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Abstract

The opportunistic pathogen Acinetobacter baumannii occupies niches in human and veterinary clinics and other environments. This comparative
study was designed to assess the recovery rate of Ac. baumannii from 20 soil samples collected in Germany (from which Ac. baumannii had
been previously isolated) on selective CHROMagar Acinetobacter (CMA) and MacConkey Agar (MCA). Suspected Ac. baumannii were confirmed
by detection and sequencing of blaOXA-51-like genes. Overall, the recovery rate of Ac. baumannii from both media was similar. Out of the 20 soil
samples enriched in mineral salt medium (MM) plus 0.2% acetate for 5 h, Ac. baumannii was recovered from 12 (60%) on CMA and 11 (55%)
on MCA, and from 14 (70%) with both selective media after enrichment for 24 h. Typical and distinct colonies of Ac. baumannii were more often
observed on CMA with soil enriched in MM for 5 h, while on MCA distinct colonies were more obvious after 24 h. In five soil samples (25%),
strains harbouring different OXA-51-like variants were recovered on MCA. Late lactose fermentation (48 h) was observed on MCA. The study
suggests that no single growth medium would efficiently recover Ac. baumannii from all soil samples.

Significance and impact of the study:

The study established that MacConkey and CHROMagar Acinetobacter culture media did not differ in the rate of recovering Ac. baumannii from
soil samples. In addition to that, using the two media provides a greater discriminatory power to recover more variants of Ac. baumannii from
soil samples. The study also indicated that enriching the soil samples in mineral salt medium supplemented with 0.2% acetate for up to 24 h
could improve the chance of isolation from soil samples with low content of Ac. baumannii.
Keywords: Acinetobacter baumannii, soil, MacConkey agar, CHROMagar Acinetobacter, culture media

Introduction

The World Health Organization has ranked carbapenem-
resistant Acinetobacter baumannii as a pathogen of critical
priority to public health worldwide (WHO 2017). This is be-
cause they cause a wide range of opportunistic infections,
which range from septicaemia to pneumonia in humans, espe-
cially in hospitalized and immune-compromised patients, and
resist treatments with multiple antibiotics (Zilberberg et al.
2016).

Acinetobacter baumannii are strictly aerobic, Gram-
negative, oxidase-negative, and nonflagellated bacteria that
are microscopically short rods or cocco–bacilli in shape.
They are highly ubiquitous and successful bacteria that have
occupied an extremely diverse range of niches in different
ecosystems, such as hospital environments (Ababneh et al. ),
aquatic environments (Benoit et al. 2020), municipal wastew-
ater treatment plants (Hrenovic et al. 2016), fruits (Ababneh
et al. 2022b), vegetables (Karumathil et al. 2016), and differ-
ent type of soil (Jiang et al. 2018, Dekic et al. 2020).

In addition, Ac. baumannii has also been isolated from dif-
ferent animal sources, including birds, cattle, pigs, and chick-
ens, and it is among the species implicated in animal diseases
(Müller et al. 2014, Ewers et al. 2017). Their high adaptabil-
ity to adverse conditions in soil (such as the ability to persist

for months in dry and moist soil) and ability to quickly ac-
quire multiple antibiotic-resistant genes from soil and from
soil-dwelling bacteria, can facilitate their spread into other en-
vironments, including hospitals (Gallego 2016, De Silva and
Kumar 2019, Sharma et al. 2021). Due to soil complexity,
Ac. baumannii has been reported to coexist with closely re-
lated Acinetobacter species such as Ac. bohemicus (Krizova et
al. 2014), Ac. kookii (Choi et al. 2013), Ac. soli (Kim et al.
2008), Ac. pittii, Ac. nosocomialis, Ac. albensis (Krizova et al.
2015), and distantly related Pseudomonas aeruginosa, Kleb-
siella spp. (Pramila et al. 2012), which makes their isolation
more difficult based on morphology and antimicrobial resis-
tance, as evidence of interspecies interactions between them
has been reported to facilitate the exchange of resistance and
virulence genes. For instance, a number of Ac. baumannii from
soil samples in Brazil have been reported to harbour several ß-
lactamase encoding genes with new sequence types (ST) simi-
lar to the multidrug phenotype that has been more commonly
reported for clinical isolates of Ac. baumannii (Furlan et al.
2018).

Therefore, effective culture-based methods and techniques
that will facilitate recovery and identification of Ac. bauman-
nii from complex soil environment is critical, especially when
carrying out researches that aim to survey and quantify levels
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Table 1. Characteristics of soil samples and Ac. baumannii isolated using CMA and MCA.

S/N Sample ID

Collection date
(month-day-

year)
Collection site (GPS

coordinates) pH value∗

OXA-51-like
variant originally
identified (CMA)

Novel
OXA-51-like

variants (MCA)

1 U20-Hope-S25 08-03-2020 51.863328, 10.831263 6.0 408 106
2 U20-ZW-S17.7 05-23-2020 51.827424, 10.788081 6.5 65
3 U20-ZW-S26 09-18-2020 51.827424, 10.788081 6.5 180
4 U20-Hope-S26 08-27-2020 51.863283, 10.831391 6.5 Truncated

(GenBank:
OL944015)

5 U20-Hope-S30 08-27-2020 51.863328, 10.831263 7.0 314 69, 761
6 U21-Hope-S7 06-07-2021 51.863332, 10.831215 7.0 773
7 U21-Hope-S5 06-07-2021 51.863328, 10.831263 6.5 65
8 U20-Hope-S31 10-22-2020 51.863328, 10.831263 6.5 510
9 U20-Hope-S33 10-22-2020 51.863283, 10.831391 6.5 91
10 U21-Benzi-S4 05-17-2021 51.837082, 10.870252 6.5 51
11 U21-Benz-S1 04-19-2021 51.837082, 10.870252 6.5 1093 (GenBank:

OL944014)
12 U21-Hope-S8 06-28-2021 51.863283, 10.831391 6.0 208
13 U21-Hope-S13 07-15-2021 51.863283, 10.831391 6.5 208
14 U21-Hope-S12 06-28-2021 51.863328, 10.831263 6.5 340 208
15 U21-Hebata-S17 07-15-2021 51.827404, 10.887331 6.5 314
16 U21-Zibata-S4 07-14-2021 51.807115, 10.806543 6.5 104
17 U21-ZW-S8.1 07-14-2021 51.827424, 10.788081 7.5 314 126
18 U21-ZWS-8.4 07-14-2021 51.827424, 10.788081 7.5 314 90,1092

(GenBank:
OL944013)

19 U21-Hebata-S11 06-22-2021 51.826746, 10.886730 6.5 69
20 U21-Schma-S4 06-07-2021 51.890750, 10.763045 6.5 51

∗ pH value determined with Macherey–Nagel pH-Fix pH strips (pH 2–9) after resuspension of 1 g of soil sample into 5 ml double-distilled water.

Table 2. Growth index (0–4) of Ac. baumannii isolated on MCA and CMA.

S/N Sample ID Distilled water MM incubation period (h)

5 24

CMA MCA CMA MCA CMA MCA

1 U20-Hope-S25 0 1 1 2 2 3
2 U20-ZW-S17.7 0 1 0 1 0 1
3 U20-ZW-S26 1 0 1 1 4 4
4 U20-Hope-S26 1 0 1 1 3 3
5 U20-Hope-S30 0 1 1 1 3 4
6 U21-Hope-S7 1 0 1 0 3 0
7 U21-Hope-S5 0 0 0 0 1 2
8 U20-Hope-S31 0 0 0 0 0 0
9 U20-Hope-S33 0 1 1 1 4 3
10 U21-Benzi-S4 0 0 0 0 4 3
11 U21-Benzi-S1 0 0 0 2 2 3
12 U21-Hope-S8 0 0 2 0 4 3
13 U21-Hope-S13 0 0 1 1 2 3
14 U21-Hope-S12 0 0 2 1 3 3
15 U21-Hebata-S17 0 0 0 0 0 0
16 U21-Zebata-S4 0 0 1 0 0 0
17 U21-ZWS-8.1 0 0 1 1 2 2
18 U21-ZWS-8.4 0 1 1 1 4 3
19 U20-Hebata-S11 0 0 0 0 0 0
20 U21-Schma-S4 0 0 0 0 0 0

0 means no typical colony of Ac. baumannii observed, 1 means 1–10 colonies, 2 mean 11–50 colonies, 3 signifies semi confluent colonies (51–100 colonies),
and 4 confluent colonies (too numerous to count).

of their contamination in the environment. Such methods may
also be adaptable to the clinical context, thereby improving
sensitivity of surveillance and diagnostics, and thus reducing
the risk of Ac. baumannii infection outbreaks in hospitals and
communities.

In an effort to achieve this, selective media have been devel-
oped to assist in quick isolation of multidrug-resistant (MDR)

and non-MDR Acinetobacter species from different clinical
and environmental samples such as blood, water, sewage, and
soil. Currently, CHROMagar Acinetobacter (CMA) is consid-
ered a highly selective growth medium for the isolation of
Acinetobacter species and frequently used in clinical labora-
tories (Gordon and Wareham 2009, Ajao et al. 2011). Some
studies have compared the recovery rate of CMA and other

D
ow

nloaded from
 https://academ

ic.oup.com
/lam

bio/article/76/2/ovac051/6895552 by guest on 06 M
arch 2023



Isolation of Acinetobacter baumannii from soil 3

Figure 1. Colonial appearances of Ac. baumannii and other bacteria on CMA and MCA for soils enriched in MM + 0.2% acetate for 5 h. (a), (c), and (e)
show growth on CMA while (b), (d), and (f) show growth on MCA. Depending on the soil type and the amount of Ac. baumannii in the soil, the number
of typical colonies varies. In (a) and (b), the growth indexes are different. In (a), it is 1, with only a few typical colonies of Ac. baumannii while in (b), it is 2.
In (c), more typical colonies of Ac. baumannii are prominent, but in (d), typical colonies are hardly distinguishable from other colonies. (e) and (f) show
semiconfluent growth of colonies, with few colonies of Ac. baumannii embedded in colonies of other bacteria. Arrows exemplify typical Ac. baumannii
appearance. (g) and (h) shows typical appearance of reference Ac. baumannii strain ATCC 17978 on CMA and MCA.

selective and nonselective media in isolation of Ac. bauman-
nii from different samples. For instance, Ajao et al. (2011)
compared CMA and MacConkey agar (MCA) efficiency in
isolating Ac. baumannii from clinical samples and revealed

that MCA was able to identify 89% of Ac. baumannii against
100% recorded for CMA. Benoit et al. (2020) compared se-
lective CMA and nonselective Modified Karmali Agar (MKA)
in the isolation of Ac. baumannii from different water sam-
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Figure 2. Different colonial appearances of Ac. baumannii and other
bacteria on CMA and MCA after enrichment of different soil samples in
MM + 0.2% acetate for 24 h. Plates (a) and (c) are CMA, while (b) and (d)
are MCA. Growth index in (a) and (b) is 4. In (a), a more confluent growth
with no typical identifiable colonies of Ac. baumannii while in (b), the
confluent growth with less identifiable Ac. baumannii colonies. In (c) and
(d), more typical colonies of Ac. baumannii are more prominent and
distinguishable from other bacteria (growth index 3).

ples and concluded that Ac. baumannii is highly adaptable
to grow on selective and nonselective growth media at differ-
ent temperature and incubation conditions and that no single
growth media would efficiently recover Ac. baumannii from
all environmental water types. So far, no study has compared
the recovery rate of CMA with other media in the isolation of
Ac. baumannii from soil samples, and in determining if sin-
gle media could isolate all variants of Ac. baumannii. This
study aimed to compare the recovery rate of Ac. bauman-
nii from soil samples using selective CMA and MCA growth
media.

Materials and methods

Soil sample collection and culture media

In this study, two types of culture media were used, stan-
dard MCA and CMA without MDR supplements. All plates
were prepared according to the manufacturer’s instructions
and were stored at 4◦C for up to 1 week until used. Quality
control was ensured by growing on the media 10 characterized
strains of Ac. baumannii previously isolated from soil samples.

For comparing the sensitivity and specificity of CMA and
MCA in recovering Ac. baumannii from soil samples, 5 g of
previously collected soil samples from different locations in
Germany were used for the study. From each of the 20 soil
samples, Ac. baumannii had been previously isolated using
CMA (Wilharm et al. 2017). The original isolation protocol
consisted of an enrichment step for 5 h at 37◦C in MM +0.2%
acetate as detailed below, followed by spreading on CMA and
incubation for 18 h at 37◦C. The pH of all soil samples was
in the range between 6.0 and 7.5. The sample site and date of
collection as well as blaOXA-51-like variant of each Ac. bauman-
nii isolated from the soils are given in Table 1.

Preparation of samples and isolation of Ac.
baumannii

To achieve recovery of Ac. baumannii, 5 g of each soil sam-
ple was transferred into two separate sterile 50 ml bottles,
and 5 ml of (i) mineral salt medium (MM) supplemented with
0.2% acetate and (ii) distilled water was added to each bottle.
The composition of the MM per liter of water is 10 g KH2PO4,
5 g Na2HPO4, 2 g (NH4)2SO4, 0.2 g MgSO4.7H2O, 0.001 g
CaCl2 (2H2O), 0.001 g FeSO4.7H2O, and 0.2% sodium ac-
etate (pH 7.0) (modified after Baumann 1968 and Nemec et
al. 2009). The soil suspension in MM +0.2% acetate was vig-
orously vortexed and incubated in a rotary shaker for 5 h and
up to 24 h at 37◦C. Similarly, 5 g of soil resuspended in dis-
tilled water was also vortexed and incubated for 5 h at 37◦C.
After incubation, 100 μl of the soil suspensions were simulta-
neously inoculated onto CMA and MCA by means of a sterile
glass spreader and were incubated at 37◦C for 18–24 h.

After incubation, growth of typical Ac. baumannii on both
plates was examined based on colonial appearance and was
assessed semi quantitatively based on 4 scale growth indexes
(i.e. 0–4) previously adopted by Moran-Gilad et al. (2014),
where 0 means no typical colony of Ac. baumannii observed,
1 means 1–10 colonies, 2 represents 11–50 colonies, 3 signi-
fies semi confluent colonies (51–100 colonies), and 4 conflu-
ent colonies (too numerous to count). For easy identification
of typical Ac. baumannii morphology and counting, the plates
were viewed under a magnifying lens, and an average number
of colonies for the duplicate plates was recorded. A typical
colony of Ac. baumannii on CMA was based on the manu-
facturer’s instruction while on MCA, it was based on obser-
vation of nonlactose fermenting colonies with raised, smooth
edge appearance of varying size. For each morphotype sus-
pected to pertain to Ac. baumannii, a representative colony
was picked and subcultured onto Mueller Hinton blood agar
(MHBA), incubated at 37◦C for 18–24 h. After incubation,
colonies were examined and used for further confirmation by
applying molecular techniques.

Genotypic confirmation of Ac. baumannii

The DNA of the suspected Ac. baumannii isolated from both
culture media was extracted by a boiling method (heating
at 95◦C for 10 min), after emulsifying a slight portion of
the pure bacterial colony in 40 μl of sterile distilled wa-
ter. Amplification of blaOXA-51-like genes was carried out as
previously reported (Turton et al. 2006). For each blaOXA-
51-like positive strain, the full length sequences of blaOXA-51-like
genes were determined after amplification with primers OXA-
69A (5′-CTAATAATTGATCTACTCAAG-3′) and OXA-69B
(5′-CCAGTGGATGGATGGATAGATTATC-3′) (Héritier et
al. 2005). Newly identified variants were registered and de-
posited in the NCBI database.

Results and discussion

Research laboratories continue to face challenges of an ap-
propriate and affordable method of recovering Ac. baumannii
from complex soil environments, due to their varying popula-
tion density in different soil and their ability to adapt to dif-
ferent environmental conditions. Considering the need to ex-
plore many soil ecologies for Ac. baumannii colonization and
other surveillance sites, selecting an appropriate medium that
has selective and differential properties that will enable easy
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Isolation of Acinetobacter baumannii from soil 5

isolation of soil-dwelling Ac. baumannii is very crucial. This
study was, therefore, designed to evaluate two common
growth media and time of soil enrichment in MM + 0.2%
acetate for their ability to support the easy recovery of Ac.
baumannii from various soil sources for the purpose of sur-
veying and monitoring Ac. baumannii.

Two agar-based culture media (CMA and MCA) were se-
lected for the study because they are widely used in the isola-
tion of Acinetobacter species from different samples. CMA, in
particular, has been recommended for the isolation of Acine-
tobacter spp. from clinical samples and has been tested by var-
ious comparative studies along with other media to isolate
specifically carbapenem-resistant Acinetobacter species from
clinical and to some extent environmental samples (Ajao et
al. 2011, Moran-Gilad et al. 2014). However, results from
such studies have not indicated a total superiority of the me-
dia over other selective or differential media, specifically, in
terms of differentiating Ac. baumannii from other Acineto-
bacter species based on colonial appearance. Similarly, Mac-
Conkey and blood agar have also been used to isolate Acine-
tobacter species from clinical and other samples (Tjoa et al.
2013). In both cases, other types of Gram-negative bacteria
also grew on the media, making the media not exclusive for
isolation of Ac. baumannii. However, for studies designed to
isolate Ac. baumannii with natural resistance level from differ-
ent soil environments in temperate climates, such comparative
analysis has not been done.

In this study, isolation and characterization of different
variants of Ac. baumannii from different soil samples collected
from different locations in Germany between 2020 and 2021
was compared on two differential media (CMA and MCA) af-
ter preincubation in distilled water, and MM + 0.2% acetate
for 5 and 24 h. The characteristic growth index of Ac. bau-
mannii from soil samples on both culture media was shown
in Table 2.

In both media, a mixture of Ac. baumannii and other Gram-
negative bacteria (including other Acinetobacter species) grew
on the media after 18–24 h at 37◦C. Typical colonies (bright
red, smooth, and convex colonies) of Ac. baumannii from
soils enriched in MM + 0.2% acetate for 5 h fall within 0–2
growth index, while those enriched in MM + 0.2% acetate for
24 h produced confluent colonies of Ac. baumannii on CMA
and typical colonies between 2–3 growth index and confluent
growth on MCA (Fig. 1).

The results indicated a comparable rate of recovery of Ac.
baumannii by the two culture media when soil samples were
enriched in MM + 0.2% acetate for 5 and 24 h. Enrichments
in MM + 0.2% acetate for 5 h resulted in fewer but eas-
ily identifiable (typical) colonies of Ac. baumannii on CMA
compared to MCA, while samples enriched for 24 h in MM
+ 0.2% acetate resulted in the yield of confluent colonies
on CMA and more typical colonies on MCA. A comparative
study of MCA, CMA, and other mineral salt-based agars for
Ac. baumannii isolation from clinical and soil samples has uti-
lized a similar approach and a comparable result was obtained
(Baumann 1968, Moran-Gilad et al. 2014).

MCA being nonselective media for Ac. baumannii allowed
mixed growth of various aerobic and lactose-fermenting bac-
teria in the soil, with few colonies of Ac. baumannii that are
hardly distinguished from the mixed culture. However, with
further enrichment up to 24 h, Ac. baumannii became more
prominent with a lower amount of lactose-fermenting bac-
teria, which indicates that increased duration of enrichment

favours the subsequent suppression of other Gram-negative
bacteria on MCA.

Overall, out of the 20 samples, Ac. baumannii were iso-
lated from 12 (60%) and 11 (55%) plates of CMA and MCA,
respectively. Typical Ac. baumannii colonies are easily iden-
tifiable from other Acinetobacter species and Gram-negative
bacteria, with soil samples enriched in MM + 0.2% acetate
for 5 h on CMA. However, on MCA, typical colonies of Ac.
baumannii were more prominent and easily distinguishable
from other bacteria when the soil samples are enriched in MM
+ 0.2% acetate for 24 h (Fig. 2). Samples U20-ZW-S26,
U20-Hope-S25, U21-Hope-S12, and U21-ZWS-8.4 enriched
in MM + 0.2% acetate for 5 h produced a high growth in-
dex on both media while the lower indexes (0–1) were only
observed in other samples. The isolates recovered from both
media produced comparable morphology on MHBA, with
characteristic creamy, opaque, and nonhemolytic colonies. Ex-
cept in a few cases, Ac. baumannii on MCA appears as a
nonlactose fermenter, with raised creamy and smooth-edged
colonies, which are distinguishable from other colonies of bac-
teria (mostly tiny and flat) and lactose fermenters.

In samples U20-ZW-S17.7 and U21-Hope-S7, Ac. bauman-
nii was only recovered on either MCA or CMA but not the
other medium. The recovery of Ac. baumannii was poor (7 out
of 20) from soil samples suspended in distilled water alone. In-
terestingly, Ac. baumannii was not recovered from four sam-
ples (U21-Hebata-S17, U20-Hebata-S11, U21-Schma-S4, and
U20-Hope-S31) by any of the two culture media, which indi-
cates comparable sensitivity.

Pure colonies of Ac. baumannii recovered from both me-
dia and grown on fresh MCA show a nonlactose fermenting
colony after 18–24 h at 37◦C, which later turned to lactose fer-
menters after extended incubation at temperatures between 4
and 37◦C (Fig. 3). Additional OXA variants of Ac. baumannii
were recovered from five (25%) soil samples grown on MCA
in addition to the already identified variants on CMA.

It was also observed that the recovery rate of Ac. baumannii
varies from one soil to another. In some soil samples, high den-
sities of Ac. baumannii with typical colonies of Ac. baumannii
that are easily distinguishable from other bacteria were ob-
served on both media after 5 h of incubation in MM at 37◦C.
However, less typical colonies that are often mixed with other
colonies, especially the nonlactose fermenters are observed on
MCA inoculated with soil samples incubated for 5 h in MM.
But after 24 h preculture in MM + 0.2% acetate, lesser growth
of lactose fermenting bacteria and more typical colonies of Ac.
baumannii were observed.

The soil samples used for the study are previously positive
soil samples of our collection and have been originally con-
firmed to contain Ac. baumannii using CMA. This is to serve
as quality control that viable and culturable Ac. baumannii
are present in the samples. The absence of Ac. baumannii in
four soil samples with all the media and enrichment time indi-
cates their equal sensitivity in recovering Ac. baumannii from
soil samples when subjected to the same treatment. This may
be due to a very low concentration of Ac. baumannii in the
samples, due to differing survival rates of strains in the soil,
or due to the possibility that the available ones are noncultur-
able or inactivated upon storage at −20◦C (Dekic et al. 2018).
It was interesting to observe that different OXA-51-like vari-
ants of Ac. baumannii were detected in MCA in five (25%)
samples, in addition to previous variants detected by CMA
only, which suggests that using different media will enhance
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Figure 3. Pure culture of Ac. baumannii isolated from U21-Hope-S12. In (a), Ac. baumannii is nonlactose fermenting on MCA after 24 h incubation while
in (b), the same Ac. baumannii turned to red after another 24 h, indicating late lactose fermentation.

recovery of morphologically similar but genetically varied
strains.

Notably, we found that even though Ac. baumannii are la-
belled as nonlactose fermenters, some strains tend to become
lactose fermenters on MCA after 24 h of storage in the fridge
at 5◦C. The observed results demonstrate that some Ac. bau-
mannii could be late lactose fermenters and that late fermen-
tation will enable them to be differentiated from other lactose
fermenters after 48 h.

In conclusion, our data suggest that MacConkey and CMA
culture media did not differ in terms of overall recovery of
Ac. baumannii from soil samples, thereby none can be recom-
mended as the sole medium for isolation and screening of Ac.
baumannii from soil samples.
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