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Abstract
Acinetobacter baumannii ability to form biofilm makes it to be opportunistic pathogen causing of
nosocomial infections and to be good survivor in adverse environmental conditions including medical
devices and hospital environments.
Six isolates of A. baumannii were isolated from drinking water and tested to investigate biofilm
formation capacity on three different type of abiotic surface, also several factors were examined such
as hydrophobicity, PH and temperature.
All A. baumannii isolates displayed a positive biofilm on congored aga test CRA (pigmented colonies
with black color) and Christensen’s test (adhesive layer of stained material to the inside surface of
the tube).The obtained data of microbial adhesion to hydrocarbons assay (MATH) assay revealed
that the percentage of all isolates ranged between (45-75%).
Results of recent study revealed that optical density OD values were consistently higher on catheter
than on that of the polystyrene and glass at any of the PH and temperature Temperature 37◦C and
PH 4 have greatest positive effect on biofilm formation process than other values, Current study may
help in additional understanding of A. baumannii ability to form biofilm on abiotic surface which may
be is used in medical devices’ manufacturer and role of this in spreading of this pathogen in hospital
environment.
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INTRODUCTION
A. baumannii is a Gram-negative, aerobic, nonfermenting bacterium which is frequently found and
isolated from different environments, including surface
water or soil (Zhang et al, 2013; Bartram, 2015), also
named as “Iraqi bacter” because of its emergence in US
military treatment facilities during the Iraqi War in Iraq,
(Taitt et al, 2014). A. baumannii are commonly isolated
from unpolluted sites, like, surface, tap or ground water
(WHO,2017), these environments consider great
sources of this species with potential to be significant
health care-related bacteria, especially immunecompromised persons, such as, via room humidifiers
and water baths (WHO, 2017), in this matter, the biofilm
formation capacity of A. baumannii is recorded to be
great virulence factor (Bhargava et al, 2010; Simoes et
al, 2010) and this bacteria was found to contaminate
healthcare workers’ hand and colonize different objects,
involving medical tools,equipment, hospital furniture,
gloves and gowns of healthcare workers (Morgan et al,
2010; La Fauci et al, 2019). Its ability to formation of
biofilm makes it to be opportunistic pathogen causing of
nosocomial infections and to be good survivor in
adverse environmental conditions including medical

devices and hospital environments (Pakharukova et al,
2018).The most frequent infections that are resulted by
A. baumannii in hospitals involve urinary tract infection,
pneumonia, peritonitis, bacteraemia, meningitis, and
surgical wound infection (Fournier et al, 2006). The aim
of this work was to investigate adhesive property of A.
baumannii and study the effect of PH and temperature
on biofilm formation on abiotic surfaces (catheter, glass
and polystyrene) that may have potential application in
prevent biofilm formation by this species in hospital
environment.

MATERIALS AND METHODS
Isolation and identification
Drinking water were collected and subjected to
microbiology tests according to (Standing Committee of
Analysts, 2017), all samples were cultured on some
bacteriological media. All bacterial isolates were
examined morphologically by Gram’s stain and
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subjected to some biochemical tests and further
confirmation tests (API 20E and ID 32 mini API systems)
were used.

Negative controls were achieved by adding 2 ml of
low nutrient medium instead of 2 ml of A. baumannii
suspension then incubation for (24, 48, 72) hr.

Detection of slime layer production
Congo red agar method
This medium was prepared as previously described,
a positive result indicated by black colonies and the nonslime producers usually remained pink (Freeman et al,
1989).
Christensen’s method
This test was done as previously described, a
positive result was revealed by the founding of an
adherent layer of stained material to the inside surface
of tube (Christensen et al, 1982). Microbial adhesion to
hydrocarbons assay (MATH); Hydrophobicity was
determined by using affinity test to xylene was
previously described (Rosenberg et al, 1980; Lather et
al, 2016).The hydrophobicity index (HI) was calculated
by using the following equation: HI = (A660 control-A660
test)/A660 control. The isolates were considered as
strongly hydrophobic when the hydrophobicity index was
above (70%), and hydrophilic when the hydrophobicity
index was below (30%) (Rosenberg et al, 1980; Lather
et al, 2016).
Selection of abiotic surfaces
Polystyrene, glass, catheter were selected for the
adhesion tests, were cut into uniform size of 1cm2
coupons. Prior to adhesion tests, polystyrene and
catheter were swabbed by absolute ethanol then
washed and rinsed thoroughly eight times with deionized
water, glass coupons were directly autoclaved at 121◦C
for 15min (Mafu et al, 2011).
Study effect of pH and temperature on A.
baumannii biofilm formation on abiotic surfaces.
This study investigate the biofilm formation by A.
baumannii isolate on three different surfaces:
Polystyrene, catheter and glass surfaces under different
temperature and pH values by crystal violet binding
assay,the most efficient biofilm producers isolate was
selected.
A single, isolated colony was grown in 50 ml of BHIbroth that incubated at 37◦C for 18 h. Working culture
was containing 2 ml of the bacterial suspension in BHIbroth and 18 ml of low nutrient medium BHI-broth (Brain
Heart Infusion Broth was prepared according to the
instructions of Manufacturer Company, and then diluted
ten times (Krolasik et al, 2010).
The effect of pH was examined by production of
biofilm in low nutrient broth BHI-broth modified at pH
values (4,7 and 9) with NaOH or HCl, while the
temperature effect was examined by incubation under
different temperature 5 ◦C, 37 ◦C and 40 ◦C at pH 7. The
inoculation step was achieved by adding 2 ml of bacterial
suspension of A. baumannii on different types of
coupons.

Quantification of biofilm
Crystal violet method was used to measure the
formation of biofilm which measures the total biofilm
biomass, including bacterial cells and extracellular
matrix. This assay was adapted from (Adetunji and Isola,
2011; Pui et al, 2011; Tang et al, 2012). At the end of
each incubation periods, a set of coupons were
aseptically removed, these coupons were washed 3 time
by using 1 ml distilled water in order to remove the
loosely attached bacterial cells, then coupons were air
dried and adherent bacteria were stained with 2 ml of
crystal violet stain 0.1% (w/v) for each coupon at 37°C
for twenty minute. The exceed stain fluid were discard
from the coupons, washed with one milliliter distilled
water three times and coupons were kept for drying at
room temperature. After drying, the adherent stain was
dissolved with 2 milliliter of 99.9% ethanol for twenty
minutes, finally the crystal violet concentration was
detected by measurement optical density of de-staining
solution at 620 nm (OD620 value- C value). This
experiment conducted twice with duplicate in each time.
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RESULTS AND DISCUSSION
Isolation and identification
A. baumannii has emerged worldwide as an serious
hospital acquired bacteria that lead to outbreaks and
infection of critically ill, hospitalized patients (de Breij et
al, 2009). Six isolates of A. baumannii (8.6 %) were
obtained from drinking water samples. Isolates were
identified according to their morphology and biochemical
characteristics, also API 20E and ID 32 mini API test
systems were used to confirmation bacteria as A.
baumannii.
Recent isolation rate is similarly to (Samie et al,
2012) who found that recovery rate of Acinetobacter
from Household Drinking-water is (7.5 %) and less than
Bifulco et al, (1989) was 16%.
Some former studies proposed Some degree of
pathogenic potential for isolates obtained from drinking
water and consider as opportunistic bacteria (Bifulco et
al, 1989; Leclerc and Moreau, 2002; WHO 2008; Eliwi et
al, 2013;Narciso-da-Rocha et al, 2013; Umezawa et al,
2015).
Detection of slime layer production by
Congored agar and Christensen’s tests
All A. baumannii isolates (100 %) displayed a
positive biofilm on congored aga test CRA (pigmented
colonies with black color) and Christensen test
(adhesive layer of stained material to the inside surface
of the tube), recent results greater than findings of
(Babapour et al, 2016), who used congo red to
qualitative investigation of biofilm production, Bifulco et
al,(1989) found that isolates obtained from drinking
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water is producer of slim material and was not
significantly differ from clinical isolates.

Microbial adhesion to hydrocarbons assay
(MATH)
The results of (MATH) assay revealed that the
percentage of all isolates ranged between (45-75%),
that means, all isolates have hydrophobic cell surface,
this results in accordance with M’hamedi et al, (2014).
Hydrophobicity of the bacterial cell surface is one of
the most essential factors which control the mechanism
of bacterial attachment to animate and inanimate
surfaces and biofilm formation (Donlan 2002) i.e., rising
of bacterial hydrophobocity causing of rising of
attachment capacity (Akiyama et al, 1998). Most
fimbriae that have been tested consist of a large
percentage amino acid residues with hydrophobic
property (Rosenberg and Kjelleberg,1986). Also
fimbriae have an effect on cell surface hydrophobicity
and adherence, perhaps by reducing the introductory
electrostatic repulsion barrier that occur between
substratum and the cell (Corpe, 1980).
Study effect of pH and temperature on A.
baumannii biofilm formation on abiotic surfaces
In general, the results of recent study revealed that
A. baumannii attached and formed biofilm on catheter
coupons, greater than other surfaces (P<0.05) at all
examined factors followed by polystyrene, finally glass
coupons, showed the least intensity of bacterial
adhesion on investigated surfaces, these results came
in agreement with Musleh and Jebur, (2014) who found
similar pattern of adhesion on catheter and glass (Pour
et al, 2011 Musleh and Jebur, 2014).
Recent results of adhesion pattern on examined
surface can be explained by physiochemical properties
of these surfaces, such as catheter is made of
hydrophobic material like polymers while glass was less
biofouled, the most hydrophobic surfaces have a higher
capability to attract bacterial cell and form biofilm, in
other hand, less attraction of bacterial cell and biofilm
formation were observed in the most hydrophilic
surfaces (Donlan, 2002; Houdt and Michiels, 2010; Dela-Pinta et al, 2019).
Several previous studies revealed that roughness is
the most factor for bacterial attachment and biofilm
formation (Pier‐Francesco et al, 2006; Al‐Ahmad et al,
2010; Zaugg et al, 2017) and other suggested that
hydrophobicity is the main affecting factor (Koseki et al,
2014; Jindal et al, 2016). However, most researchers
regard both factors, hydrophobicity and roughness,
essential for attachment and biofilm development (Gyo
et al, 2008; Zhao et al, 2014) depending their influence
on the specific micro-organism (Wassmann et al, 2017).
According to recent data, maximum optical density
OD values (which represented biofilm density) was
reach at 24 hr incubation period compared to other
periods (48 and 72).The first period correlates to

Fig. 1. Mean OD value of biofilm formation by A. baumannii
on three surfaces at PH 4

Fig. 2. Mean OD value of biofilm formation by A. baumannii
on three surfaces on at PH 7

Fig. 3. Mean OD value of biofilm formation by A. baumannii
on three surfaces at PH 9
Table 1. Relationship between three surface and mean
value of biofilm formation by A. baumannii (OD 620) at pH
4
Surface
Polystyrene
Catheter
Glass
LSD value
* (P<0.05).

24 hr.
0.167
0.410
0.045
0.l07 *

days
48 hr.
0.092
0.130
0.055
0.063 *

72 hr.
0.04
0.111
0.01
0.075 *

LSD value
0.094 *
0.116 *
0.042 NS
----

significant biofilm production and the second to biofilm
dispersal, with a dispensation of bacterial cells into the
culture medium (Djeribi et al, 2012).

pH
In general, If the pH differs from the optimal range
may slow growth of bacteria, causing in death of bacteria
then stopping of biofilm formation. However, this is only
the case in the first stage of biofilm formation. (Jones et
al, 2015).
In recent study the impact of cultivation pH was
examined at pH values (4, 7 and 9).The results were
summarized in Figs. 1, 2, and 3, Tables 1, 2 and 3 which
showed the ability of A. baumannii to adherence to all
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Table 2. Relationship between three surface and mean
value of by A. baumannii biofilm formation (OD 620) at pH
7
Surface
Polystyrene
Catheter
Glass
LSD value
* (P<0.05).

24
0.096
0.172
0.0515
0.066 *

Days
48
0.057
0.08
0.0502
0.029 NS

72
0.03
0.07
0.012
0.064 NS

LSD value
0.063 *
0.070 *
0.043 NS
----

Table 3. Relationship between three surface and mean
value of Biofilm formation by A. baumannii (OD 620) at pH
9
Surface
Polystyrene
Catheter
Glass
LSD value
* (P<0.05).

24 hr.
0.052
0.08
0.0293
0.0496 *

days
48 hr.
0.0301
0.04
0.0152
0.033 NS

72 hr.
0.0101
0.011
0.0107
0.0094 NS

Fig. 3. Mean OD value of biofilm formation by A. baumannii
on three surfaces at PH 9

LSD value
0.042 NS
0.071 *
0.018 NS
----

Table 4. Relationship between three surface and mean
value of biofilm formation by A. baumannii (OD 620) at 4 C
Surface
Polystyrene
Catheter
Glass
LSD value
* (P<0.05).

24 hr.
0.06
0.197
0.087
0.074 *

days
48 hr.
0.034
0.063
0.0603
0.034 NS

72 hr.
0.017
0.043
0.0101
0.032 NS

LSD value
0.044 *
0.085 *
0.059 *
----

Fig. 4. Mean OD value of biofilm formation by A. baumannii
on three surfaces at 4 ◦C

Table 5. Relationship between three surface and mean
value of biofilm formation by A. baumannii (OD 620) at 37
C
Surface
Polystyrene
Catheter
Glass
LSD value
* (P<0.05).

24 hr.
0.101
0.222
0.06
0.079 *

days
48 hr.
0.08
0.091
0.042
0.055 NS

72 hr.
0.05
0.04
0.02
0.032 NS

LSD value
0.053 NS
0.088 *
0.046 NS
----

Table 6. Relationship between three surface and mean
value of biofilm formation by A. baumannii (OD 620) at 40
C
Surface
Polystyrene
Catheter
Glass
LSD value
* (P<0.05).

24 hr.
0.082
0.152
0.08
0.079 *

days
48 hr.
0.041
0.085
0.051
0.055 NS

72 hr.
0.041
0.083
0.022
0.032 NS

LSD value
0.046 NS
0.0618 *
0.056 *
----

three coupons surfaces under all selected pH values,
but in different degrees,in which increased in pH (pH4)
lead to a higher biofilm production in catheter coupons
surfaces (P<0.05), followed with neutral pH (pH7), while
at the alkaline environment (pH9) a less biofilm
production was observed, that refer to the alkalinity have
inhibiter role on biofilm formation process.
Bacteria turn into more resistant against acidity after
the initial attachment phase, because the protection of
the Exopolysaccharides matrix, while planktonic cell are
more sensitive to acidity (Liu et al, 2015), the resistance
of A. baumannii at different levels of this factor could
clarify the noticed persistence at the inanimate surfaces
in hospital. (Martí et al, 2011).
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Fig. 5. Mean OD value of biofilm formation by A. baumannii
on three surfaces at 37 ◦C

Fig. 6. Mean OD value of biofilm formation by A. baumannii
on three surfaces at 40 ◦C

According to recent data, pH 9 is considered as
inhibitor factor of biofilm formation process that in
agreement with (Qin et al, 2015; Nostro et al, 2012),
alkalinity could be hopeful towards the reducing of
bacterial colonization and therefore the decreasing of
the biofilm-associated infections, by treatment surfaces
like catheters or indwelling medical devices with alkaline
solutions (Qin et al, 2015 ; Nostro et al, 2012)
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Current results were somewhat different from the
values reported by (Pour et al, 2011) who found that
biofilm production by A. baumannii was maximal at 30
◦C, pH 7.0, this may be due to the difference in source
of isolates.

Temperature
Temperature is another important factor that affect
the first phases of biofilm formation (Moldoveanu, 2012).
According to the obtained data from recent study,
temperature 37◦C has greatest positive effect on biofilm
formation process than other temperature values
followed by 4 ◦C finally 40◦C, previous researchers
(M’hamedi et al, 2014) reported that this process is
found to be more significant at 30 than at 37°C.
Bacterial metabolism is directly related to enzyme s’
presence, which means that the biofilm production relies
upon the reaction rates of the enzymes. Important factor
that affects the rate of enzyme s’ reaction is the
temperature, as it is related to the production of cells
forming a biofilm (Garrett et al, 2008). In addition, studies
have shown that the bacteria possess an increased

Oleiwi et al.

surface area when compared to higher temperatures (35
◦C) at low temperatures (10 ◦C) (Nisbet et al,1984;
Herald and Zottola, 1988 ; Rampadarath et al., 2017;
Vásquez-Ponce et al, 2017; Govaert et al, 2018). Also
biofilm formation is related to appendages such as
flagella, the number of flagella from bacteria is
dependent on the temperature. (Townsley and Yildiz,
2015).

CONCLUSION
Recent study showed the capacity of drinking water
A. baumannii isolates to form biofilm on three type of
abiotic surfaces also the effect of several factors on
biofilm ability such as PH and temperature.
Optical density OD values were consistently higher
on catherter than on that of the polystyrene and glass at
any of the PH and temperature.
The interesting feature of biofilm formation by A.
baumannii in recent study is the increasing of optical
density OD value in PH 4.
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