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Abstract

Objective: In this study, we sought to determine the source of an outbreak of Achromobacter denitrificans infections in patients at a tertiary-
care academic hospital.

Design: Outbreak report study with intervention. The study period extended from February 2018 to December 2018.

Setting: The study was conducted at a tertiary-care academic hospital in Pretoria, South Africa.

Patients and participants: All patients who cultured A. denitrificans from any site were included in this study. During the study period, 43
patients met this criterion.

Interventions: Once an outbreak was confirmed, the microbiology laboratory compiled a list of affected patients. A common agent,
chlorhexidine-and-water solution, was used as a disinfectant–antiseptic for all affected patients. The laboratory proceeded to culture this
solution. Environmental and surface swabs were also cultured from the hospital pharmacy area where this solution was prepared.
Repetitive-element, sequence-based, polymerase chain reaction (rep-PCR) was performed on the initial clinical isolates to confirm the related-
ness of the isolates.

Results: In total, 43 isolates of A. denitrificans were cultured from patient specimens during the outbreak. The laboratory cultured A. deni-
trificans from all bottles of chlorhexidine-and-water solutions sampled from the wards and the pharmacy. The culture of the dispenser device
used to prepare this solution also grew A. denitrificans. The rep-PCR confirmed the clonality of the clinical isolates with 2 genotypes
dominating.

Conclusions: Contaminated chlorhexidine-and-water solutions prepared at the hospital pharmacy was determined to be the source of the
outbreak. Once this item was removed from the hospital, the laboratory did not culture any further A. denitrificans isolates from patient
specimens.
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Organisms of the genus Achromobacter are nonfermentative,
gram-negative rods that have been linked to outbreaks in the
healthcare setting.1 They are ubiquitous in water and soil environ-
ments.1 Achromobacter spp are able to persist in the environment
due to their ability to form biofilms.2 They are infrequently isolated
from healthcare-associated infections and are often misidenti-
fied.1,3 Achromobacter spp are opportunistic pathogens, causing

infections in immunocompromised hosts.3 However, a number
of case reports have described Achromobacter infections in
immunocompetent hosts.4

Clinicians remain poorly informed regarding these bacteria and
they are often regarded as contaminants.4 This genus includes sev-
eral species, and A. xylosoxidans is the most common clinical
organism, associated with outbreaks of nosocomial infections.3

Outbreaks have been linked to contaminated solutions, such as
intravenous fluid, soaps, disinfectants, incubators, and
humidifiers.1 Neonatal infections resulting from perinatal trans-
mission of Achromobacter from the mother to the neonate have
been reported.1

Achromobacter spp are intrinsically resistant to numerous
antibiotics.5 Resistance is mediated by multidrug efflux pumps,
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constitutive oxacillinases, as well as acquired β-lactamases.1,5

Genus-specific susceptibility testing methods for Achromobacter
spp are lacking.5 The Clinical and Laboratory Standards
Institute (CLSI) has provided minimum inhibitory concentration
(MIC) break points for the Achromobacter spp under the ‘other
non-Enterobacterales’ category.6 Treatment of Achromobacter
spp is guided by the susceptibility profile of the isolated organism,
with seemingly good correlation between in vitro and in vivo
results.1,5

In June 2018, at the Tshwane Academic Microbiology (TAD)
laboratory (Pretoria, South Africa), registrars noticed an increase
in the number of A. denitrificans isolates identified from clinical
specimens. During the second 6 months of 2017, the laboratory
identified zero A. denitrificans isolates whereas the laboratory
identified 10 isolates in the first 6 months of 2018. Here, we
describe the investigation of an outbreak of A. denitrificans at a
tertiary-care hospital in Pretoria, South Africa.

Methods

Following confirmation of the outbreak, the laboratory proceeded
to create a line list of the affected patients. The laboratory also
included a questionnaire distributed to the registrars who came
across any isolate of A. denitrificans on their respective benches
in the microbiology laboratory. The information requested on
these questionnaires included date of isolation of the A. denitrifi-
cans; site of isolation of the organism (e.g., blood culture); demo-
graphics of the patient such as age, sex and location of the patient;
details of whether the patient had clinical signs of sepsis (i.e., fever,
tachycardia, low blood pressure, raised procalcitonin, C-reactive
protein, and white cell count); treatment given; and response of
the patient to treatment. The questionnaire also probed whether
the patient had any malignancy or other immunocompromising
condition, whether any catheters were present, whether the patient
was receiving dialysis (peritoneal or hemodialysis), and any other

significant background history. The blood culture bottle lot
number was also requested for each case of bloodstream infection
to investigate whether the bottles were the source of the
contamination.

The A. denitrificans isolates that were cultured from clinical
specimens were identified using the Vitek 2 (bioMèrieux,
Marcy-l’Étoile, France) automated system. Antimicrobial suscep-
tibility testing (AST) was performed using the Kirby-Bauer disk
diffusion method. Results were interpreted according to the break
points for Pseudomonas aeruginosa, according to the Clinical
Laboratory and Standards Institute (CLSI) 2018 M-100 docu-
ment.6 We chose to use Pseudomonas aeruginosa break points
because break points for “other non-Enterobacterales” only pro-
vide minimum inhibitory concentrations (MICs), which we could
not obtain for most of the drugs.

If the isolate was cultured from blood (n= 27), the isolate was
reported to the clinicians as a gram-negative bacillus following the
Gram stain. A final report was issued once the full identification
and AST results were available. The attending clinicians were also
called for each isolate to determine the diagnosis of these patients
as well as the clinical relevance of the cultured isolates.

With each new case identified, the attending clinicians were
interviewed to determine a common source for the isolates cul-
tured. A common finding of these interviews was that all clinicians
used a chlorhexidine-and-water solution (prepared in the phar-
macy on site, batch numbers 180615/01, 181128/03, 1811203/04,
181211/02) for skin antisepsis, urethral catheterization, as well
as for wound care. This solution was prepared in house by the hos-
pital pharmacy staff.

In the hospital pharmacy, the solution preparation area, various
other items, and the solution were all sampled using moistened
swabs. These sites included the table-top surfaces in the pharmacy
where the chlorhexidine-and-water solution was prepared, surfa-
ces of the bottles that were used to package the chlorhexidine-and-
water solutions, the exterior and interior surfaces (including

Fig. 1. The dispenser device used by the phar-
macy to prepare the chlorhexidine and water
solution. The chlorhexidine, water and bromo-
thymol blue mixture are placed in the bucket
on the floor, then siphoned up by the hose
and filled into empty bottles which are placed
beneath the nozzle.
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nozzles) of the dispenser device (Fig. 1), the bromothymol blue
(prepared in the pharmacy on site, batch no. 29945), the 0.05%
chlorhexidine stock solution (B Braun Medica, Randburg, South
Africa), and sterile water (B Braun Medical, Randburg, South
Africa, batch no. 18Y542B). Multiple samples of the
chlorhexidine-and-water solutions were also collected for micro-
biological culture. These specimens were all plated qualitatively
on 5% sheep blood agar, chocolate agar, and MacConkey agar
and were incubated at 35–37°C in ambient air. The results were
read after 48 hours of incubation.

The first 16 A. denitrificans isolates cultured from different
patients were subjected to repetitive-element, sequence-based, pol-
ymerase chain reaction (rep-PCR) to determine the clonality of
these isolates. Total genomic DNA from A. denitrificans was used
as a template in the rep-PCR assay. The primer-pair sequences
REP1 (5’-IIIGCGCCGICATCAGGC-3’) and REP 2 (5’-
ACGTCTTATCAGGCCTAC-3’) used in this study have been
described previously.7 The rep-PCR reaction was performed as fol-
lows: 1 μL of template DNA was added to 12.5 μL MyTaq HS mix
(Bioline, London, UK) with 0.4 μMof each primer and made up to
25 μL using nuclease-free water. The rep-PCR was performed in a
thermocycler under the following conditions: an initial denatura-
tion of 94°C for 3 minutes, followed by 30 cycles of 94°C for 45
seconds, 45.8°C for 1 minute, and 72°C for 8 minutes, with a final
extension step of 72°C for 16 minutes. The rep-PCR products were
visualized and separated using gel electrophoresis for 3 hour 20
minutes at 80 volts. A 1-kb Plus Ready-to-Use DNA Ladder
(Thermo Fisher Scientific, Waltham, MA) was used to compare
the banding patterns in each strain. Isolates were assigned to the
same rep-PCR group if their pattern differed by <3 bands, accord-
ing to previously defined criteria.8

Results

Achromobacter denitrificans was isolated from clinical specimens
obtained from 43 patients during the outbreak period between
February and December 2018. Figure 2 depicts the sites from
which the organisms were cultured. Table 1 provides details of
the risk factors associated with A. dentrificans infection as well
as antibiotic treatment in affected patients, as obtained from
the questionnaires.

The AST pattern of these isolates was identical in all the strains
tested. The isolates were resistant to aztreonam and the aminogly-
cosides but were susceptible to the antipseudomonal agents,
namely piperacillin-tazobactam, ceftazidime, cefepime, imipenem,
meropenem, as well as the fluoroquinolones.

The clinical diagnosis of the affected patients was available for
22 patients, but we could not determine a diagnosis in 21 patients,
mainly because we could not reach the attending clinician. The
diagnoses in these patients as well as the patient’s inflammatory
markers are listed in Table 2.

The isolates cultured were distributed widely throughout the
Steve Biko Academic Hospital (SBAH). Interestingly, the isolates
were restricted to the SBAH, despite the TAD microbiology labo-
ratory servicing 2 other tertiary-care hospitals, 2 secondary-care
hospitals, and several primary-care clinics. The problem seemed
to occur only at SBAH. Figure 3 depicts the wards where these iso-
lates were cultured at SBAH.

A potential source for the outbreak was thought to be the
chlorhexidine-and-water solution prepared by the hospital phar-
macy. The hospital pharmacy and the site where the solution
was prepared were investigated. Sterile water was mixed with equal
amounts of chlorhexidine 0.05% solution. A small volume of bro-
mothymol blue was added to the solution to give a distinctive color
to make it identifiable to the hospital staff. The solution was made
in large batches then aliquoted using a dispenser device (Fig. 1),
then it was packaged into sterile plastic bottles.

All cultures of the chlorhexidine-and-water solution as well as
swabs taken form the interior surfaces and nozzles of the dis-
penser device grew A. denitrificans. No bacterial growth was
detected on any of the other specimens collected from the hospi-
tal pharmacy.

In addition, 16 A. denitrificans strains obtained from clinical
isolates were subjected to rep-PCR genotyping to determine the
genotypic relatedness between the strains (Fig. 4). The strains were
visually classified in 2 genotypes. Most of the strains conformed
with 1 genotype; only 4 strains conformed with the other genotype.

Discussion

Compared with the baseline number of cases that the SBAH labo-
ratory usually sees, the fact that our laboratory cultured 43 isolates
of A. denitrificans from clinical specimens over an 11-month

Fig. 2. Anatomical sites where A. denitrificans
was isolated.
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period clearly indicated an outbreak. A chlorhexidine-and-water
solution is used at SBAH for skin antisepsis, to clean wounds
and abrasions, and as a disinfectant prior to urinary catherization.
The Achromobacter isolates were cultured from a wide range of
sources at the SBAH. The fact that this organism can survive in
a wide range of disinfectants allows the organism to survive and
colonize or infect surfaces and explains the range of sites where
the organism was cultured. This environmental organism has been
shown to colonize reusable plastic containers and to display resis-
tance to common disinfectants, such as chlorhexidine, and particu-
larly to quaternary ammonium compounds.9,10 The organism may
even contaminate ward consumables such as ultrasound gel, and
outbreaks have been reported in such instances.11

Achromobacter spp cause infections in patients with underlying
diseases and is considered an opportunistic pathogen.12 The liter-
ature has reportedAchromobacter spp to be a cause of bloodstream
infections, meningitis, pneumonia, osteomyelitis, soft-tissue infec-
tions, infective endocarditis, peritonitis, urinary tract infections as
well as ocular infections.13,14 To our knowledge, only 1 previous
study published in Columbia has described an outbreak with
A. denitificans caused by contaminated chlorhexidine.15

In this study, most patients with a known diagnosis had serious
underlying conditions. These included arthritis, benign tumors,
malignancy, human immunodeficiency virus (HIV), inflammatory
bowel disease, osteomyelitis, peritonitis and patients who had
undergone a surgical procedure.

The clinicians started these patients on treatment and, in most
cases, in the form of a carbapenem such as imipenem or merope-
nem. Most of the isolates were cultured from invasive sites
(n= 37), which is problematic because clinicians are bound
to start carbapenem treatment at the SBAH when a gram-negative

bacillus is reported on the Gram stain of the specimen. This
practice may result in driving antimicrobial resistance and
particularly increasing the rate of carbapenemase-producing
Enterobacterales (CPE).

Although the inflammatory markers were not elevated in some
of these patients (Table 2), in most cases the patients were started
on empiric treatment due to the invasive nature of the specimens.
Once the antibiograms were available to the clinicians, patients
were, in some cases, de-escalated to piperacillin-tazobactam. In
other cases, the carbapenem was continued or antibiotics were
stopped because the isolates were deemed to be colonizers by
the clinicians. In general, Achromobacter spp are resistant to most
β-lactams (excluding antipseudomonal agents and carbapenems)
and aminoglycosides, whereas the quinolones have poor activity
against this organism.12,16 Useful agents in the treatment of
Achromobacter spp include trimethroprim-sulfamethoxazole, imi-
penem, meropenem, as well as piperacillin tazobactam.17

The genotypic analysis by rep-PCR results proved that most
patients had the same strain that was circulating in the hospital.
In this study, we used rep-PCR because it is simple, rapid, and less
expensive to study genotypic relatedness among the strains. Singh
et al18 showed how rapid, useful, and inexpensive this method is
and how it can be used in poor-resource settings to control health-
care outbreaks.

The source of the outbreak in our case was the chlorhexidine-
and-water solution prepared in the hospital pharmacy. In early
January 2019, the microbiology laboratory had communicated
with the hospital management and pharmacy to recall and destroy
all chlorhexidine-and-water solutions from the wards and outpa-
tient clinics. It was further advised that the dispenser used for the
preparation of the solution be replaced or sterilized appropriately
by the suppliers.

The pharmacy and hospital management heeded the call from
the laboratory and discarded all stock of the chlorhexidine-and-
water solution. Chlorhexidine 0.05% solution (without any dilu-
tion) was replaced as the agent for skin antisepsis and wound
cleaning. There was concern from the wards and surgery theatres
regarding the use of chlorhexidine directly for urinary catheter
insertion. The microbiology laboratory subsequently advised that
sterile saline can be used formeatal cleaning.Whether an antiseptic
or sterile saline is superior remains to be established.19 Following
removal of the product from the hospital, the microbiology labo-
ratory did not culture any new isolates ofA. denitrificans in the first
6 months of 2019. This was taken as proof that the source of the
outbreak had been successfully eliminated.

The strengths of the study were the early detection of the out-
break as well as the prompt and thorough investigation to search
for the source of the outbreak. Furthermore, once the source was
confirmed, the laboratory took firm action to remove the source
and end the outbreak. In many such outbreaks, the source of
the outbreak is often never found.

This study also had several limitations. We did not do more
extensive molecular work on the isolates. We chose rep-PCR on
the initial 16 clinical isolates collected over other more discrimina-
tory typing methods because of the ease of availability and due to
financial constraints in a resource-limited setting. A further limi-
tation of this study is the lack of follow-up on the outcomes of
infected patients.

In conclusion, surveillance in the microbiology laboratory is
crucial for rapid identification of outbreak sources. This procedure
will prevent patients from unnecessarily being exposed to

Table 1. Risk Factors and Antibiotic Usage Associated With Infection Caused by
Achromobacter dentrificans

Parameter % of Patients

Age of patients* 28 (3 months - 70
years)*

Sex, male 70

Immunocompromised patients 42

HIV 14

Malignancy 19

Chronic steroid use 2

Other 7

Patients with indwelling urinary catheters 26

Patients with indwelling intravascular catheters 42

Patients undergoing hemodialysis 9

Patients undergoing peritoneal dialysis 5

Patients with clinical signs of sepsis 25

Patients started on antibiotics 91

Patients in whom carbapenem was continued for
duration of treatment

33

Patients in whom treatment was de-escalated
following culture results

30

Patients in whom treatment was stopped
following culture results

37

*Mean value and range reported.
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Table 2. Diagnoses of Patients Infected with A. denitrificans During the Outbreak and Their Inflammatory Markers

No. Diagnosis Diagnostic Category Site of Isolation
PCT

ng/mL
CRP
mg/L

WCC
X109/L

1 T-cell acute lymphoblastic lymphoma Hematological malignancy Blood culture 63 3.66

2 Toe abscess Abscess or wound infection Blood culture 92 17.65

3 Pancreaticoduodenectomy for an uncinate process cyst Benign tumors Blood culture 0.3 213 13.07

4 Arthritis Arthritis Blood culture 3 7.9

5 Sarcoma Nonhematological malignancy Blood culture 0.3

6 Unknown Unknown Fluid aspirate 112.2 85 12.82

7 Unknown Unknown Blood culture <0.1 30 9.26

8 Sepsis Sepsis Blood culture 4.8 246 19.43

9 Acute myeloid leukemia Haematological malignancy Blood culture 0.42

10 Unknown Unknown Blood culture 346.7 199 10.28

11 Unknown Unknown Blood culture 104.1 257 2.61

12 Unknown Unknown Blood culture 104.1 257 2.61

13 Unknown Unknown Tissue 30 4.25

14 B-cell lymphoblastic lymphoma Hematological malignancy Blood culture 1.47

15 Unknown Unknown Blood culture 11 6.96

16 Unknown Unknown Tissue 0.1 31 5.89

17 Left breast abscess Abscess or wound infection Tissue 0.1 241 14.72

18 Otitis media Otitis media Pus swab

19 Poststernotomy exploration Postsurgery Blood culture 21.4 109 30.59

20 Unknown Unknown Blood culture

21 HIV, pancytopenia, bone marrow suppression Immunosuppression related to HIV Bone marrow 19.8 115 0.48

22 Meningitis (S. pneumoniae), mastoiditis, tumor right ear Meningitis Blood culture 5.6 168 19.92

23 Routine ICU septic screen Sepsis Tracheal aspirate 0.7 165 15.43

24 Unknown Unknown Blood culture 0.2 <1 5.54

25 Unknown Unknown Blood culture 15 5.31

26 Osteomyelitis Osteomyelitis Tissue 0.1 51 10.95

27 Unknown Unknown Blood culture 1 138 12.47

28 Abnormal uterine bleeding Nonhematological malignancy Blood culture 0.3 339 14.72

29 Unknown Unknown CSF 0.1 40 11.65

30 Unknown Unknown Pus swab 4.99

31 Unknown Unknown Tissue 195 9.71

32 Unknown Unknown Blood culture 1 16.28

33 Below knee amputation wound Abscess or wound infection Pus swab 73 11.28

34 CKD on PD Peritonitis related to dialysis Peritoneal fluid 264 7.8

35 Unknown Unknown Urine

36 Unknown Unknown Blood culture 0.3 69 12.47

37 Unknown Unknown Blood culture 5 9.66

38 Unknown Unknown Blood culture 1.3 88 16.78

39 Acute myeloid leukemia Hematological malignancy Blood culture 0.5

40 Septic arthritis Arthritis Pus swab 16.3 162 11.37

41 PD catheter infection Peritonitis related to dialysis Pus swab 34.2 20 7.62

42 Unknown Unknown Blood culture 2,13

43 Ulcerative colitis Inflammatory bowel condition Blood culture 5.8 300 11.37

Note. PCT, procalcitonin; CRP, C-reactive protein; WCC, white cell count; HIV, human immunodeficiency disorder; ICU, intensive care unit; CSF, cerebrospinal fluid; CKD, chronic kidney disease;
PD, peritoneal dialysis.
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intravenous antibiotics and will contribute to the prevention of
increases in antimicrobial resistance in the hospital.
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