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Abstract Background: Acinetobacter baumannii is a major cause of hospital care-acquired infections, and this

" Dbacterium poses a significant challenge to health care worldwide. At King Fahd Hospital of the
University (KFHU), Al Khobar, Saudi Arabia, there had been a significant increase in the number of cases
of A. baumannii infections.
Objective: The objective of this study was to determine the clonal relationship between A. baumannii
collected from different specimens of patients admitted to KFHU using the enterobacterial repetitive
intergenic consensus—polymerase chain reaction (ERIC-PCR) fingerprinting method.
Materials and Methods: A. baumannii strains were isolated from a total of 59 specimens from inpatients
admitted to KFHU between January and September 2014. These specimens were mainly collected from
wound, rectal and throat swabs and transtracheal aspiration. ERIC-PCR fingerprinting was used to determine
the clonal relationship between the different isolated strains.
Results: Using ERIC-PCR fingerprinting genotype analysis, 51 strains of A. baumannii were clustered into
seven groups, while the remaining 8 were single strains. The genetic relatedness of A. baumannii isolated
from admitted patients was high, indicating cross-transmission within the hospitalized patients.
Conclusion: This study found that the increase in the incidence of A. baumannii in patients at KFHU was likely
due to the spread of seven epidemic clones, thereby highlighting the need for intensifying the infection
control measures to prevent nosocomial transmission of A. baumannii. These results also demonstrate that
ERIC-PCR is a reliable and rapid method for studying the clonal similarity between A. baumannii isolated
from different clinical specimens.
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INTRODUCTION pathogen that is responsible for nearly about 9% of
all nosocomial infections.'! In fact, the Infectious

Acinetobacter banmannii is an important Gram-negative  Diseases Society of America has classified A. baumannii
coccobacilli classified as an opportunistic bacterial
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as one of the six most important multidrug-resistant
microorganisms in hospitals wotldwide.*” A. baumannii
is currently believed to be responsible for causing a
wide range of severe nosocomial infections, including
pneumonia, skin and soft tissue infections, wound
infections, urinary tract infections and ventilator- and
nosocomial-associated pneumonia, especially among
patients in the intensive care unit with high mortality rates.
[+91'This bacterium is unique because it exhibits resistance
against multiple antibiotics. Further, A. baumannii can
survive for long periods in hospital environments,
enabling its transmission between patients, either through
human reservoirs or through inanimate materials.*!*!!]
A. baumannii can also persist for long periods in the
environmental surfaces of hospitals and can be isolated
in hospitals from air, tap water faucets, bedside urinals,
gloves, ventilators and angiography catheters.!?

Molecular typing is becoming a paradigm for understanding
the fundamental mechanisms of Acnetobacter infections in
hospital settings to investigate the spreading, the clonality
relationship among bacterial strains and its geographical
spread. In infection control, molecular typing methods
are currently an important tool to measure and identity
the source of the original infection in hospitals outbreaks.
Molecular typing methods have been used to investigate
the nosocomial spread of _A. baumannii outbreaks in
hospital settings worldwide. Some examples of these
techniques are plasmid typing, ribotyping, pulsed-field
gel electrophoresis (PFGE) and polymerase chain
reaction (PCR)-based fingerprinting.!*'! As compared
with other methods, PCR-based fingerprinting methods
are easier to perform and cost effective.

A vast increase in the number of cases of A. baumannii
outbreaks had been observed at King Fahd Hospital of the
University (KFHU), Al Khobar, Saudi Arabia. These cases
were derived from different patient specimens. Accordingly,
this study was conducted to investigate the relationship
between A. baumannii strains collected from different
specimens using enterobacterial repetitive intergenic
consensus (ERIC)-PCR DNA fingerprinting. The results
of this study would help determine if the increase in the
incidence of A. baumannii in patients was due to the spread
of epidemic clones as well determine the effectiveness of
ERIC-PCR fingerprinting technique for genotyping of
A. banmannii.

MATERIALS AND METHODS

A total of 59 _A. baumannii strains were collected from the
clinical microbiology laboratory at KFHU between January

and September 2014. The 59 strains of A. baumannii were
isolated from inpatient specimens: wound swabs (7 = 14),
transtracheal aspiration (# = 11), rectal swabs (# = 0),
throat swabs (# = 5), urine (#» = 5), sputum (#» = 4),
pleural fluid (» = 4), blood (7 = 4), intravenous catheter
tips (# = 3), nasal swabs (# = 1), skin swabs (# = 1) and
abscess specimens (7 = 1) [Table 1]. Genomic DNA
was prepared using a DNA template extracted using
the standard boiling lysis method described elsewhere.
U8 A pure, single colony was inoculated in 10 ml of
Luria-Bertani broth with 0.5% NaCl (w/v) and the
solution was placed in an incubator shaker at 37°C with
arotary speed of 250 rpm for 18 h. The overnight-grown
bacterial culture was pelleted and resuspended ina 1.5-ml
microcentrifuge tube of sterilized distilled water and
boiled in a water bath at 100°C for 15 min. After boiling,
the tubes were centrifuged, and 2 Ul of the supernatant
was used as the DNA template.

The primers used for ERIC-PCR were ERIC-1
(5' TGTAAGCTCCTGG GGATTCAC 3') and ERIC-2
(5' AAGTAAGTGACTGGGGTGAGCG 3'), as described
by Coudron ¢# a/!"” The amplification reaction volume was
25 ul, and the cycling conditions were as follows: an initial
denaturation at 94°C for 5 min, followed by 35 cycles at
95°C for 1 min, 52°C for 1 min, 72°C for 5 min and a final
extension at 72°C for 10 min. The amplified products were
resolved through electrophoresis and analyzed on 1.5%
agarose gel-stained ethidium bromide. The clonal relatedness
between the strains of A. baumannii was analyzed using
ERIC-PCR fingerprinting with the BioNumerics fingerprint
data software package (Applied Maths, Sint-Martens-Latem,
Belgium). Normalization steps were included in the analysis
of DNA polymorphism patterns produced by ERIC-PCR
fingerprinting to ensure an adequate gel-to-gel banding
pattern comparison. The process of band scoring was
used to identify bands in each lane that combined to make
the fingerprint based on the stringency threshold and
optimization settings. Dendrograms were generated for

Table 1: Distribution of Ac/netobacter baumannii strain
specimens (7= 59)

Specimen Number of specimen (%)
Urine 5(8.5)
Blood 4(6.8)
Sputum 4(6.8)
Abscess 1(1.7)
Skin swab 1(1.7)
Nasal swab 1(1.7)
Rectal swab 6 (10.2)
Throat swab 5(8.5)
Wound swab 14 (23.7)
Pleural fluid 4 (6.8)
Transtracheal aspiration 11 (18.6)
Intravenous catheter tips 3(5.0)
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the ERIC-PCR gels using the Dice similarity coefficient
and the unweighted pair group method using arithmetic
averages, with 1% optimization and 1% position tolerance.™
A. banmannii strains with a similarity exceeding 90% were
considered to be clonally related.

The Institutional Review Board at Imam Abdulrahman
Bin Faisal University provided ethical approval for this
study (IRB-2017-01-203).

RESULTS

ERIC-PCR fingerprinting grouped A. baumannii strains
isolated from different specimens and from the same
period of isolation and location [Figure 1]. Among the 59
collected strains of 4. baumannii, 51 strains were grouped in
7 clusters (Clusters 1-7) and 8 single isolates were observed
at a similarity level of 97% [Figure 2]. Interestingly,
within these seven clusters, Clusters 1, 3 and 7 comprised
A. banmannii strains isolated from different specimens
during the same months (June, July and August); Clusters
2,4, 5and 6 comprised A. banmannii strains isolated during
the entire course of the study, except in April, in which no
strains were islolated.

DISCUSSION

A. bawmannii is one of the emerging nosocomially
acquired pathogens and is responsible for different types
of infections, ranging from minor soft tissue infections
to more severe infections such as ventilator-associated
pneumonia and bacteremia.'” Bactetial genomes containing
repeat sequences such as the ERIC sequence can be used as
molecular biological tools to assess the clonal variability of
many bacterial isolates.?"*? ERIC-PCR fingerprinting is one
of the fastest molecular typing techniques to differentiate
between A. banmannii and other strains of Gram-negative
bacteria responsible for hospital-acquired infections.!**
The findings of this study are similar to that of studies
reported by Ying ¢f a/. and Hammoudi ¢7 a/., who were also

able to cluster A. baunmannii strains based on their genetic
relatedness using ERIC-PCR.P#!

The results of this study indicate an influence of
epidemiological relatedness on the clustering of 4. baumannii
strains, as seven clusters of 4. baumannii strains with high
relatedness were recovered from the same period of
isolation and location [Figure 2]. This indicates that there
was cross-transmission within hospitalized patients. Based
on our results, it can be stated that ERIC-PCR is a reliable
method to demonstrate the clonal relatedness between A.
banmannii recovered from different specimens isolated from
different inpatients.

Another interesting result found in this study was that
Clusters 1, 3 and 7 were only, although highly, prevalent
during June—August, whereas Clusters 2, 4, 5 and 6 were
prevalent during the entire course of the study. This
difference in prevalence patterns between clusters could
be because the strains in Clusters 1, 3 and 7 are either only
prevalent during those months or that there had been
an outbreak of these strains. However, further analyses
are required to validate these differences in prevalence
patterns.

The results of this study revealed that ERIC-PCR is a
reliable technique for discriminating intraspecific variations.
In addition, according to the authors, ERIC-PCR is
a very convenient and fast method, thereby making
using it advantageous compared with other PCR- and
non-PCR-based fingerprinting such as PFGE for A.
banmannii. Further, the obtained ERIC patterns exhibited
a high genetic similarity, ranging from 91% to 99%, and
generated a larger number of DNA fingerprints among
the strains of _A. baumannii. Therefore, this PCR-based
target repetitive element method is more suitable than rapid
typing, in addition to this method being more cost effective
than other DNA fingerprint methods."”
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Figure 1: Representative patterns of Acinetobacter baumannii obtained by enterobacterial repetitive intergenic consensus-polymerase chain
reaction, with the numbers indicating the corresponding strains (Lane M is the DNA molecular weight marker)
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Key Age Date Collected Sex Specimen
@ Cluster 7 Clone 44  44Y 23/07/2014 M Throat Swab
@ Cluster 7 Clone 45 23Y  27/07/2014 F Rectal Swab
@ Cluster7 Clone 41 44Y  03/07/2014 M Rectal Swab
© Cluster 7 Clone 42 44Y  23/07/2014 M Throat Swab
@ Cluster7 Clone43  26Y 23/07/2014 M Sputum
Clone 19 46Y 22/06/2014 M Blood
Clone 62 80Y 24/08/2014 M Transtracheal Aspiration
Clone 63 53Y 08/03/2014 F Abscess
Clone 8 83Y 27/05/2014 F Transtracheal Aspiration
4 Cluster 6 Clone48  32Y 31/07/2014 F Wound Swab
4 Cluster 6 Clone 49 71Y  08/09/2014 M IV Catheter Tip
4 Cluster & Clone 47  23Y 30/07/2014 F Wound Swab
4 Cluster & Clone 33 75Y 17/07/2014 M IV Catheter Tip
4 Cluster & Clone32  28Y 13/07/2014 M Wound Swab
4 Cluster 6 Clone 50 77Y 26/08/2014 F Wound Swab
4 Cluster 6 Clone 31 59Y 07/08/2014 F Sputum
4 Cluster6 Clone39  75Y 19/07/2014 M Pleural Fluid
4 Cluster 6 Clone 25 62Y 26/06/2014 M Urine
4 Cluster 6 Clone46  70Y 25/07/2014 M Urine
W Cluster 5 Clone 6 20Y 21/05/2014 M Wound Swab
W Cluster 5 Clone 7 83Y 27/05/2014 F Transtracheal Aspiration
® Cluster 5 Clone 10 67Y 06/03/2014 M Transtracheal Aspiration
W Cluster 5 Clone 4 73Y  19/05/2014 M Wound Swab
W Cluster 5 Clone 2 29Y 14/05/2014 F Rectal Swab
® Cluster 5 Clone 3 57Y 19/05/2014 M Blood
® Cluster 5 Clone 5 62Y 20/05/2014 M Urine
® Cluster 5 Clone 9 46Y 06/02/2014 M Transtracheal Aspiration
Clone22  42Y 24/06/2014 F Wound Swab
© Cluster 4 Clone 12 34Y 06/07/2014 M Rectal Swab
© Cluster4 Clone 38 83Y 18/07/2014 F Throat Swab
© Cluster 4 Clone 11 34Y 06/07/2014 M Urine
@ Cluster4 Clone 30 77Y 06/07/2014 F Transtracheal Aspiration
@ Cluster 4 Clone 29 85  06/03/2014 M IV Catheter Tip
© Cluster4 Clone 37 61Y  07/01/2014 M Pleural Fluid
© Cluster 4 Clone 40 31Y  22/07/2014 M Pleural Fluid
4 Cluster 3 Clone 59 75Y 31/08/2014 M Transtracheal Aspiration
4 Cluster 3 Clone 61 59Y 24/08/2014 M Transtracheal Aspiration
4 Cluster3 Clone 51 36Y 16/08/2014 F Rectal Swab
4 Cluster3 Clone 53 61Y  21/08/2014 M Wound Swab
4 Cluster3 Clone52  35Y 18/08/2014 M Blood
4 Cluster3 Clone 54 43Y  23/08/2014 F Wound Swab
4 Cluster3 Clone 60 60Y 26/08/2014 M Wound Swab
Clone 1 54Y  13/05/2014 M Nasal Swab
Clone 13 34Y 06/07/2014 M Sputum
* Cluster 2 Clone 34 59Y 17/07/2014 M Skin Swap
* Cluster 2 Clone 35 73Y 17/07/2014 F Pleural Fluid
* Cluster 2 Clone 14 30Y 13/06/2014 M Blood
* Cluster 2 Clone 36 95Y 17/07/2014 F Wound Swab
* Cluster 2 Clone 23 77Y  25/06/2014 F Transtracheal Aspiration
* Cluster 2 Clone 24 62Y 26/06/2014 M Rectal Swab
* Cluster 2 Clone27  77Y 29/06/2014 F Wound Swab
* Cluster 2 Clone 28 43Y 07/03/2014 M Wound Swab
* Cluster 2 Clone 21 54Y  24/06/2014 F Wound Swab
® Cluster 1 Clone 15 7Y 14/06/2014 M Throat Swab
® Cluster 1 Clone 17 64Y 15/06/2014 F Transtracheal Aspiration
® Cluster 1 Clone 20 46Y 22/06/2014 M Transtracheal Aspiration
® Cluster 1 Clone 16 80Y 15/06/2014 M Urine
® Cluster 1 Clone 18 73Y 18/06/2014 F Sputum
Clone 26 34Y  29/06/2014 M Throat Swab

Figure 2: Dendrogram of enterobacterial repetitive intergenic consensus—polymerase chain reaction using BioNumerics fingerprint data software
and unweighted pair group method with arithmetic averages at 97% similarity on 59 strains of Acinetobacter baumannii; the different clusters at
97% similarity are arbitrarily designated as Clusters 1-7, of which Clusters 2 and 6 are the largest group representing the most prevalent clone

of A. baumannii and its variants among the isolates
CONCLUSION

Using ERIC-PCR, this study demonstrated a high level
of genetic similarity and relationship among the strains
of A. baumannii isolated from different clinical specimens
at KFHU, Al-Khobar, Saudi Arabia. This highlights the
need for intensifying infection control measures to prevent
nosocomial transmission of A. baumannii at KFHU. Our
study also found that ERIC-PCR fingerprinting exhibits an
excellent discriminatory capability of A. baumannii strains.
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