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Abstract

Background: Urinary tract infection (UTI) is caused by microorganism mainly bacteria;
therefore, initial empirical therapy of UTI is antibiotic. Once, ampicillin has been used as
empirical therapy for UTI; however, it is no longer used as empirical therapy because of
its high number of resistance. Theoretically, the resistance is carried by plasmid which will
be lost in bacteria population if it has never been used. The objective of this study is to find
whether ampicillin has potency to be sensitive again with the same resistance pattern as
ciprofloxacin as reference.

Methods: Method of this study is cross-sectional study with urine samples collection at
primary healthcare centers in Jakarta which were tested its resistance pattern to both of
antibiotics. Out of 317 pregnant women who did examination, as many as 27 samples have
UTL

Results: Result of this study showed that resistance number of UTI-causing bacteria to
ampicillin and ciprofloxacin and are 60.7% and 8.0% respectively and this difference is
significant based on chi-square test with a p value of <0.001.

Conclusion: Resistance of ampicillin is high so that still cannot be used again as therapy of
UTI particularly against Gram-negative bacteria. Surprisingly for Gram-positive bacteria,
ampicillin is still likely to be reused as a treatment for UTI, but still need to be investigated
further with a larger number of samples.

Keywords: ampicillin, bacteria, ciprofloxacin, resistance pattern, urinary tract infection

Volume 10 Issue 5 - 2019

Yeva Rosana,' Matthew Billy,> Dwiana
Ocviyanti®

'Department of Microbiology, Faculty of Medicine, Universitas
Indonesia-Cipto Mangunkusumo General Hospital, Indonesia
2Faculty of Medicine, Universitas Indonesia, Indonesia
3Department of Obstetrics and Gynecology, Faculty of Medicine,
Universitas Indonesia-Cipto Mangunkusumo General Hospital,
Indonesia

Correspondence: Yeva Rosana, Department of Microbiology,
Faculty of Medicine, Universitas Indonesia-Cipto Mangunkusumo
General Hospital, Jakarta, Indonesia, JI. Pegangsaan Timur 16,
Jakarta 10320, Indonesia, Tel (62-21) 3160492,

Email yeva.rosana@ui.ac.id

Received: September 28,2019 | Published: October 16,2019

‘ ") CrossMark

Abbreviations: UTI, urinary tract infection; IDSA, infectious
diseases society of America; CLSI, clinical and laboratory standard
institute; ARESC, antimicrobial resistance epidemiological survey on
cystitis

Introduction

A urinary tract infections (UTIs) is an infection in any part of
urinary system. Prevalence of UTIs varies with sex, age, and urinary
tract abnormality.! Based on data from the Kidney and Urology
Foundation of America,? as many as 20% of American women have
experienced UTIs in their lifetime. In Indonesia, the prevalence of
UTlIs is quite high at 3.2% at the age of 40-60 years and 20% at the
age of over 65 years.

Etiology of UTIs is an infection by microorganisms, particularly
by bacteria. Different types of bacteria can infect the urinary tract,
including Escherichia coli, Klebsiella pneumoniae, Pseudomonas
aeruginosa,  Proteus  mirabilis,  Streptococcus  agalactiae,
Staphylococcus saprophyticus, and Enterobacter sp. The most
common bacterial cause of UTIs in almost all cases in the world and
at all ages is Escherichia coli.*

Infectious Diseases Society of America (IDSA) guidelines for
initial treatment of UTI that are available in Indonesia are beta-
lactams, phosphomycin, fluoroquinolones, and trimethoprim-

sulfamethoxazole.” These antibiotics are commonly recommended
before definitive treatment according to resistance pattern test.*’
The majority problem to treat UTIs are now resistant to one or
more antibiotics. The drug ampicillin, once a common treatment, has
been largely abandoned because most UTIs are now resistant to it.

Ampicillin belongs to beta-lactam antibiotics, a penicillin
derivative antibiotic that was once recommended for UTI therapy.
Ampicillin has action of inhibiting the synthesis of bacterial cell
walls. Ampicillin has relatively few side effects. The use of ampicillin
is very extensive for Gram-negative and positive bacteria which
causes high level of resistance.® The international study of ARESC
(Antimicrobial Resistance Epidemiological Survey on Cystitis) with
4264 female patients showed that the prevalence of bacteria-causing
UTI against ampicillin was about 51.7%.” Another study showed the
resistance reached 55.0%.% In Indonesia, study in Pekanbaru showed
that resistance of UTI-causing bacteria against ampicillin was 81.3%.°

Molecularly, the mechanism of antibiotic resistance of ampicillin
is carried by the plasmid. These plasmids of resistance will be lost in
the bacterial population if they have not been used for years.” Since
ampicillin is not used for long periods of time to treat UTIs, ampicillin
has the possibility of returning to become sensitive. If ampicillin
sensitivity is proved again, there are various advantages obtained
which are relatively low prices, few side effects, and can be reused
as one of the antibiotic options for UTIs therapy. Ciprofloxacin is
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used a standard reference due to its low resistance, about 8.3% based
on study.” Ciprofloxacin is a quinolone antibiotic, although more
susceptible than ampicillin, but it has some side effects particularly
not safe for pregnant women, baby, and children. Therefore, it is
necessary to examine further the reuse of ampicillin for UTIs.

Materials and methods

Specimen’s collection

The target population of this research was pregnant women who
checked their pregnancy at primary health care centers in Jakarta.
The sample of this research was patients who met the inclusion and
exclusion criteria of the study. The inclusion criteria were:

a. Pregnant women who have their pregnancy examined

b. Patients who are willing to participate in this study and agree on
the research informed consent.

Meanwhile, the exclusion criteria were pregnant women who take
antibiotics for the last two weeks.

Urine specimens of these pregnant women were collected at
several primary health care centers in Jakarta which are Pasar Rebo,
Duren Sawit, Kramat Jati, Makasar, Pulo Gadung, and Cakung
during 2015 to 2016. The urine specimen taken on this research is
mid-stream urine. Then, the mid-stream urine specimen is cultured
at Clinical Microbiology Laboratory, Faculty of Medicine - Cipto
Mangunkusumo Hospital within a maximum of two hours. In case
of delay in the process of delivery, the specimen may be stored at a
temperature of 2-8°C for a maximum of 24 hours."

Culture and susceptibility testing

Culture of the urine specimens used MacConkey and blood agar
medium. Agar medium was incubated at 35-37°C for 18-24 hours.
Since inclusion criteria of this study were pregnant women with no
clinical symptoms, the number of colonies should exceed 10°CFU/
mL." Identification and susceptibility testing used Vitek® Biomérieux
using standard Clinical and Laboratory Standard Institute (CLSI).
Sufficient number of pure isolates was suspended into 3 mL sterile
saline (aqueous 0.45% to 0.50% NaCl, pH 4.5 to 7.0) in a clear plastic
(polystyrene) test tube (12mmx75mm). Homogenous organism
suspension were prepared a with a density equivalent to a McFarland
0.5 using a calibrated VITEK® 2 DensiCHEK™. Suspension tube
and card were placed in the cassette. The card was incubated and the
results were interpreted as final identification.

Bacterial sample was categorized as resistant to ampicillin if it had
a minimum inhibitory concentration (MIC)>32ug/mL according to
CLSI International standard. Meanwhile, sample was categorized as
resistant to ciprofloxacin if it had MIC>4pg/mL."

Independent variable of this study was type of antibiotic which
are ampicillin and ciprofloxacin. Dependent variable was bacterial
resistance. Meanwhile, the confounding variable was sample handling
and contamination.

Data analysis

Data processing and analysis was done using software “SPSS for
Windows version 20.0”. The data that has been inserted and processed
will be analyzed by chi-square statistical test with significance value
of 0.05.
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Results

Study population

In this study, out of 317 pregnant women who did examination
at several primary health care centers in Jakarta, 27 samples were
positive for UTI as depicted in Figure 1. Out of 27 urine samples,
two samples were found consisting of two types of bacteria (multiple
infection), so there were 29 types of bacteria that were tested for
antibiotic resistance.
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Figure | Subjects of this study.

Resistance of UTIl-causing bacteria to ampicillin and
ciprofloxacin

In this study, not all bacterial samples were tested against
ampicillin. There are four samples that were not tested with ampicillin
according to the antibiotic panel found on Vitek® Biomérieux cards
with STO1 and GP67 codes. However, three of the four samples were
tested with amoxicillin which was representative of ampicillin.'’ So
that, the number of bacterial samples tested against ampicillin were
28 samples.

According to CLSI International standard, 17 of 28 (60.7%)
bacterial samples in this study were resistant to ampicillin depicted
in Table 1. For Gram-negative bacteria, 17 of 23 (73.9%) bacterial
sample were resistant to ampicillin. All Klebsiella pneumoniae
sample as the most common Gram-negative bacteria in this study,
were resistant. Meanwhile, Escherichia coli as the second most
common Gram-negative bacteria showed that 3 of 7 samples (2.9%)
were resistant. Meanwhile, for all Gram-positive bacteria found in this
study, no bacteria were resistant to ampicillin.

In this study, four samples consisting of three Streptococcus and
one Leuconostoc bacteria were tested against ciprofloxacin according
to the antibiotic panel on Vitek® Biomérieux card with STO1 code.
Based on CLSI International standard,'? ciprofloxacin is not indicated
for UTI therapy caused by Streptococcus and Leuconostoc. In this
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study, 2 of 25 (1.8%) bacterial samples were resistant to ciprofloxacin
depicted in Table 2. For Gram-negative bacteria, 1 of 22 (4.6%)
bacterial sample was resistant to ciprofloxacin. Klebsiella pneumoniae
as the most common Gram-negative bacteria in this study, showed
no resistance against ciprofloxacin. Meanwhile, Escherichia coli
as the second most common Gram-negative bacteria showed that
1 of 6 samples (16.7%) were resistant. For Gram-positive bacteria,
ciprofloxacin was tested on two samples which are Staphylococcus
haemolyticus and Staphylococcus aureus. One of these two samples
(50%) was resistant.

Table | Resistance of UTl-causing bacteria to ampicillin

Resistance

Bacteria
No Yes

Gram-positive bacteria

Leuconostoc mesenteroides |
Streptococcus agalactiae |
Staphylococcus haemolyticus |
Streptococcus sanguinis |
Staphylococcus aureus

Streptococcus viridans |
Gram-negative bacteria

Stenotrophomonas maltophia |
Escherichia coli 4 3
Klebsiella pneumoniae 10
Alicaligenes faecalis |
Pseudomonas stutzeri |
Acinetobacter baumannii 2
Enterobacter cloacae |

Total I 17

Table 2 Resistance of UTl-causing bacteria to ciprofloxacin

Resistance

Bacteria e
No Yes

Gram-positive bacteria

Leuconostoc mesenteroides

Streptococcus agalactiae

Staphylococcus haemolyticus |
Streptococcus sanguinis

Staphylococcus aureus |

Streptococcus viridans

Gram-negative bacteria

Stenotrophomonas maltophia |

Escherichia coli 6 |
Klebsiella pneumoniae 10

Alicaligenes faecalis |

Pseudomonas stutzeri |

Acinetobacter baumannii 2

Enterobacter cloacae |

Total 23 2
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Comparison of resistance pattern between ampicillin
and ciprofloxacin

Comparison of bacterial resistance pattern to ampicillin and
ciprofloxacin was analyzed using Chi-square statistical test, which
can be seen in Table 3. The resistance of samples to ampicillin was
significantly higher than ciprofloxacin statistically.

Table 3 Comparison of resistance pattern between ampicillin and ciprofloxacin

Resistance
Antibiotic p value
No Yes
Ampicillin 11 (39.3) 17 (60.7)
Ciprofloxacin 23 (92.0) 2 (8.0) <0.001
Total 33 (63.5) 19 (36.5)

Comparison of resistance pattern for Gram-negative and positive
bacteria can be seen in Table 4 and Table 5. The resistance pattern
of Gram-negative bacteria samples against both antibiotics was
statistically significant with a p value of <0.001. For Gram-positive
bacteria, there was no bacteria resistance to ampicillin. Nevertheless,
statistical test showed no significant difference between those two
antibiotics for Gram-positive bacteria.

Table 4 Comparison of resistance pattern between ampicillin and ciprofloxacin

for Gram-negative bacteria

Resistance
Antibiotic

No Yes p value
Ampicillin 6 (26.1) 17 (73.9)
Ciprofloxacin 22 (95.7) I (4.3) <0.001
Total 28 (60.9) 18 (39.1)

Table 5 Comparison of resistance pattern between ampicillin and ciprofloxacin

for Gram-positive bacteria

Resistance
Antibiotic p value
No Yes
Ampicillin 5 (100.0) 0 (0.0
Ciprofloxacin 1 (50.0) 1 (50.0) 0.286
Total 6 (85.7) 1 (14.3)
Discussion

In this study, UTI was diagnosed for 27 out of 317 samples (8.5%)
based on UTI diagnostic criteria. This result was consistent with several
studies reporting that UTI was found 5-10% in pregnant women.'*!
In addition, the result was also consistent with previous study which
estimated UTI covered 7.3% of pregnant women population.'®

The main cause of UTI in this study was Gram-negative bacteria
which covered 79.3%. This is in accordance with various studies
showed that the most common bacteria that cause UTI are Gram-
negative bacteria, mainly originated from gastrointestinal tract.”!%!
If female do not keep the vulva area clean, gastrointestinal flora may
attach to the urinary tract epithelium and conduct ascending infection.
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Resistance of UTI-causing bacteria to ampicillin

Out of the 28 bacterial samples tested against ampicillin in this
study, as many as 60.7% were found to be resistant. The resistance of
ampicillin is in accordance with the various studies. The international
study of ARESC (Antimicrobial Resistance Epidemiological Survey
on Cystitis), which conducted a survey of 4264 female patients
with uncomplicated UTI in Brazil and countries in Europe showed
that the prevalence of bacteria-causing UTI against ampicillin was
about 51.7%.” The study also found that the highest resistance was
ampicillin among other antibiotics. Another study showed similar
results, the resistance of UTI-causing bacteria to ampicillin in female
patients with uncomplicated UTI reached 55.0%.% In addition, studies
in Iraq showed that bacterial UTI resistance against ampicillin reached
66.5%.°

In Indonesia, study in Pekanbaru showed that resistance of UTI-
causing bacteria against ampicillin was 81.3%.'® That result showed
that the resistance was slightly higher than this study. This may be due
to differences in the subject of the study. In that study, the subjects of
the study were patients with symptomatic UTI, so it was possible that
the patient had been exposed to antibiotics before the urine sample
was taken.

In this study, resistance of Klebsiella pneumoniae and Escherichia
coli, as the most and second most common bacteria, against ampicillin
reached 100.0% and 42.9%. This was not much different from
study that obtained 100% and 57.1% as the resistance of Klebsiella
pneumonia and Escherichia coli against ampicillin.'®

Thus, the number of ampicillin resistance was still high in Gram-
negative bacteria. The high resistance of ampicillin is the reason
why ampicillin is rarely used for infections, including UTI, which is
mainly caused by Gram-negative bacteria. This resistance is mainly
carried by plasmid pBR322. Obviously, with genes carried through
plasmids, the transfer between bacteria becomes easier and thus
increases the resistance rate.”” It takes time for the disappearance of
the plasmid through natural selection for a long time, up to years.
Resistance against ampicillin still existed in the population found in
this study. This was possible because ampicillin was still used to treat
some infections in Indonesia.

Surprisingly, for the five Gram-positive bacteria tested in this
study, no bacteria were resistant to ampicillin. This result showed that
ampicillin is still possible to be reused as a UTI therapy caused by
Gram-positive bacteria.

Resistance of UTI-causing bacteria to ciprofloxacin

The resistance of bacterial sample against ciprofloxacin in this
study was 8.0%. The resistance is in accordance with recent various
studies. Based on International study of ARESC (Antimicrobial
Resistance Epidemiological Survey on Ciystitis), which surveyed
4264 female patients with uncomplicated UTI in Brazil and countries
in Europe, resistance against ciprofloxacin reached 8.3%.” Another
study showed similar result, the resistance of UTI-causing bacteria
against ciprofloxacin was about 8.8%.% In addition, study in Iraq
showed slightly higher results, the resistance reached 19.3%.°

In Indonesia, study in Pekanbaru showed the resistance of UTI-
causing bacteria against ciprofloxacin was 70,6%.'"® Resistance of
Klebsiella pneumoniae, as the most common Gram-negative bacteria,
showed no resistance against ciprofloxacin. Study in Pekanbaru
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showed the different result. Klebsiella pneumoniae resistance was
80% against ciprofloxacin.’® That result was so different from this
study. This may be due to difference in the subject of the study.
Subjects of the study were patients with symptomatic UTI, so it was
possible that the patient had been exposed to antibiotics before the
urine sample was taken.

Data from Dr Saiful Anwar Hospital in Malang also showed
different result which 89.9% UTI-causing bacteria were resistant
to ciprofloxacin.? In that study, the subjects were inpatients. In
hospital-acquired infections, bacteria are commonly resistant to broad
spectrum of antibiotics. This was supported by study who found out
that the resistance of UTI-causing bacteria was significantly higher in
inpatients than outpatients.!

In this study, Escherichia coli resistance to ciprofloxacin was
16.7%. This result differs from study at Fatmawati Hospital. The
resistance of Escherichia coli resistance to ciprofloxacin was 84.6%.
This is accepted due to different in study subjects. In that study, the
subjects were inpatients.'

Comparison of resistance pattern between ampicillin
and ciprofloxacin

Theresistance of uropathogen isolate to ampicillin was significantly
higher than ciprofloxacin statistically. This result is in accordance
with an ARESC international study with 4264 female patients with
uncomplicated UTI in Brazil and countries in Europe.” Similar results
were also found in study in Pekanbaru, Indonesia.'®

Comparison of resistance pattern for Gram-negative bacteria to
ampicillin and ciprofloxacin was analyzed using Chi-square test.
Ampicillin has a higher resistance pattern than ciprofloxacin with for
Gram-negative bacteria. This result is in accordance with the study in
Pekanbaru, Indonesia.'® Therefore, resistance of ampicillin is high so
that still cannot be used again as therapy of UTI particularly against
Gram-negative bacteria. Surprisingly for Gram-positive bacteria, no
bacteria were resistant to ampicillin.

There are limitations of this study. First, the sample was not
analyzed in vivo. This is because ampicillin is no longer used to treat
UTl as single regiment, but in combination with sulbactam. Second, the
sample size for Gram-positive bacteria was too small. Although there
is some limitation in this study, but it can be reported that ampicillin is
still likely to be reused as a treatment for UTIs particularly for Gram
positive bacteria as the common etiology of UTIs in pregnant women.
Investigation further still needs to be conducted with a larger number
of samples.
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