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I Abstract
An 85-year-old male with a tumour in his right lung was admitted to Internal Diseases Ward to continue treatment
after suffering a sudden cardiac arrest. An empiric antibiotic therapy with amoxycillin was introduced due to increased
inflammation markers. Blood and sputum were collected. An abundant growth of AmpC B-lactamase-producing Citrobacter
freundii was observed in culture grown from the sputum. The antibiogram showed retained sensitivity to fluoroquinolones.
The therapy was modified by replacing B-lactam with ciprofloxacin. Neither clinical nor laboratory improvement were
observed. Blood culture indicated sepsis of Acinetobacter baumannii etiology. The strain was suspected of producing
OXA carbapenemase (CARBA test positive), KPC (-), MBL (-). Antibiogram illustrated retained sensitivity to gentamicin and
colistin with complete resistance to ciprofloxacin. Another modification in treatment was implemented and ciprofloxacin

was replaced with colistin.

1 Key words
antibiotic resistance, antibiotic therapy, alert pathogen

INTRODUCTION

Lung cancer is the most frequent type of malignant
neoplasm among the Polish population. It is characterized
by unfavourable prognosis with one of the lowest five-year
survival estimates. In 2017, in Poland alone it was diagnosed
in 13,798 men and 7,747 women. At the same time, 15,499
men and 7,825 women died due to this form of malignancy
[1]. It is the first cancer-related cause of death among both
men and women [2]. The course of the disease may be
complicated by various accompanying conditions: from
pulmonary fibrosis to infections due to impaired immunity.
One of the most commonly occurring complications of lung
cancer is pulmonary infection (50-70% of cases) [3]. The
prognosis is influenced not only by the patient’s condition,
but also risk factors dependent on the environment and
virulence of the pathogens. As a result of recurrent infections
and broad-spectrum antibiotic therapy, pathogens able to
develop defense mechanisms against different groups of
antibiotics are often isolated. Those pathogens isolated from
infections are more often non-susceptible to most available
drugs by producing resistance mechanisms. They have been
classified as so called ‘alert pathogens’.

Microbial resistance to drugs is currently one of the major
problems in antibiotic therapy, particularly in hospital-
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acquired infections where several pathogens can persist
in the environment for extended periods of time,the and
serve as vehicles of transmission and dissemination in the
hospital setting. Cross-transmission of these pathogens
can occur via the hands of healthcare workers who become
contaminated directly from patient contact, or indirectly
by touching contaminated environmental surfaces. Alert
pathogens can cause severe, difficult to manage infections,
which significantly increases morbidity and mortality rates,
especially among elderly oncological patients with additional
risk factors, e.g. concomitant cardio-vascular disease.

Pneumonia or sepsis, as a complication in patients with
lung cancer, has mainly a gram-negative etiology. Most
infections are caused by bacilli from the Enterobacteriaceae
family, such as Citrobacter spp. or Acinetobacter spp., which
tend to be a recurrent problem, including healthcare-
associated infections, mostly in intensive care units, less
often in general and vascular surgery wards where numerous
invasive procedures are performed. The biggest challenge
is to make a proper therapeutical decision considering the
growing drug resistance of the bacteria [4].

OBJECTIVE

The aim of this study is to present the case report of a patient
with a history of small-cell lung cancer who developed
infectious complications. The bacterial strains responsible
for the infection are discussed, with special consideration
of the implemented antibiotic therapy available at the time.
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This case seems to be important not only for medical, but
also economic reasons as the costs of both diagnostics and
treatment in alert pathogen-related lung infection require
considerable financial resources

CASE REPORT

The patient was an 85-year-old man who after sudden cardiac
arrest in a Primary Care Physician Clinic was successfully
reanimated and after emergency intubation was admitted
to the District Department of Internal Diseases with
Cardiological Sub-unit. He had previously been hospitalized
in a Tuberculosis and Pulmonary Diseases Sanatorium. In
his disease history, the patient had heart ischemic disease,
chronic mixed bronchitis, generalized atherosclerosis, and
right lung tumour with malignant characteristics. He was
extubated on the ward and continued breathing on his
own. Chest X-ray showed a known 4x4cm tumour in the
right lung, with additional parenchymal and inflammatory
consolidations. Material was taken for basic laboratory tests.
Increased inflammatory markers were observed in blood:
WB 13.6 x 10°/mm’ - leukocytosis, CRP: 38.80 mg/dl [norm
<5mg/dl]. Urinalysis was performed during the second day
of hospitalization and numerous bacteria were observed in
the field of view. Because of the patient’s medical condition:
fever, persistent cough and increased inflammatory markers,
microbiological examination was ordered. Samples of blood
and sputum culture were collected, and empiric antibiotic
therapy with amoxicillin and clavulanic acid introduced.
A blood culture test showed no sign of a blood infection.
Material from the lower respiratory tract showed an abundant
growth of gram-negative Citrobacter freundii bacilii,
the strain that produced type AmpC p-lactamase (alert
pathogen). Additionally, mycological cultures revealed a quite
significant growth of yeasts from the Candida genus (Candida
albicans). The bacterial strain showed in vitro sensitivity
to aminoglycosides, trimethoprim/sulfamethoxazole and
fluoroquinolones, along with resistance to amoxicillin with
clavulanic acid which were used at this time. A detailed
antibiogram of the C. freundii strain is showed in Table 1.

Table 1. Drug sensitivity of Citrobacter freundii isolated from patient’s
lower airways, along with minimal inhibitory concentration values (MIC)
[interpretation according to EUCAST recommendations]

Antibiotic S- sensitive; R- resistant MIC [ug/ml]
Amoxicillin/ Clavulanic a. R 16
Piperacillin/ Tazobactam S <4
Ceftazidime S 0.25
Gentamicin S <1
Amikacin S <2
Tobramycin S <1
Cefotaxime S <0.25
Ciprofloxacin S <0.25
Sulfamethoxazole/ Trimethoprim S <20

The treatment was modified according to the obtained
antibiogram, and antibiotic de-escalating therapy was
introduced. Ciprofloxacin in intravenous administration 2x
400mg/day was implemented. Despite these modifications,
the clinical condition of the patient did not improve.

Inflammatory markers during day 18 of hospitalization:
WBC: 11.6 x 10*/mm?; CRP: 203.21 mg/dl. Due to persisting
high levels of inflammatory markers, pneumonia, continuous
subfebrile state and impaired consciousness, a blood culture
test was performed again on the day 21 of hospitalization.

Growth of another gram-negative bacillus, Acinetobacter
baumannii, was obtained. Gathered data, in correlation with
the patient’s clinical condition, indicated the development of
severe sepsis. According to the Carba NP test, the isolated
strain was suspected of producing class D metallo-p-
lactamases - OXA. An infection with another alert pathogen
was diagnosed. An antibiogram was made; results are
presented in Table 2.

Table 2. Drug sensitivity of Acinetobacter baumannii isolated from
patient’s blood, along with MIC values [interpretation according to
EUCAST recommendations]

S- sensitive; R- resistant; I-

Antibiotic Intermediate MIC [ug/ml]
Piperacillin R >64
Tikarcillin/Clavulanic a. R >64
Piperacillin/Tazobactam R >64
Ceftazidime R >32
Imipenem R >8
Meropenem R >8
Gentamicin S 4
Tobramycin R 8
Ciprofloxacin R <2
Cefepime | 8
Levofloxacin R >4
Colistin S 1
Sulfamethoxazole/ Trimethoprim R >160

An interesting finding in the A. baumannii antibiogram
was the preserved gentamicin and colistin sensitivity with
complete resistance to ciprofloxacin which had been used
previously. The treatment was adjusted by replacing it with
colistin. A rapid improvement in the clinical condition with
a simultaneous reduction of inflammatory markers was
obtained after intravenous dosage of 3 x 2 million units/day.

On the day of the patient’s discharge, the parameters were
as follows: WBC (7.2 x 10°/mm?®), CRP (4.41 mg/dl) and
were within the reference range. The patient was discharged
in good general condition on day 31 of hospitalization.
Originally admitted to the ward for the treatment of infection,
lung cancer was subsequently diagnosed and treated by
oncologists. The further fate of the patient is unknown.

Table 3. Changes in CRP and WBC during hospitalization

Day 1 12 18 27 31
CRP- quantitative [mg/dl] 38.80 23295 203.21 6.61 441
WBC [x103/mm?] 13.6 20.0 11.6 8.4 7.2

DISCUSSION

Lung cancer is the one of the most frequent types of
malignancy in men, estimated to be responsible for 1/3 of
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cases and 1/5 of deaths [1]. As indicated by the National
Cancer Register (Krajowy Rejestr Nowotwordw), in 2014, it
was the most frequently noted cancer (18.5%). Lung cancer,
due to its localization and bad prognosis, contributes to many
complications. According to data based on 100 autopsies, the
most common fatal complications are: emphysema (30%),
infections (24%), organ failure (23%), pulmonary oedema
(15%), pulmonary embolism (12%), pulmonary fibrosis
(10%), chronic obstructive pulmonary disease (8%), and
complications after radio- (9%) and chemotherapy (7%) [5].
Elderly people are particularly at risk. About 69% of new
diagnoses are patients above the age of 65 [6], although active
smoking still remains the leading cause of the disease, along
with asbestos, nickel, chromium, arsenic, radiation, radon gas
at houses and air pollution [7]. A typical cause of dangerous
lethal complications are infections, especially with so-called
alert pathogens which must be reported and registered to
local sanitary-epidemiological stations. The list consists of
multi-drug resistant pathogens, such as Staphylococcus aureus
- MRSA (methicillin-resistant S. aureus), VISA (vancomycin-
intermediate) or VRSA (vancomycin-resistant); enterococci
strains resistant to vancomycin - VRE (vancomycin-
resistant) or oxazolidinones; Streptococcus pneumoniae
- resistant to third generation cephalosporins, penicillin
PRSP (penicillin-resistant). Moreover, microorganisms
from Enterobacteriaceae family with different mechanisms
of resistance, such as extended spectrum beta-lactamases
(ESBL) producing B-lactamases able to perform hydrolysis
of penicillins, cephalosporins and aztreonam; strains
producing AmpC cephalosporinases conditioning resistance
to B-lactamase antibiotics (which hydrolyze penicillins,
part of cephalosporins and aztreonam); strains producing
class A carbapenemases- KPC (Klebsiella pneumoniae
carbapenemase) hydrolyzing all essential B-lactamases;
strains producing the most specialized carbapenemases
of class B and type MBL (metallo-B-lactamases); NDM-1
strains (New Delhi metallo-B-lactamase); strains producing
class D carbapenemases from the CHDL group (OXA type)-
carbapenem-hydrolyzing class D p-lactamases) [8, 9, 10].

Both cancer and its treatment cause disturbances of
innate and adaptive response to bacteria in the lungs.
Lack of leukocytes or interruptions of their sequestration,
dysregulated inflammation, mucosal disruptions, problems
with recognizing pathogens, anatomical anomalies bounded
with cancer and ‘graft versus host’ type of responses — all of
which contribute to the great susceptibility of cancer patients
to lower respiratory tract infections. Additionally, persistent
contact with healthcare facilities increases exposition to
multi-drug resistant pathogens [11].

Citrobacter spp. is a gram-negative bacillus from the
Enterobacteriaceae family and can be isolated from various
clinical samples: sputum, tracheal aspirate, blood, pus, urine
and surface of catheters. Thus, it can be the cause of various
types of infections of the urinary tract, respiratory system or
the blood [12]. So far, Citrobacter spp. infections have been
relatively rare, encountered mainly at Intensive Care Units.
Unfortunately, in the last few years, an upward trend has
been seen in Citrobacter freundii isolates among hospital
infections [13]. The percentage of lethal cases among those
infected in hospitals is approximately 6.8%, but this may
significantly increase to 17.8 - 56% if the patient develops
bacteriaemia [12]. Today, Citrobacter spp. infections require
longer hospitalization with higher hospitalization charges

due to bacterial drug-resistance [14, 15]. AmpC expression
and selection of ESBL strains may be induced by prior
antibiotic usage [16]. These strains are often responsible for
the failure of standard antibiotic therapy, and significantly
influence mortality rates.

Many negative prognostic factors during Citrobacter
freundii blood infections have been noted. Some of them
are hypothermia, oliguria, hyperbilirubinemia, azotemia and
thrombocytopenia. Blood infections are mainly secondary,
and therefore the source of pathogens can be found in the
urinary tract, abdomen, contaminated vascular catheters
and lower respiratory tract (pneumonia) [17].

C. freundii infection described in the presented case report
concerned the lower respiratory tract, the source of the
sputum used for diagnostics. Although the pathogen growth
was abundant, further blood infection did not develop, even
though the bacterium was qualified as capable of producing
AmpC B-lactamase. The level of strain resistance depends on
the level of enzyme expression [8]. AmpC cephalosporinases
which hydrolyze penicillins are typically not vulnerable to
classical p-lactamase inhibitors, and are resistant to some or
all cephalosporins [9, 18]. However, sensitivity of the strain
to piperacillin/tazobactam or some cephalosporins has been
noted, which could be because the in vitro conditions may
result from lowered sensitivity to these drugs. A similar
situation has been observed by Razeai et al. in their research
on most hospital C. freundii isolates [13]. On the other hand,
Indian research showed that even if there was a higher
percent of strains sensitive to piperacillin with inhibitor, it
was often related to very high resistance to cephalosporins,
aminoglycosides or fluoroquinolones. What is more 54% of
these strains were ESBL [19]. Considering the clinical aspect
both ESBL+ pathogens, and those with acquired AmpC,
they pose a similar level of threat. Nonetheless, from the
epidemiological point of view, ESBL are more common and
present a higher risk of infection [8].

Acinetobacter baumannii is another important gram-
negative bacillus which in the past was thought to be low
category pathogen, but nowadays it turns out to be one of the
dominant etiological factors of hospital-acquired infections.
It often attacks the lower airway, patients with impaired
immunity and mechanically ventilated patients, leading to
Ventilator Associated Pneumonia or bacteriemia. Therefore,
it appears mainly in intensive care units, increasing the
mortality rate up to 43%. It also takes part in the development
of other infections, as well as in the urinary tract, soft tissues
or meninges. It is one of the most important pathogens
related to healthcare due to rapid spreading and ability of
acquiring antibiotic resistance mechanisms. That is why it
is often determined as an MDR pathogen, and additionally
estimated to be responsible for about 50% of total intensive
care unit antibiotic usage [20, 21, 22].

A. baumannii increases its virulence in the hospital
environment and attacks patients with numerous
comorbidities, infants with low birth weight, patients
with immunosuppression, elderly people with chronic
diseases, such as cancers. The main factors predisposing
to A. baumannii infection are prolonged hospitalization,
mechanical ventilation and the presence of intravenous
catheters. Prior treatment with a wide spectrum antibiotics,
including exposition to aminoglycosides, previous blood
infection, enteral tube nutrition, usage of nasogastric tube
and preceding hospitalization/ stay in an Intensive Care
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Unit because of contamination risk, are also able to raise the
probability of infection [23, 24].

Freire et al. proved that A. baumannii bacteriemia alone,
among patients with cancer, is characterized by high
mortality. The researchers focused mainly on XDR-ABC
strains (extensively drug-resistant Acinetobacter baumannii-
calcoaceticus complex). At the same time, they underlined the
role of strict, proper control and medication of bacteriemia
of that etiology, bearing in mind that patients with cancer
experience neutropenia and additional infections at the
localization of the tumour [23].

Establishing the right treatment in A. baumannii
infections, especially empiric, can prove to be very difficult.
Antibiotics which are typically effective are piperacillin
with inhibitor (tazobactam), tigecycline, aminoglycosides,
polymyxins and carbapenems (meropenem, imipenem,
doripenem). Carbapenems play a critically important role
in the treatment of severe infections because they have the
broadest spectrum of activity and greatest potency against
gram-positive and gram-negative bacteria. As a result, they
are often used as ‘last-line agents’ or ‘antibiotics of last resort’
when the patient’s condition does not improve or a resistant
strain is suspected. Unfortunately, the recent emergence of
growing drug resistance with multidrug-resistant (MDR)
pathogens seriously threatens this class of lifesaving drugs
[21]. In the presented case report, the isolated A. baumannii
strain correspondingly showed resistance to carbapenems,
but preserved sensitivity to colistin.

Ciprofloxacin used in pneumonia treatment was
ineffective, although the isolated C. freundii strain was
sensitive to it. It is possible that the sputum examination
failed to isolate A. baumannii, or that during the course of
treatment a co-infection occurred. As already mentioned,
it is a common pathogen of respiratory tract infections.
The spread of bacteria via blood should be considered as
secondary; however, in retrospective analysis performed
by Ballouz et al., where blood infections of A. baumannii
etiology were studied, 63.3% of cases were primary. The
other 36.7% was secondary infections, the source of which
was mainly pneumonia. Acinetobacter spp. may cause blood
infections, especially in critically ill patients, and it can
clinically vary from mild bacteriemia to septic shock. Ballouz
et al. data shows that septic shock developed in 45.5% of
patients [24]. The described case report was also complicated
by severe sepsis, but the implemented and modified treatment
fortunately proved to be effective.

CONCLUSIONS

A predisposition to various infections increases with age
because of weakening of natural defence mechanisms,
occurrence of many comorbidities, more frequent
hospitalizations, and possible complications of the treatment
introduced. A number of patient-dependent risk factors
clearly influence the infection and its course. People with
risk factors, and those treated because of lung neoplasm,
belong to the group of increased risk of developing respiratory
tract infections. It is crucial to monitor hospitalized patients
with sudden deteriorations of their state, keeping in mind
the microbiological aspect. A rise in inflammatory markers
and clinical symptoms indicate infection development and
dictate the need for prompt diagnosis and treatment. It is

very important to bear in mind that the most common
etiology of bacterial infections among hospitalized
immunocompromised patients are gram-negative bacilli.
There exists also a possibility of mixed etiology infections or
a transition of one infection into another. The pathogens can
present different drug resistance profiles and mechanisms
which constitutes a challenge for potentially effective antibiotic
therapy, especially in small District Hospitals where, due to
thelack of better drugs, there are limited options of treatment.

Non-fermenting bacilli with Acinetobacter spp., pose a
growing threat for patients, especially those in intensive care
units. Usage of a wide spectrum antibiotics in an empiric
therapy setting and common persistent usage of the drugs
from the same group, favours the selection of multidrug
resistant strains and increases drug resistance in the hospital
environment. Particular to this case is the coexistence of
antibiotic resistance mechanisms, and making a difficult
decision for therapy in small treatment centres where drug
options are limited. This may be useful for other clinicians
to make better decisions in similar cases.
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