform and coliforms, correspondingly.

Bacillus spp., Staphylococcus spp. and Pseudomonas spp. were
introduced onto Starch agar, Mannitol Salt Agar (MSA) and Pseu-
domonas agar, respectively by adding 0.1 ml of each of the samples
through spread plate technique and all the plates were then incu-
bated at 37°C for 24 hours [15-23].

Ten (10) ml of sample was transferred into 90 ml of Selenite
Cysteine Broth (SCB) and Alkaline Peptone Water (APW) for the
enrichment of Salmonella spp., Shigella spp., and vibrio spp., re-
spectively and incubated at 37°C for 6 hours. After incubation, 0.1
ml of each corresponding suspension were spread onto Salmonella-
Shigella (SS) agar and Thiosulfate Citrate Bile Salt Sucrose (TCBS)
agar for the isolation of Salmonella spp. Shigella spp., and Vibrio
spp., respectively. Plates were incubated at 37°C for 24 hours for

the detection of typical colonies [15-23].
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Finally, all the isolates were biochemically examined by per-
forming triple sugar iron test, motility indole urease test, methyl
red test, Voges Proskauer test, indole utilization test and the oxi-
dase test following standard procedures as described earlier [15-
23].

In vitro formation of biofilm by congo red agar assay

Congo red agar was used for the biofilm production of bacteria
isolated from the tested water samples. The media plates were in-
oculated with the bacteria by streak plate technique and incubated
for 24 to 48 hours at 37°C. The presence of black-colored colony
was indicative of biofilm formation and red-colored colony was

considered negative [24].

Antibiotic susceptibility test of the isolates

The standard agar-disc-diffusion method (Kirby Bauer tech-
nique) was used to examine the antibiotic susceptibility pattern
(either sensitive or resistant) of the waterborne isolates on Muel-
ler-Hinton agar (Difco, Detroit, MI) [15,18,21-23]. The commercial
antibiotic discs used in this experiment were Gentamycin (GEN, 10
pg), Trimethoprim/sulfamethoxazole (COT, 25 pg), Levofloxacin
(LE, 5 pg), Nalidixic Acid (NA, 30 pg), Cefixime (CFM, 5 ng), Amoxi-
cillin (AMX, 30 pg), Piperacillin (PIT, 100/10 pg), Colistin (CL, 10
pg), Cefotaxime (CTX, 30 pg) and Cephradine (CE, 30 pg). After
placing antibiotic discs properly, the plates were inverted and incu-
bated at 37°C for 24 hours. After incubation, the plates were exam-

ined and the zone of inhibition was measured in mm.

Statistical analysis

The data generated in this study were statistically validated us-
ing SPSS statistics version 20.0 (IBM, Georgia, USA) and Microsoft
Office Excel Professional Plus 2016 (Microsoft Corporation, Red-
mond, Washington, USA) program packages. The mean values and

standard deviations (SD) were determined.

Results and Discussion
Microbiological quality of the tested water samples collected
from ICU and the ability of the bacterial isolates to form bio-

films

Nosocomial infections such as bacteremia, tracheobronchitis,
sinusitis, urinary tract infections, meningitis, wound infections,
peritonitis, ocular infections, and others that are triggered by wa-

terborne bacteria are associated with high morbidity and even [6].
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Especially, patients who are admitted to ICU are immunocompro-
mised and are at high risk of these infections [8]. To avoid Nis in
ICU, the risk factors need to be detected for undertaking proper
preventive actions. Therefore, the present study evaluated the mi-
crobiological quality of drinking and tap water samples from ICUs

as a potential risk factor of NI.

In the current study, all the water samples collected from differ-
ent ICUs showed the presence total viable bacteria in an average of
31og10 cfu/ml (Table 1). A significant quantity of specific bacterial
species was also recovered from the tested water samples. Bacillus
spp. and Pseudomonas spp. were predominantly present in every
samples in an average of 2 log,, cfu/ml. Specifically, P. aeruginosa
can survive in hospital water for a prolonged period and can cause
nosocomial outbreaks [26,27]. E. coli contamination was found in
all the water samples except drinking water of ICU-2 (Table 1).
Klebsiella spp. were also recovered in water samples collected from
ICU-1 and ICU-2. Fecal coliforms were recovered from the tap wa-
ter sample of ICU-1. Both the water samples from ICU 2 and tap
water sample from ICU-1 had contamination with Staphylococcus
spp. Vibrio spp. were encountered in the tap water sample of ICU-1
after enrichment (Table 1). Salmonella spp. and Shigella spp. were
absent. Previously, Grundmann., et al. [28] found no bacteria in
the hospital water samples. In cohort to our study, Anaissie., et al.
[6] and Hopman,, et al. [2] reported an alarming rate of bacterial
contamination in hospital water samples in their studies. Gonsu.,
et al. [5] and Kirankimar, et al. [8] also found significant numbers
of bacteria in the hospital water samples. According to Barrell.,, et
al. [29] and Mansour, et al. [13], the standard limit for E. coli/coli-
forms and other bacteria is 0/100 ml of drinking water in hospital
and for tap water, it is 10/100ml. Moreover, the CDC recommend
using sterile (free from microorganisms water in the ICUs for criti-
cal activities [30]. In both contexts, the samples tested in this study

portray public health risk upon their uses.

The risk accelerated as some of the bacterial isolates were
found to form biofilm on the Congo red media (Table 1). E. coli from
drinking water and Pseudomonas spp. from tap water of ICU-1 were
able to form biofilm. Biofilm formation by Staphylococcus spp. from
drinking water and Pseudomonas spp. from tap water of ICU-2, and
E. coli from tap water of ICU-3 was also observed. Biofilm build-
up, as well as water stagnation, are among the main causes of poor

water quality [6]. Legionella, Pseudomonas, and other waterborne
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Bacterial load (log,, cfu/ml)
Water sample (n) TVB , Pseudomonas |Staphylococcus|Klebsiella| *Vibrio , Fecal
Bacillus spp. - - . . E. coli coliform

ICU-1
Drinking water (5) 3.5+0.35 29+0.31 2.6+0.24 0+0 24+039| 0+0 |*2.3+0.18 0+0
Tap water (5) 4.1+041 2.5+0.35 #2.8+0.33 21+0.21 25+0.26|2.2+0.19| 24 +0.14 2.5+0.13
[CU-2
Drinking water (5) 3.4+0.28 3.1+£0.25 3.1+£0.16 #2.2+0.41 2.5+0.33 + 00 +
'Tap water (5) 3.4+0.38 2.8+0.18 #3.4+0.12 2.7+0.28 2.6 +0.36 + 24+0.18 +
[CU-3
Drinking water (5) 3.1+0.19 2.1+0.44 2.2+0.23 +0 +0 + 2.1+0.13 +
Tap water (5) 3.9+0.27 2.6 +0.23 2.8+0.27 + + 0+ #2.3+0.16 +

Table 1: Bacterial load in the tested ICU water samples.

n- Number of samples; TVB- Total viable bacteria.

The experiments were in triplicates. Mean + SD count (log, cfu/ml) from all samples have been shown here.

#The isolates were able to produce biofilm on Congo Red media.

*Bacterial load after enrichment (Prior to enrichment, the recovery was nil).

Salmonella spp. and Shigella spp. were absent in all samples.

species have long been known to thrive in biofilms found in water
distribution systems and points of use. Biofilms and their patho-
genic inhabitants are difficult to eradicate since organisms living
in these habitats can be particularly resistant to disinfectants [31].
Overall, the findings of bacteria in significant quantity in every
sample tested in this study along with their capacity of forming
biofilms in few instances indicative of the poor water treatment
and distribution facilities of the hospitals. The water quality was
not up to the mark to use in ICUs and might be a major source of
nosocomial infections. The hospital should take initiatives to im-
plement effective water treatment facilities including techniques
such as boiling, UV light, chemicals like chlorine, electronic purifi-

cation, and filtration by reverse osmosis.

Recovery of antibiotic resistant bacterial isolates

The present study investigated the antibiotic susceptibility
pattern of the bacteria isolated from the water samples of ICUs
as enhanced numbers of multi-drug resistant bacteria in hospital-

ized patients largely affect their treatments [2]. Increased level of

resistance in hospital waterborne isolates was reported against
the commonly used antibiotics by many scientists [31-34]. In the
present study, all the isolates were found to be resistant against
multiple drugs (Table 2-4). In case of isolates from water samples
from ICU-1, Cefixime and Amoxicillin resistance was found in every
isolates (Table 2). These two are the two most frequently pre-
scribed antibiotics in Bangladesh. Almost all the isolates showed
resistance against Cephradine. All the isolates from drinking water
was resistant against Piperacillin which showed sensitivity against
Bacillus spp. and E. coli in tap water sample. All the isolates were
sensitive to Gentamycin and Levofloxacin (Table 2). Few to moder-
ate resistance was found against Trimethoprim/sulfamethoxazole,

Colistin, Nalidixic Acid and Cefotaxime.

The isolates from water samples of ICU-2 showed resistance
against Cefixime, Amoxicillin and Cephradine (Table 3). On the oth-
er hand, all the isolates were sensitive to Levofloxacin and Colistin.

The majority of the isolates showed resistance against Piperacillin

Citation: Saurab Kishore Munshi, et al. “Microbiological Investigation of Water Samples from Intensive Care Unit (ICU) of Tertiary Care Hospitals of

Dhaka, Bangladesh". Acta Scientific Microbiology 4.7 (2021): 21-28.



Microbiological Investigation of Water Samples from Intensive Care Unit (ICU) of Tertiary Care Hospitals of Dhaka, Bangladesh

25

Isolates from water Antibiotics

samples of ICU-1 GEN coT LE NA CFM AMX PIT CL CTX CE
Drinking water
Bacillus spp. S R S R R R R S R R
E. coli S S S S R R R R S R
Klebsiella spp. S R S R R R R S R R
Pseudomonas spp. S S S S R R R S S R
Vibrio spp. S S S R R R R S S R
Tap water
Bacillus spp. S S S S R R S S S R
Staphylococcus spp. S S S R R R R S R R
Pseudomonas spp. S S S R R R R S R R
E. coli S S S S R R S S S S

Table 2: Antibiotics susceptibility pattern of the isolates from the ICU-1 water samples.
R- Resistant; S- Sensitive.

GEN- Gentamycin (10 pg); COT- Trimethoprim/sulfamethoxazole (25 pg); LE- Levofloxacin (5 pg); NA- Nalidixic Acid (30 pg); CFM- Cefix-
ime (5 pg); AMX- Amoxicillin (30 pg); PIT- Piperacillin (100/10 pg); CL- Colistin (10 pg); CTX- Cefotaxime (30 pg); CE- Cephradine (30 pug).

Isolates from water Antibiotics

samples of ICU-2 GEN CcoT LE NA CFM AMX PIT | CL | CTX CE
Drinking water
Bacillus spp. S S S S R R R S S R
Staphylococcus spp. S R S R R R R S R R
Klebsiella spp. S S S S R R S S R R
Pseudomonas spp. S S S S R R R S S R
Tap water
E. coli R R S R R R R S R R
Bacillus spp. R R S R R R R S R R
Staphylococcus spp. S R S R R R R S R R
Pseudomonas spp. S R S R R R R S R R
Klebsiella spp. R R S R R R R S R R

Table 3: Antibiotics susceptibility pattern of the isolates from the ICU-2 water samples.
R- Resistant; S- Sensitive.

GEN- Gentamycin (10 pg); COT- Trimethoprim/sulfamethoxazole (25 pg); LE- Levofloxacin (5 pg); NA- Nalidixic Acid (30 pg); CFM- Cefix-
ime (5 pg); AMX- Amoxicillin (30 pg); PIT- Piperacillin (100/10 pg); CL- Colistin (10 pg); CTX- Cefotaxime (30 pg); CE- Cephradine (30 pg).

Citation: Saurab Kishore Munshi, et al. “Microbiological Investigation of Water Samples from Intensive Care Unit (ICU) of Tertiary Care Hospitals of
Dhaka, Bangladesh". Acta Scientific Microbiology 4.7 (2021): 21-28.



Microbiological Investigation of Water Samples from Intensive Care Unit (ICU) of Tertiary Care Hospitals of Dhaka, Bangladesh

26

Isolates from water Antibiotics

samples of ICU-3 GEN coT LE NA CFM AMX PIT CL CTX CE
Drinking water
Bacillus spp. S S S R R S S S S R
Staphylococcus spp. S S S S R S S S S R
E. coli S S S S R R R S S R
Pseudomonas spp. S S S R R S S S S R
Tap water
Bacillus spp. S S S R R R R R S R
Staphylococcus spp. S S S R R S S S S R
Pseudomonas spp. S S S R R R I S S R
E. coli S S S R R R R S S R

Table 4: Antibiotics susceptibility pattern of the isolates from the ICU-3 water samples.

R- Resistant; S- Sensitive.

GEN- Gentamycin (10 pg); COT- Trimethoprim/sulfamethoxazole (25 ug); LE- Levofloxacin (5 pg); NA- Nalidixic Acid (30 pg); CFM- Cefix-
ime (5 pg); AMX- Amoxicillin (30 pg); PIT- Piperacillin (100/10 pg); CL- Colistin (10 pg); CTX- Cefotaxime (30 pg); CE- Cephradine (30 pg).

and Cefotaxime. Trimethoprim/sulfamethoxazole resistance was
found in all the tap water isolates, while sensitivity was found in
isolates from drinking water (Table 3). In cases of isolates from the
water samples of [CU-3, Amoxicillin and Cephradine resistance was
observed in all the isolates (Table 4). All the isolates exhibited sen-
sitivity against Gentamycin, Trimethoprim/sulfamethoxazole, Lev-
ofloxacin and Cefotaxime. Low to moderate rate of resistance was
found against Nalidixic Acid, Amoxicillin, Piperacillin and Colistin
(Table 4). In the current research, the high rate of drug resistance
in bacterial species may be due to the widespread use of antibiotics

in hospitals.

Conclusion

The findings of the present study reveal that the drinking and
tap water samples from ICU of different hospitals contained dif-
ferent types of specific bacteria that were multi-drug resistant
and a few could form biofilm. Such contaminated water in the ICU
area of a hospital may pose a serious threat to patient health as
the patients are critically immunocompromised. To ensure that
pathogens do not spread by contaminated water, adequate water
facilities are therefore an important requisite. Given the greater

vulnerability of these patients who are admitted to ICU (usually at

the peak of their immunosuppression), hospitals that are dealing
with such patients should have higher drinking water quality levels
than the community and should take urgent steps to avoid water-

borne infections.
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