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Background: With essentially no drug available to control the infection caused by the ex-
tensively drug-resistant Acinetobacter baumannii (XDR-Ab) in infants and young children,
this study explored the clinical outcomes of pediatric patients with drug-resistant XDR-Ab
who were treated with rifampicin in combination with sulbactam sodium.
Methods: The data for clinical outcomes, microbiological responses, and side effects were
collected and evaluated for 12 critically ill infants and young children diagnosed with ven-
tilator-associated pneumonia caused by XDR-Ab following surgical treatment for congeni-
tal heart disease in a pediatric cardiac intensive care unit. This study was approved by lo-
cal institutional review board (IRB).
Results: Two patients died from the complex underlining diseases. The other 10 patients
were weaned off the mechanical ventilation successfully within 4-15 days after the start of
treatment with rifampicin combined with sulbactam sodium and discharged home. Three
cases experienced adverse side effects, including severe rash and elevated aminotransferase
level.
Conclusion: The combination of rifampicin and sulbactam sodium appeared to be an effec-
tive and safe therapy for severe ventilator-associated pneumonia caused by XDR-Ab in in-
fants and young children. Side effects such as skin rashes and elevated aminotransferase
levels can be reversed once rifampicin is discontinued in time. (Funded by the Department
of Cardiovascular Surgery, The Second Xiangya Hospital, Central South University, Chang-
sha, China; the Departments of Anesthesiology and Pain Medicine of University of Califor-
nia Davis Health; and the National Institutes of Health.)
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A
cinetobacter baumannii (Ab) is one of the
most common gram-negative bacteria in
nosocomial infection. Extensively drug-re-

sistant Ab (XDR-Ab) has become a global chal-
lenge because of its resistance to treatment and
high mortality. Therefore, efforts have been
made to find the cure for the infection of this
XDR-Ab in the past decade (1-4). The combina-
tions of rifampicin with colistin, carbapenem, or
sulbactam sodium were preferred. When en-
countered with an XDR-Ab infection, a difficult
choice of treatment is faced. In vitro experi-
ments, animal studies, and clinical reports have
shown that combined use of drugs can effective-
ly control the XDR-Ab infection (2, 5-7). How-
ever, the clinical experiences were primarily lim-
ited to adult patient population, the clinical ap-
plication of rifampicin combined with sulbactam
sodium in infants and children has been rarely
reported. Here, we present our experience using
rifampicin combined with sulbactam sodium in
the treatment of ventilator-associated pneumo-
nia (VAP) caused by severe XDR-Ab infection af-
ter surgery for congenital heart disease (CHD)
in infants and young children.

METHODS

Medical records of more than 2, 500 patients
who were hospitalized in the pediatric cardiac in-
tensive care unit (PCICU) following surgical
treatment for CHD from June 2014 to June
2016 were retrospectively analyzed. Of these,
108 patients were diagnosed with infections, of
which 41 patients were colonized / infected with
Ab. The patients with mixed infections, infec-
tions in other tissues, or infections sensitive to
antibiotics were excluded. The final study popu-
lation included 12 critically ill pediatric patients
with VAP caused by multi-drug resistant(MDR)/
XDR / pan-drug resistant (PDR) Acinetobacter
baumannii (MDR/XDR/PDR-Ab) infection (3 pe-
diatric patients simultaneously had bloodstream
infection) (Figure 1 and Table 1). The diagnosis
of clinical infection was based on clinical symp-
toms and bacteriological culture. All 12 patients
met the diagnostic criteria for VAP: all patients
had diagnostic conditions, such as long ventila-
tor support time, fever, high white blood cell
count, and more viscous secretions in the respira-

tory tract, and imaging examination in all pa-
tients showed infiltrating shadows within the
lungs. Moreover, MDR-Ab was detected in cul-
tures of tracheal secretions or bronchoalveolar
lavage fluid. This study was approved by the
medical ethics committee of the Second Xiangya
Hospital of Central South University, Hunan,
China.

In the patient whose ventilator could not be
withdrawn within a short-term after CHD sur-
gery, the secretion in the airway was sucked or
the alveolar lavage fluid was collected using a
bronchofiberscope for culture every day for 3
consecutive days from post-operation day 2. Pe-
ripheral blood culture was carried out three
times for patients with high white blood cell
counts (> 11, 000 / mcl) and high fever (>
38.5oC). If there was redness or purulent exu-
date at the puncture site of the deep vein cathe-
ter, the deep vein catheter was removed and the
front end was sent for culture along with simul-
taneous peripheral blood culture. All specimens
were sent to the hospital laboratory where they
were tested with reference to NCCLS antimicro-
bial susceptibility testing standards. A WalkAway
96 automatic bacterial identification and antimi-
crobial susceptibility testing system (Dade Beh-
ring, USA) was employed. Quality-control
strains were supplied by the National Center for
Clinical Laboratories. The antimicrobial agents
used to test the sensitivity to Ab were: ampicillin/
sulbactam, ticarcillin / clavulanic acid, amikacin,
aztreonam, ceftazidime, cefotaxime, ciprofloxa-
cin, cefepime, cefoperazone/sulbactam, gentami-
cin, imipenem, levofloxacin, meropenem, mino-
cycline, piperacillin/tazobactam, co-trimoxazole,
and tigecycline (Table 2).

Patients without preoperative pulmonary in-
fection were given class Ⅰ or Ⅱ cephalosporin an-
tibiotics postoperatively to prevent infection as
standard, and close observation of body temper-
ature along with blood examination and chest
radiography were carried out routinely. The pa-
tients with symptoms of infection were empiri-
cally treated with cefoperazone / sulbactam sodi-
um (100mg/kg/day intravenously every 8 hours)
If the results of secretion or blood culture indi-
cated XDR-Ab infection with resistance to car-
bapenems, the patients were treated with cefo-
perazone / sulbactam combined with rifampicin
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Figure 1. The Flow Chart of Patient Selections.
Ab, Acinetobacter baumannii; MDR, multidrug-resistant; XDR, extensively drug resistant; VAP,
ventilator-associated pneumonia; BSI, bloodstream infection; CRBSI, catheter related blood-
stream infection.

according to the results of drug sensitivity test.
We used sulperazone (cefoperazone/sulbactam 1:
1, Pfizer) with a sufficient dosage; the dosage

for pediatric patients infected with drug-resis-
tant bacteria or bacteria that tended to be drug-
resistant was 160 mg/kg/day, which was adminis-
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tered in four fractions every 6 hours through in-
travenous infusion. Meanwhile, rifampicin at a
dose of 10 mg/kg/day was administered in two
fractions every 12 hours through intravenous in-
fusion. Attention was paid to the skin over the
whole body and liver function during the drug
application, and rifampicin was immediately
stopped in patients with serious adverse drug re-
actions. Otherwise, rifampicin was used until
the infection indexes were controlled, the white
blood cell count normalized, the sputum volume
was reduced, the imaging results were im-
proved, and the patient was successfully weaned
off the ventilator or even microbiological clear-
ance was achieved.

In addition to antibiotic therapy, the follow-
ing treatments were applied: positive inotropic
drugs were used to support cardiac function;
physical therapy was begun in all children after
the hemodynamics were stable and the expecto-
ration drainage was promoted; immunoglobulin
at 300 mg/kg/day was routinely used for 3 days;
enteral nutrition was provided while the gastro-
intestinal condition and daily calorie amounts
were assessed and the nutrition volume was
gradually increased; and the liquid intake and
output were monitored hourly with a negative
liquid balance goal in the early stage after sur-
gery and a positive liquid balance allowed to
some extent in the middle and advanced stages
after surgery to ensure tissue repair.

RESULTS

All 12 critical pediatric patients after surgical
treatment for CHD had MDR/XDR/PDR Ab in-
fection due to extended ventilator support time,
an extended stay in the ICU, and complicated
underlying conditions. The mean age of the 12
patients was 466 days, and the mean weight was
8.5 kg (Table 1). In case 1, the pathogenic bacte-
ria in the culture of the internal jugular vein
catheter were consistent with those in the blood
culture, and the patient was diagnosed with cath-
eter-related bloodstream infection (CRBSI). Two
other blood cultures showed positive results in
cases 7 and 8, and both patients were diagnosed
with bloodstream infection (BSI). Three patients
had multiple extracardiac malformations (Noon-
an's syndrome in case 4, the bilateral diaphrag-

matic defect with post abdominal wall defect re-
pair in case 7, and Down’ s syndrome in case
11).

Three patients had preoperative heart failure
and pneumonia that was difficult to control.
The neonate in case 2 underwent emergency sur-
gery due to an obstructed total anomalous pul-
monary venous connection (TAPVC). Three pa-
tients had severe airway stenosis, and four pa-
tients had low cardiac output after surgery. Case
3 underwent peritoneal dialysis due to renal fail-
ure, and case 9 underwent extracorporeal mem-
brane oxygenation (ECMO) to assist circulation
due to severely low cardiac output after tricus-
pid valve replacement (TVR). Case 5 had severe
postoperative laryngeal edema and stayed in the
ICU for 2 weeks. Case 12 underwent repeated
endotracheal intubation due to recurrent hemop-
tysis after pulmonary atresia operation.

The patient in case 7 who had a bilateral dia-
phragmatic defect combined with DORV died af-
ter abdominal wall defect repair due to compli-
cated conditions and multi-organ failure. The pa-
tient in case 8 died at 120 days after endotrache-
al intubation due to serious stenosis at the lower
end of the trachea near the carina, which seri-
ously affected the ventilation and secretion dis-
charge and led to the formation of tracheal gran-
ulation and blockage of the airway due to pro-
longed stimulation on the tracheal wall mucosa
by the end of the endotracheal tube.

The other 10 patients were treated with cefo-
perazone / sulbactam combined with rifampicin,
and their infections could be effectively con-
trolled with improvement in clinical symptoms
after bundle treatments such as etiological treat-
ment and supportive treatment were also provid-
ed. Microbial clearance was achieved in cases 1,
4 and 12. Ventilator support was withdrawn for
these pediatric patients at 4–15 days after com-
bined drug treatment, and they were considered
cured and discharged from the hospital. The de-
tailed data of all cases are provided in Table 1
and Supplemental Figure 1-3.

Adverse side effects included serious rash and
mildly elevated aminotransferase levels during
combination therapy with rifampicin in three
cases. Therefore, close observation and timely
withdrawal of the drug should be carried out if
such effects occur.
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DISCUSSION

Acinetobacter baumannii is a non-fermentative,
gram-negative bacillus that is widely distributed
in nature and hospitals, and it can cause a variety
of infections. According to reports in China and
abroad, Ab has become the main pathogenic bac-
teria for common severe infections in the ICU in
the past decade (8). Because of the wide applica-
tion of clinical antimicrobial agents and the devel-
opment of various resistance mechanisms, Ab has
changed from multi-drug sensitive to MDR and
even now to deeply intractable XDR and PDR.
These bacterial strains in our PCICU infection
were most commonly seen for VAP followed by
catheter-related bloodstream infection, followed
by mediastinal infection and urinary tract infec-
tion. Due to the high degree of drug resistance of
XDR/PDR Ab, the choice of clinical treatment is
very difficult, which results in a high mortality
rate among the infected patients. Especially in se-
verely ill infants and young children, there are

many restrictions on drug selection, resulting in
extreme difficulty in choosing antimicrobial
drugs and even higher mortality. Kapoor et al re-
ported that the mortality among pediatric pa-
tients with XDR Ab infection in their PICU was
28% (3), and a hospital in eastern China reported
a 30-day mortality for pediatric patients with
MDR AB infection of 30% (4).

In the past 10 years, in vitro experiments and
in vivo studies in animal models targeting the re-
fractoriness of MDR-Ab were carried out world-
wide. In many studies, in vitro drug sensitivity
or in vivo animal experiments confirmed a very
good sensitivity of XDR or PDR Ab to tigecy-
cline, colistin, and rifampicin (9-11). However,
because drug resistance to tigecycline develops
easily (12) and the American FDA announced
that VAP patients treated with tigecycline had a
higher mortality rate in 2011 compared with
that for patients treated with other drugs, its
clinical efficacy remains to be observed and its
application limited. Colistin has a strong antibac-
terial effect and the development of drug resis-

Table 2. Results of Drug Susceptibility Testing.

Antibacterial

medicines

Case 1

Case 2

Case 3

Case 4

Case 5

Case 6

Case 7

Case 8

Case 9

Case 10

Case 11

Case 12

Note: other drugs tested, but not listed in table 2 were: ampicillin / sulbactam, ticarcillin / clavulanic acid, aztreonam, ceftazidime, cefotaxime,
cefepime, gentamicin, imipenem, meropenem, piperacillin / tazobactam.
I, intermediate; R, resistant; S, sensitivity; N, not performed.

Cephalosporin

(Ⅲ~Ⅳ)

cefoperazone /

sulbactam

I

R

I

I

S

R

R

R

R

I

R

R

Fluoroquinolones

ciprofloxacin

R

R

R

R

I

S

R

R

R

R

R

S

Not applicable to infants and children

levofloxacin

R

R

R

R

S

S

R

R

R

S

R

R

Aminoglycosides

amikacin

S

I

R

R

R

R

R

R

R

S

R

R

Tetracyclines

minocycline

R

I

R

I

S

R

R

R

I

S

R

R

Not applicable to infants and children

tigecycline

S

S

S

S

N

S

N

N

N

N

S

S

Co-trimoxazole

R

R

R

R

S

I

R

R

S

S

R

R
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tance is difficult. However, its long-term applica-
tion is associated with a certain degree of renal
toxicity and neurotoxicity (13), and colistin is
relatively difficult to obtain in Mainland China.
Animal experiments on pneumonia caused by
XDR Ab confirmed that rifampicin can achieve
the best effect in single-drug treatment, but it is
susceptible to drug resistance in a short time (14-
15). In view of the limitation that drug resis-
tance occurs easily after single-drug treatment of
a variety of infections caused by MDR-Ab, com-
bination drug therapy has become a new trend
due to the fact that it can reduce the generation
of drug resistance and reduce the minimum in-
hibitory concentration (MIC) of the drug. In re-
cent years, there have been more studies on com-
bination therapy, and rifampicin combined with
colistin, sulbactam sodium, or carbapenem, as
well as carbapenem combined with sulbactam so-
dium have demonstrated better efficacies in ani-
mal experiments and clinical studies (2, 16).

In all pediatric patients in the present study,
XDR / PDR Ab was resistant to carbapenems.
Two patients had PDR Ab infection (Table 2),
and the infections in the other 10 patients had
certain sensitivity to combined preparations of
sulbactam (sulperazone), aminoglycosides (ami-
kacin), quinolones (levofloxacin and ciprofloxa-
cin), or tetracycline (minocycline and tigecy-
cline). However, quinolones and tetracyclines
are not suitable for infants and young children.
Sulbactam can directly and irreversibly bind the
penicillin-binding proteins in the acinetobacter
and thus directly kill the bacteria and maintain
moderate effectiveness for some MDR Ab (17).
Sulbactam is a β-lactamase inhibitor, and it alone
possesses little useful antibacterial activity
against most gram-positive and gram-negative
organisms (useful activity against Acinetobacter
baumannii). Sulbactam is only available in com-
bination products with cefoperazone in China.
Rifampicin is bactericidal and has a very broad
spectrum of activity against most gram-positive
and gram-negative organisms (including Acineto-
bacter baumannii) and specifically Mycobacteri-
um tuberculosis. Because of rapid emergence of
resistant bacteria, it must not be used alone.

The use of amikacin monotherapy for anti-
MDR Ab treatment has been rarely reported,
and Bernabeu-Wittel and colleagues reported

that meropenem combined with amikacin did
not achieve better results compared with single
use of meropenem. We used sulperazone com-
bined with amikacin for 10 days according to
drug sensitivity findings in case 1, but the oxy-
genation index, sputum volume, lung imaging,
and white blood count in this patient were not
improved. When an increased dosage of sulpera-
zone combined with rifampicin treatment was
used, the patient’ s condition was gradually im-
proved, and the microorganisms were finally
cleared from the lungs and blood (18). Another
study showed that 96.7% cefoperazone / sulbac-
tam combined with rifampin had synergistic and
additive effects and reduced the MIC of rifampi-
cin from 128 µg/ml to 8 µg/ml (19). Therefore,
we chose the scheme of rifampicin combined
with sulbactam sodium to treat Ab infection and
obtained more satisfactory anti-bacterial effica-
cy. Notably, the adverse reactions to rifampicin
include rash and liver damage, and the drugs
were discontinued in case 3 when serious rashes
occurred on day 4 of combined drug treatment.
However, reversible recovery was achieved after
the drug was discontinued in time.

The pediatric patients in our study were re-
covering from surgical treatment of CHD and
had malnutrition, low immunological function,
and pneumonia or pulmonary congestion, which
was prone to causing pulmonary infection as
well as heart and lung failure. In some cases, sur-
gery was indicated because the pulmonary infec-
tion was difficult to control without treatment
of the CHD. The respiratory management in pa-
tients with tracheobronchial stenosis was very
difficult. For patients with syndromic CHD
(with more than two extracardiac malforma-
tions), such as 21-trisomy and Noonan syn-
dromes, the postoperative recovery time was
long. Some children with complex CHD had
low cardiac output syndrome after cardiac sur-
gery, and kidney injury or even multi-organ func-
tion failure occurred in severe cases. Common
features of these patients included: recovery
from CHD surgery, prolonged ventilator sup-
port time, long-term retention of a central ve-
nous catheter, extended stay in the ICU, applica-
tion of broad-spectrum antibiotics, malnutrition,
and immune dysfunction. These are indepen-
dent factors for nosocomial infection (3, 20,
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21). It is very difficult to choose drugs for clini-
cal treatment of XDR-Ab or even PDR bacteria.
We used a combination therapy of rifampicin
with sulbactam sodium, which effectively con-
trolled the infection, and completely cured some
patients after a sufficient treatment course.

On the basis of anti-infection treatment with
drug combinations, more comprehensive bundle
treatment measures are necessary to obtain good
clinical outcomes for this type of critical illness
in children: maintaining good heart function, en-
suring organ perfusion, and creating conditions
for ventilator withdrawal as soon as possible;
trying to maintaining fluid balance or negative
fluid balance as appropriate; adhering to sched-
uled feeding, maintaining intestinal function,
and providing supplementary parenteral nutri-
tion to ensure calorie supply when necessary; re-
quiring pulmonary physical therapy to achieve
good respiratory management; and administer-
ing supportive treatments such as gamma globu-

lin to increase immunity, in order to accelerate
the rehabilitation of the pediatric patients (22).

Limitations: The major limitations of this ret-
rospective study were the small number of cases
and the absence of controls.

CONCLUSIONS

This accumulated experience indicates that the
nosocomial infection should be prevented to the
greatest extent possible. However, once VAP is
caused by XDR/PDR Ab, a combined use of ce-
foperazone/sulbactam and rifampicin for anti-in-
fection treatment is a good choice for infants
and young children.
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Supplemental Figure. The White Blood Cell (WBC) , C-Reactive Protein (CRP), and the temperature (T)
Results of the 10 Patients Treated with Rifampicin Combined with Sulbactam Sodium through the Hos-
pitalization (excluding 2 death cases) .
A: D0 represents the day when rifampicin combined with sulbactam sodium was started. WBC in infant with VAP
caused by severe XDR-AB infection was very high before the treatment. In the first few days of this treatment, the
WBC remained at high levels. But then WBC showed a downward trend, and 4 cases returned to normal eventu-
ally. B: D0 represents the day when treatment with rifampicin combined with sulbactam sodium was started. CRP
in infant with VAP caused by severe XDR-AB infection was high (The CRP were usually high in the first 2 postop-
erative days because of long CPB time). CRP elevated again in case 3 after treatment stopped due to severe
rash. The CRP showed a downward trend after the treatment in the rest of the cases with 3 cases returned to nor-
mal at the end. C: D0 represents the day when rifampicin combined with sulbactam sodium was started. Almost
all cases got fever before the treatment (the temperature of case 12 was 36.0 ℃ in the first 4 days potentially due
to the ECMO). The temperature of the 10 cases was gradually returned to normal after the treatment.
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