86 International Journal of Pediatrics and Child Health, 2023, 11, 86-90
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Abstract: Objective: To explore the role of clinical pharmacists in the treatment of clinical diseases by adjusting the
treatment of Candida albicans infection in the central nervous system of a premature infant.

Methods: Clinical pharmacists participated in the treatment of one premature infant with Candida albicans infection of the
central nervous system, and provided drug selection suggestions based on drug safety and pharmacokinetics.

Results: The doctor partially adopted the suggestions of clinical pharmacists, revised the medication plan, and the child

received reasonable treatment.

Conclusion: Clinical pharmacists can make full use of pharmaceutical knowledge to serve the clinic and improve the

level of rational drug use.
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1. INTRODUCTION

Fungal infection of the central nervous system
refers to the damage of the meninges, brain
parenchyma, spinal cord or blood vessels by fungal
pathogens. The annual incidence rate in developed
countries is about 0.1/100,000 [1], with high mortality
and poor prognosis. Therefore, it is particularly
important to understand the clinical symptoms and
signs of central nervous system fungal infection as
early as possible, and to select appropriate therapeutic
drugs for different pathogens, and even to improve the
final disease results.

Central nervous system fungal infection mainly
affects patients with impaired immune system,
including hematological malignancies, especially acute
leukemia, primary or acquired immunodeficiency, and
premature infants [2-4]. PICU, trauma, autoimmune
diseases or immunosuppressive agents are risk factors
for fungal infection [5-10]. The routes of fungal infection
in the central nervous system mainly include sinus or
mastoid immersion, pulmonary infection transmission,
blood source dissemination, etc [11]. Candida is a
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common pathogen of invasive fungal infections in the
central nervous system. More than 90 % of invasive
infections are caused by Candida albicans, Candida
glabrata, Candida tropicalis, Candida parapsilosis and
Candida krusei. Among them, Candida albicans has
the strongest pathogenicity. In the neonatal population,
invasive fungal diseases caused by Candida albicans
and Candida parapsilosis are the most frequent [12],
the incidence is 3-5 times higher than that of children
and adults. Candida albicans is mostly caused by
vertical transmission, and Candida parapsilosis can be
caused by medical staff or the environment [13]. Up to
44 % of patients with candida infection are
accompanied by meningitis [14, 15].

In this paper, the role of clinical pharmacists in
clinical treatment was discussed according to the
suggestion of drug selection provided by clinical
pharmacists in the treatment of one case of neonatal
central nervous system Candida albicans infection.

2. SUMMARY OF MEDICAL RECORDS

A 42-cm-tall, 1.64-kg, 1-day-old girl was admitted to
the hospital on November 19, 2018 for shortness of
breath after premature birth for 5 hours. The
gestational age of the child was 32+1 weeks, and the
birth  weight was 1.63 kg. Moaning occurred
immediately after birth. The hospital was treated with

E-ISSN: 2311-8687/23



Pharmaceutical Care for Premature Infants with Candida Albicans Infection

International Journal of Pediatrics and Child Health, 2023 Vol. 11 87

ampicillin sodium and sulbactam sodium, and then
transferred to the NICU of our hospital due to low
gestational age and low weight. After admission,
ampicillin sulbactam was still given for anti-infection.
On December 5, the patient vomited once, with milk
accompanied by a small amount of light yellow liquid,
and abdominal distension was obvious. PCT was 0.27
ng/ml, and cefoperazone sulbactam was replaced for
anti-infection treatment. On December 9, the patient
had stable body temperature, poor response, shortness
of breath and milk refusal. The proportion of neutrophils
was 91.1 %, CRP was higher than before. Considering
the poor control of infection, meropenem was used for
anti-infection treatment. On December 10, the child
developed paroxysmal shortness of breath and poor
response. Blood culture was unilaterally positive, and
smears suggested fungi. The pathogen of infection was
clear. Clinical pharmacists believed that the evidence
of voriconazole for children under 2 years old was not
sufficient, so fluconazole or amphotericin B was
recommended. Clinicians did not adopt, plus
voriconazole 6 mg/kg, ivgtt, Q12 h. On December 12,
the highest temperature of the child was 37.8 °C.
Cerebrospinal fluid examination confirmed central
nervous system infection, WBC 33.46*10"9/L, N %
73.0 %, CRP 52 mg/L. Candida albicans was cultured
in cerebrospinal fluid on December 19, and the blood
concentration of voriconazole was 1.45 ng/ml on
December 20. Clinical pharmacists suggested to
replace it with amphotericin B liposomes, which was
not considered by clinicians. On December 22, CRP
showed an upward trend to 93 mg/L, and blood culture
was  still positive. Doctors accepted the
recommendation and gave 1 mg amphotericin B, ivgtt,
Qd, and gradually stopped voriconazole. On December
24, the patient responded well, the body temperature
was flat, and the total number of white blood cells and

CRP levels were lower than before. Therefore,
voriconazole was stopped, amphotericin B was
increased to 1 mg/kg, ivgtt, Qd. On December 31, the
infectious index of the child did not improve
significantly. Considering the poor treatment, the
clinician changed to 1 mg/kg amphotericin B liposome,
ivgtt, Qd. Clinical pharmacists suggested that
amphotericin B liposomes should be selected and the
dosage should be gradually increased to 5 mg/kg
according to the weight change. Clinician adopted the
suggestion and adjusted the dose on January 8 and
January 10, respectively. On February 3, the child was
discharged from hospital in a stable condition. During
the whole process, the child’s temperature was stable.
Figure 1 showed the inflammatory indexes (WBC,
CRP) before and after each dressing change; On the
21st day of admission, voriconazole was added for
antifungal treatment, amphotericin B was used on the
31st day of admission, and amphotericin B liposome
was used on the 42nd day. The use of voriconazole
significantly reduced the number of white blood cells in
cerebrospinal fluid, but did not alleviate the trend of
increasing protein and decreasing glucose
concentration in cerebrospinal fluid. When
amphotericin B was replaced, the number of white
blood cells in cerebrospinal fluid further decreased and
the glucose concentration increased. All the indexes
improved after replacing amphotericin B liposome
again, as shown in Table 1.

3. ANALYSES AND DISCUSSION

3.1. The Role of Clinical Pharmacists
Diagnosis and Treatment of Central
System Fungal Infection

in the
Nervous

This case is a premature infant with high risk factors
for central nervous system fungal infection. The onset

Trend diagram of WBC and CRP changes after admission

Figure 1: Trend diagram of WBC and CRP changes after admission.
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Table 1: Changes of Cerebrospinal Fluid Test Indexes

Day LDH (U/L) Glu (mmol/L) Protein Concentration (mg/L) WBC (*1076/L)
22 70 1.8 2220 1230

26 96 1 2950 26

38 51 1.5 3190 20

49 normal 1.5 2750 15

of the disease began with paroxysmal shortness of
breath and poor response. Blood culture and
cerebrospinal fluid specimen bacterial culture were
clearly identified as Candida albicans, and the
diagnosis of central nervous system fungal infection
was clear. According to the 2016 IDSA Candida
Clinical Practice Guidelines, amphotericin B or
fluconazole is the first choice for neonatal Candida
albicans infection. Amphotericin B liposome is also one
of the optional drugs, which recommended dose is 3-5
mg/kg [12]. After more than ten days of voriconazole
treatment, the blood culture and cerebrospinal fluid
culture of the children were still positive, and the CRP
level continued to rise, indicating that the treatment
effect was not good. Clinical pharmacists suggested
that amphotericin B liposomes should be selected and
the dosage should be gradually adjusted to 5 mg/kg.
The patient gradually improved and finally transferred
out of NICU after the doctor chose to adopt the
pharmacist’s advice.

3.2. Analysis of Unsatisfactory Recovery of the
Disease

Voriconazole is a broad-spectrum and highly
effective triazole antifungal drug, which is a second-line
treatment for Candida infection. It has better effect on
Aspergillus infection and fluconazole-resistant Candida,
actinomycetes and Fusarium.

Yao et al. [16] had shown that voriconazole was
more effective in the treatment of candida meningitis
than amphotericin B combined with fluconazole group
and amphotericin B combined with flucytosine group,
other studies had also confirmed that the efficacy and
safety of voriconazole for invasive candidiasis in
children aged 2-14 years were consistent with those of
adults [17]. However, there was no clear evidence to
prove the effectiveness of voriconazole in neonatal
central nervous system infection, and IDSA guidelines
did not recommend the use of voriconazole in neonates
[12].

According to the Individualized Drugs for
Voriconazole: Practice Guidelines for Therapeutic Drug
Monitoring of the Chinese Pharmacological Society, the
blood trough concentration of voriconazole should be
maintained in the range of 0.5-5 mg/L[18], but the
recommendation did not include newborns, especially
premature infants. The trough concentration of
voriconazole in this child was 1.45 mg/L, which was in
line with the recommendation of the guidelines. It was
suggested that the reason why neonates, especially
premature infants, need to be more cautious in the use
of voriconazole was the poor treatment effect, rather
than the safety.

Stott et al. [19] summarized the concentration of
different antifungal drugs in cerebrospinal fluid, found
that voriconazole had a strong ability to penetrate
cerebrospinal fluid, but there were significant individual
differences. Studies by Irja et al. [20] showed that the
concentration range of voriconazole in cerebrospinal
fluid was 0.08-3.93 ug/mL, and the cerebrospinal
fluid/plasma concentration ratio was 0.22-1.0. In
addition, several researches had shown that there were
large individual differences in the pharmacokinetics of
voriconazole between children and adults, such as
non-linear metabolism, age, weight, CYP2C19
genotype, food, liver function, drug interactions [21-24].

In order to explore the antifungal activity of
voriconazole and amphotericin B against Candida
albicans, Valentin et al. carried out in vitro experiments
in Sabouraud’s glucose broth matrix and cerebrospinal
fluid, respectively. The results showed that
voriconazole had only antibacterial activity against
Candida albicans and no bactericidal activity.
Amphotericin B had good bactericidal activity, which
was significantly better than voriconazole [25].
Therefore, the author believes that these are the
important reasons for the poor therapeutic effect of
voriconazole in this child.

Li et al. [26] published a case of voriconazole
combined with amphotericin B in the treatment of adult
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candida meningitis, which provided a basis for
amphotericin B in the treatment of candida albicans
meningitis. Although Stott et al. [19] summarized the
use of cerebrospinal fluid/plasma concentration ratio to
prove that the ability of amphotericin B to penetrate
cerebrospinal fluid was poor. Actually, the experimental
design developed by Andreas et al. [27] was more
convincing. They studied the distribution of four
formulations of amphotericin B in cerebrospinal fluid
and brain tissue in rabbit models. It was found that the
distribution of different dosage forms except
amphotericin B liposomes in cerebrospinal fluid was
relatively uniform, and the average cerebrospinal
fluid/plasma concentration ratio was about 0.23. The
concentration of amphotericin B liposomes in vivo was
significantly better than that of other dosage forms. The
plasma concentration was 35-74 times that of other
dosage forms, and the concentration in brain tissue
was 6-10 times that of other dosage forms[27]. The
extremely high blood concentration of amphotericin B
liposome led to a low CSF/plasma concentration ratio.
More importantly, amphotericin B and its liposomes
were recommended in the IDSA guidelines for the
treatment of fungal infections in children [12]. The
pharmacokinetic characteristics and effectiveness of
amphotericin B were comprehensively considered by
clinical pharmacists with reference to relevant literature
and guidelines. Finally, the child recovered well.

4. CONCLUSION

The clinical manifestations of neonatal central
nervous system fungal infection are lack of specificity.
Failure to diagnose in time and give reasonable and
effective drug treatment may delay the condition and
even lead to sequelae. During the treatment of the
child, clinical pharmacists played their professional
expertise and provided professional support and
reasonable and effective suggestions for clinicians in
the selection and use of antifungal drugs. In the whole
process, clinical pharmacists play an important role and
are increasingly recognized by clinicians. In the future,
clinical pharmacists still need to gradually improve their
ability in order to obtain a certain voice in clinical
treatment, participate more in clinical treatment, and
further reflect the value of clinical pharmacists.
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