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ABSTRACT

This study aimed to determine bacteriological quality of indoor air in neonatal wards at
tertiary hospitals and assess antibiotic resistance patterns of isolated bacteria. Passive air
sampling was performed to appraise bacteriological indoor air quality employing the
gravity settle plate method to monitor air quality in the morning and afterncon. Each
procedure was performed in duplicate on Nutrient Agar plates for 30 and 60 minutes. A
total of 75 bacteria were isolated and subjected to antibiotic sensitivity tests using the
Kirby-Bauer’s disk diffusion method. Staphylococcus aureus, Klebsiella pneumonia,
Pseudomonas aeruginosa and Escherichia coli were the frequently isolated airborne
bacteria. Staphylococcus species was predominant (49.3%) and 6% was E. coli. The
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Article Info bacterial counts ranged from 19-383 cfu/plate, which was higher in the afternoon than
morning. Most of the tested bacteria were sensitive to imipenem but resistant to ampicillin
Accepted: and ceftriaxone. Eighty percent of the bacteria were resistant to commonly used

antibiotics. The fact that, the airborne bacterial counts were higher in the afternoon could
be attributed to higher human influx and increased activities. Rigorous hygienic measures
and observance of standard operating procedures are recommended to improve the
microbiological indoor air quality and thus prevent potential infections by antibiotic
resistant airborne bacteria.
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Introduction

Indoor air quality refers to  theair
quality within and around most
infrastructures, mainly as it relates to the
well-being and comfort of building occupants.
"There are approximately ten times as many
bacterial cells in the human flora as there are
human cells in the body, with large numbers
of bacteria on the skin and as gut flora"
(Sears, 2005). Mycobacterium tuberculosis,
Streptococcus pneumoniae and
Staphylococcus aureus are among the most
abundant bacteria in indoor air and dust that
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are shed from humans (Cho and Blaser,
2012). The health care facility associated
infections (HFAI)-causing bacteria can be the
patient’s own normal flora or originating from
hospital wards’ materials such as bed sheets,
staff clothes, visitors as well as well-wishing
cards and flowers. Files kept close to bedside
in surgical wards have also been implicated as
viable sources (Beggs et al., 2015; Dancer,
2009). Therefore, sources of HFAI in
neonatal wards could be hospital airborne
pathogens or cross-contamination  from
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visitors and/or health care personnel. Hence,
exposure to airborne pathogenic bacteria is a
common denominator of all human life
(Martin and Martin-Granel, 2006).

Evidences show that microorganisms from an
infectious source may disperse over very
great distances by air currents and ultimately
be ingested, inhaled, or come into contact
with individuals who have had no contact
with the infectious source (Best and Redway,
2015; Adams et al., 2013; Polymenakou,
2012). Therefore, airborne pathogens present
a major challenge in infectious diseases and
infections control, as a small proportion of
infectious individuals may disseminate the
majority of infectious particles
(Polymenakou, 2012). Numerous airborne
microorganisms in healthcare settings are
increasingly found to have developed
multiple antimicrobial resistance (Sahoo et
al., 2010; Zhou and Wang, 2013; Lax and
Gilbert, 2015). The number and diversity of
health care facility acquired infections
(HFAI) are increasing and ubiquitous
affecting both developed and resource-limited
countries. In the healthcare facilities, airborne
infectious  particles can have varied
compositions; they can be aggregates of
several bacteria, fungal spores, or viruses.
They can also be biologic material carried by
other non-biologic particles (Sandle et al.,
2014).

Although all microbial infections affecting
newborns in hospitals can be considered as
HFAI; infections that become evident early
during the first week of life are normally due
to  mother-to-child  transmission.  Such
infections present a characteristic
epidemiology, different from that of hospital
infections acquired later in the neonatal
period. The Center for Disease Control and
Prevention (CDC) considers that HFAI
include those acquired intrapartum during
hospitalization, or within 48 hours after
hospital discharge (Yokoe et al., 2014). The
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exception includes transplacental infections
such as syphilis, toxoplasmosis and some
viral infections like herpes simplex, rubella
and HIV infection just to name a few
(Hawker et al., 2012; Vergnano and Heath,
2013). HFAI are among the major health
problems in neonatal wards in which
environmental and host factors predispose the
newborns to microbial infections such as
neonatal sepsis. Moreover, hospital settings
are very conducive for proliferation of
antimicrobial resistant and virulent pathogens.
Several studies indicate an association
between presence of these pathogens in the
hospital air and HFAI (Lax and Gilbert, 2015;
Best, 2015).

Heavily  microorganisms-loaded air in
hospital wards could significantly contribute
to cross-contamination and infection to the

occupants.  Although  no  established
guidelines are available regarding the
acceptable  limits;  there are  some

recommendations on bio-burden (microbial
loads) for hospital environments such that for
air-conditioned areas, it is less than 18 colony
forming unit per meter square (cfu/m®) for
passive air sampling through gravitational
settle plate with an exposure period of 15
minutes, or less than 500 cfu/ m* (Knoppel,
2013; WHO, 2010). Therefore, this study
intended to assess the indoor air quality in
neonatal wards and ascertain their antibiotics
sensitivity profiles.

Materials and Methods

Study area: The study was conducted in
neonatal wards of three tertiary hospitals
located within Dar es Salaam City namely
Muhimbili National Hospital, Temeke and
Amana municipal hospitals, which for
commercial and ethical purposes were
arbitrary assigned letters A, B and C. The
study was carried out between March and
July in 2016. Permission to conduct the study
was sought from both Muhimbili University
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of Health and Allied Sciences and the hospital
authorities.

Samples collection and processing: Sterile
9-cm diameter Nutrient agar (NA) plates were
strategically positioned in each of the
surveyed neonatal wards in morning and
afternoon; this was performed on two days of
the week selected at random. The NA plates
were exposed for 30 and 60 minutes to allow
the microorganisms to settle by gravitational
force. Each test was done in duplicate. Then
the NA plates were transported to
Pharmaceutical Microbiological Laboratory
for  further microbiological processing.
Results of gravity settle plate sampling were
expressed as numbers of viable bacteria per
unit area (plate) such that colony forming unit
per plate (cfu/plate). The isolated bacteria
were  subjected to  biochemical and
physiological tests for identification as per
standard procedures (Cheesbrough, 2006).

Antibiotic resistance profiling of bacteria

Antibiotic sensitivity tests on the identified
bacteria were performed on Muller Hinton
agar plates (Difco, Becton, Dickinson and
Company, Sparks, MD) using the Kirby-
Bauer’s disk diffusion method and
interpreted as per the Clinical & Laboratory
Standards Institute (CLSI) guidelines (CLSI,
2011). The following 10 most commonly
used antibiotics were employed in the tests:
ampicillin 10pg, amoxicillin-clavulanic acid
30ug, cotrimoxazole 25ug (Oxoid, England),
chloramphenicol 30pg, vancomycin 30pug and
imipenem 10pg (Medochemies, Cyprus);
others were ceftriaxone 30ug, amikacin30pug,
piperacillin  100pg and ceftazidime30pg
(Pharmathen-SA, Greece). Quality control
testing was performed using the following
organisms: Escherichia coli ATCC
(American Type Culture Collection) 25922,
Staphylococcus  aureus (ATCC  25923),

622

Klebsiella pneumoniae (ATCC 700603) and
Pseudomonas aeruginosa (ATCC27853).

Statistical Data Analysis

Each air sampling procedure was conducted
in duplicate and performed twice (morning
and afternoon) for statistical purpose and
consistence of results. Hence, resultant
numerical data are expressed as mean.
Statistical data analysis (means and variance)
for zones of inhibition (1Z) and correlation
between bacterial counts (cfu/plate) and NA
plate exposure time were carried out using the
computer package SPSS version 20 (Chicago,
IL). Differences of means for ZI among the
bacteria were compared to that of reference
strains of bacteria and analyzed by the T-test;
and the differences were considered
statistically significant when p<0.05.

Results and Discussion
Quantification of airborne bacteria

A total of 75 airborne bacteria from neonatal
wards were isolated and identified. Of these,
slightly less than half (49.3%; n=37) were
Staphylococcus species, of which S. aureus
constituted 89.2% (n=33). Escherichia coli
were the least frequently isolated enteric
bacteria (Table 1).

Likewise, there were significant differences
with regard to total viable counts of airborne
bacteria in the wards between evening and
morning among the surveyed wards in the
three hospitals (p<0.05). The number of
different isolated bacteria was relatively
higher in the morning (Table 1); however, the
viable bacterial counts were higher in the
afternoon (Figure 1). Though, the difference
of a number of airborne bacteria sampled in
the morning and evening was statistically not
significant (p>0.05).
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Table.1 A number of bacteria isolated from indoor air in neonatal wards
(in the morning and afternoon)

Sampling Hospita Number of isolated of bacteria (%0) Total

period S. aureus P. aeruginosa K. pneumonia E. coli S. epidermidis

Morning A 7(38.9) 3(49.3) 2(25.0) 1(25.0) 2(66.7)  15(38.4)
B 5(27.8) 2(34.2) 2(25.0) 2(50.0) 1(33.3) 12(30.9)
C 6(33.3) 1(16.4) 4(50.0) 1(25.0) 0(0.0) 12(30.7)

Total 18(100.0) 6(100.0) 8(100.0)  4(100.0) 3(100.0)  39(100.0)

Afternoon A 5(33.3) 4(40.3) 2(33.3) 2(50.0) 0(0.0)  13(36.2)
B 6(40.0) 2(19.3) 3(50.0) 1(25.0) 0(0.0) 12(33.2)
C 4(26.7) 4(40.3) 1(16.7) 1(25.0) 1(100.0)  11(30.6)

Total 15(100.0) 10(100.0) 6(100.0)  4(100.0) 1(100.0)  36(100.0)

Fig.1 Airborne bacterial counts in neonatal wards in the morning and afternoon

Mean Biohurden (cfulplate)

Table.2 Antibiotic sensitivity patterns displayed by isolated bacteria

Microbes Remark

Susceptible Intermediate  Resistant
STA (n=33) 23(70.0) 3(9.0) 7(21.0)
PSE (n=16) 9(58.0) 6(34.0) 1(7.0)
KLE (n=14) 9(65.0) 3(21.0) 2(13.0)
ECO (n=8) 7(78.0) 1(13.0) 0(0.0)
STE (n=4) 3(75.0) 0(0.0) 1(25.0)
Total (n=75) 52(69.3) 12(16.0) 11(14.7)
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Fig.2 Indoor airborne bacterial counts among the hospital wards.
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Fig.3 Variation of airborne bacteria quantity by exposure time (30 v 60 minutes).

3607 Errar bars: 95% Cl 'Ilgir}snpeulz?#iﬁ
300 -
240 SEE
180 =
120 T N I ;
g @—I—‘ N N =
L 350
g 300 =5 . T
S 2407 -.‘E o
e w
ESINEIN NN
@ 350
=
300 ; ) T
240 - T i
180 i
Ty NN SN
RINEINENENEN
STA PSE KLE ECO STE
Bacteria

A relatively higher quantity (cfu/plate) of compared to morning hours, while the least
indoor airborne Klebsiella pneumonia and S. were S. epidermidis. The aerobic counts of
aureus were encountered in the afternoon as airborne bacteria ranged from 19-383
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cfu/plate (with mean of 50-270cfu/plate) as
shown in Figure 1. Hospital B revealed the
highest bacterial counts, ranging from 150-
300 cfu/plate (Figure 2). About 80% of the
sampled NA plates revealed high bacterial
counts from the indoor air in the wards (data
not included).

A positive correlation (R=0.493; p< 0.001, 2-
tailed) between exposure time of NA plates
and bacterial counts was evident in all
wards/hospitals. Association between
exposure time of NA plates (for 30 and 60
minutes) and bacterial counts was also
observed (p< 0.001). Similarly, significant
differences of indoor bacterial counts
obtained at 30 and 60 minutes were apparent
(p=0.01) as shown in Figure 3. Regression
analysis also showed that a unit increase in
exposure time of the NA plates led to increase
of bacterial counts by 0.493 (p< 0.001).

Antibiotic resistance profiling of airborne
bacteria from the neonatal wards

A total of 11(14.7%) and 12 (69.3%) isolated
bacteria exhibited resistance and
susceptibility to the tested antibiotics. About
54.5% (n=18) S. aureus isolates were resistant
to the antibiotics (Table 2). No statistical
significant differences were observed with
regard to prevalence rates of antibiotic
resistance among isolated bacteria in the
surveyed hospital wards (p>0.05).

The bacteria exhibited resistance against 5 of
10 tested antibiotics namely amoxicillin-
clavulanic acid, vacomycin, chlorampenicol,
ampicillin and ceftazidime. About 81%
(n=39) of the samples (NA plates) exceeded
the airborne bacterial counts/quantity limits;
of those 14.2% (n=7) yielded resistant
bacteria to the tested antibiotics. About 21%
(n=7) of S. aureus were resistant to
ampicillin. An overall rate of antibiotic
resistance observed among the tested bacteria
was 80%. Moreover, only 67% of the tested
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bacteria were sensitive to imipenam.

The presence of airborne bacteria in hospital
environments is of great concern because of
their potential role as a source of HFAI.
Hospital indoor air may contain a wide range
of pathogenic and non-pathogenic
microorganisms which could originate from
patients, staff, visitors, ventilation and air
conditioning systems (Sandle et al., 2014).
Although some airborne bacteria in the
hospital settings may be harmless to healthy
people, they can impact negatively on a
vulnerable group of hospitalized patients and
cause serious threats to health (Mirhoseini et
al., 2015). Newborns in neonatal wards are at
great risk of HFAI due to drastic
environmental changes from sterile uterus to
non-sterile neonatal unit. Because of their
immature immune systems, they become
prone to infectious microbial diseases,
including from airborne pathogens (Kan et
al., 2016; Sullivan and Goodier, 2015).

The present study indicates that the indoor
airborne bacterial counts in the surveyed
wards were relatively higher than the
acceptable limits (WHO, 2010; Knopel,
2013). The indoor air quality was relatively
poor in the afternoon than morning. Among
various factors that may attribute to this
observation, include an increased influx of
patients’ relatives and medical personnel into
the ward as result of increased activities in the
wards. Not only that patients, visitors and
health care personnel harbor normal flora on
their bodies that are carried to the wards, but
also foodstuffs and other materials usually
brought to the wards contribute to the
increased microbial loads. Hence more
microorganisms could have been discharged
into the air (Qudiesat, et al 2009). Such influx
of airborne bacteria could increase airborne
transmitted HFAI (Kowalski et al., 2013).
Some of the airborne bacteria recovered from
the neonatal wards include potentially
pathogenic bacteria such E. coli and P.
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aeruginosa and other opportunistic bacteria
such as S. aureus and K. pneumonia. Presence
of S. aureus in the indoor environment or in
the hospital settings may be because of its
minimal growth requirements, high resistance
to harsh conditions and its easy transmission
through agents such as throat, skin, and nails.
In addition to that the bacterium can colonize
and establish infection in most parts of human
body and (Cho and Blaser, 2012; Zhou and
Wang, 2013).

Among the isolated bacteria namely S.
aureus, Klebsiella spp and E. coli have been

attributed to HFAI such as neonatal
septicemia, meningitis, pneumonia and
urinary tract infections. Such infections

constitute a major concern for public health
because of the increased length of stay of
patients and the cost of hospital care they may
cause (Sullivan and Goodier, 2015). To a
large extent, this can be ascribed to antibiotic
resistance, which is not uncommon in such
health facilities. Our findings showed that
most of the isolated bacteria were resistant to

commonly prescribed antibiotics namely
ampicillin, amoxyclav, cotrimoxazole,
chloramphenicol, vancomycin and

aminoglycosides (gentamicin and amikacin).
Gram  positive  bacteria,  particularly
Staphylococcus spp exhibited resistance to
ampicillin, which is a broad spectrum beta
lactam; and a drug of choice for such bacteria
(Tang et al., 2014). Among other factors, this
could due to clonal outbreak of beta-
lactamase producers in hospital settings.

Staphylococcus aureus is a major human
pathogen that causes a wide range of diseases.
Apart from causing external lesions and
systemic infections, the bacterium is also
responsible for toxin-mediated diseases, such
as toxic shock syndrome and staphylococcal
food poisoning (Johler et al., 2015; Resch et
al., 2008). Staphylococcus epidermidis is one
of the important causes of HFAI, largely
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because its ability to form/ accumulate
intracellular calcium-dependent and-
independent biofilm on the surfaces of
indwelling medical devices (Khan, et al.,
2015; Cheung and Otto, 2010). On the other
hand, P. auruginosa exerted the highest rates
of antibiotic resistance to amoxicillin-
clavulanic acid and ceftriaxone; these are
antibiotics (B-lactamase inhibitors) intended
for beta-lactamase producing bacteria and a
third generation broad spectrum
cephalosporin respectively. Both antibiotics
are second line drugs in case of resistance to
first line beta-lactams (Zhanel et al., 2014;
Tang et al., 2014).Ever since, these
antibiotics have been useful in treating HFAI,
although increasing levels of extended-
spectrum beta-lactamases are reducing the
clinical utility of this class of antibiotics.

In conclusion, Staphylococci were the most
frequently isolated airborne bacteria in
neonatal wards and hence they are potential
air contaminants. Isolation of high bacterial
counts of both normal flora and coliform
bacteria is of health concern. High rates of
antibiotic resistance were observed among the
isolated  bacteria, particularly  against
commonly used antibiotics such as ampicillin,
amoxicillin-clavulanic acid and ceftriaxone.
Relatively higher bacterial counts were
apparent in the afternoon as compared to
morning, which could be attributed not only
to higher human influx of patient relatives,
health care workers and increased human
activities in the afternoon, but also poor
sanitation and environmental contaminations.

More stringent hygienic measures should be
imposed to improve the indoor air quality in
the neonatal wards and prevent spread of
antimicrobial resistance by the contaminant
bacteria. Standard operating procedures on
infection control should be strictly adopted at
all the levels of health care delivery. Finally,
we suggest that further studies should be
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conducted in order to ascertain association
between bacterial counts of airborne bacteria
with incidences of HFAI in hospital settings
in Dar es Salaam
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