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Abstract. 

Background. 

Candidemia is a significant cause of morbidity and mortality in infants. The mortality 

rate ranges between 21% and 76%. Non-albicans candida (NAC) is increasing in 

incidence and resistance to azoles. 

Very low birth weight (VLBW) infants have numerous risk factors which predispose 

them as a group to invasive candidemia.  

Methods.  

A retrospective case control study of candidemia in VLBW infants admitted to the 

neonatal unit at Charlotte Maxeke Johannesburg Hospital (CMJAH) between 01 

January 2015 to 31 December 2017 was undertaken.  

Clinical and demographic characteristics of VLBW infants who developed 

candidemia, commonest Candida species, antifungal susceptibility profiles and 

outcomes defined as death were identified.  

71 infants with confirmed positive blood cultures for candidemia from the NHLS 

database were selected and each case was allocated 3 controls; the final sample 

comprised 284 infants. 

Results. 

Bacterial sepsis, chronic lung disease (CLD), necrotising enterocolitis (NEC) and 

NEC surgery, other surgery, anaemia and ventilation, all showed a strong 

association with development of candidemia in the infants. 

The most common isolate was Candida parapsilosis (59.1%), followed by Candida 

albicans (30.9%). The cases of candidemia overall and NAC isolates increased over 

the study years. Resistance to azoles by NAC was demonstrated. 

Mortality was 31.2% and 28.2% in controls and cases respectively. The difference in 

death between the two groups was not statistically significant. 
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Conclusions. 

The study demonstrated a predominance of NAC isolates, increasing rate of 

candidemia and increased resistance to azoles. Stricter infection control measures 

and medical intervention strategies should be implemented. 

Introduction. 

The commonest cause of invasive fungal infections in infants is Candida species. 

Candidemia is associated with significant morbidity and mortality in infants . The 

mortality rate in infants with candidemia ranges between 21%  and 76% (2) . Ballot et 

al in their review of neonatal fungal bloodstream infections (BSI)  at Charlotte 

Maxeke Johannesburg Academic Hospital (CMJAH) for the period January 2007 to 

December 2011 reported a mortality rate of 45.8% (3). Candidemia is responsible for 

9-13% of BSI in infants(3). A high index of suspicion for candidemia needs to be 

maintained in infants of very low birth weight ( VLBW), low gestation, CLD, anaemia, 

surgery, necrotising enterocolitis (NEC) , bacterial sepsis , hypothermia and low 

blood glucose in whom blood cultures remain negative (3). Symptoms and signs of 

candidemia are non-specific and blood cultures have a suboptimal sensitivity for 

detection of candidemia. The burden of disease, poor outcomes and cost of medical 

treatment in infants with candidemia is significant and necessitates the 

implementation of prevention strategies. 

Infants at most risk for fungal BSI are VLBW and extremely low birth weight (ELBW) 

infants, infants born at less than 30 weeks gestation age and those with surgical 

problems (4). The risk of sepsis is inversely proportional to birth weight and gestation 

age(5). VLBW infants are prone to numerous medical complications which require 

invasive treatment and a significant number of the treatments can increase the risk 

for candidemia.  

Infants with candidemia present with non-specific clinical signs. Sudden clinical 

deterioration; such as elevated or low blood glucose levels, unexplained abdominal 

distention, intolerance to feeds (large gastric aspirates or aspirates with abnormal 

discoloration), hypothermia, sudden increased ventilation or oxygen requirements, 

lethargy, platelet levels dropping and circulatory insufficiency require urgent 

treatment (3, 4).  
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Appropriate choice of antifungal agent and timely implementation of therapy are 

significant with respect to patient outcomes. A delay of more than 24 hours in 

administration of appropriate therapy has been shown to independently increase the 

patient’s probability of demising by two fold (6). The selection of appropriate empiric 

therapy must take into account the local epidemiology. In settings with a high 

prevalence of non-albicans and azole-resistant Candida species, the use of 

fluconazole is not suitable for empiric therapy. 

Management guidelines must be guided by local current epidemiological data. This 

study therefore aimed to review candidemia in VLBW infants at CMJAH South Africa, 

the associated risk factors, the commonest fungal organism isolated and the 

antifungal susceptibility patterns. 

Objectives 

 To describe the characteristics (gender, birth weight, Hyaline membrane 

disease (HMD), chronic lung disease, anaemia, maternal HIV, antenatal 

steroids, antenatal care, NEC, NEC surgery, ventilation and bacterial sepsis) 

of neonates with fungal BSI and those without fungal BSI between 01 January 

2015 and 31 December 2017 and to compare the two groups. 

 To describe the epidemiology of candidemia, including the antifungal 

susceptibility patterns of isolated fungal pathogens. 

 To describe the risk factors associated with fungal BSI. 

 To determine outcomes of neonates with candidemia. 

Methods. 

This was a retrospective case control study of VLBW infants admitted to the neonatal 

unit at CMJAH between 01 January 2015 to 31 December 2017. 

A review of candidemia in VLBW infants in CMJAH South Africa was taken.  

Data used was obtained from Research Electronic Data Capture (REDCAP) hosted 

by the University of the Witwatersrand (7). The VLBW infants identified with 
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candidemia were classified as cases. The next three VLBW infants, without 

candidemia, admitted to the unit were classified as controls. 

Culture results (organism identity and antifungal sensitivity) were obtained from the 

National Health Laboratory Services data base (Corporate Data Warehouse). Those 

infants with suspected candidemia who were found to have negative cultures were 

excluded from the study. 

During the study period Amphotericin B was used as empiric therapy for treatment of 

suspected candidemia. Treatment was revised based on microbiology results. 

The BacT/AlerT® (BioMerieux, France) blood culture system was used. Yeasts were 

identified using Vitek® MS, Vitek® 2 or API® 20C AUX (BioMerieux). Antifungal 

susceptibility testing was performed using ETESTs® or Vitek® 2 (BioMerieux) and 

interpreted using Clinical and Laboratory Standards Institute guidelines (CLSI M27-

A3)(8).  

The participants were categorised according to their weight, those <1000g and 

>1000g and gestational ages <30 and >30 weeks. The cut off for weight was 1500g 

and gestational age <36 weeks. 

 

Definitions. 

 

Chronic lung disease (CLD) was defined as supplemental oxygen at 28 days of age. 

Necrotising enterocolitis (NEC) was defined as modified Bell’s stage 2 and 3(9). 

Bacterial sepsis was defined as culture proven sepsis at any age. 

 

Statistical analysis 

IBM SPSS statistics version 25 was used for statistical analysis. Categorical data 

were described using frequencies and percentages. Cases (with candidemia) were 

compared with controls (without candidemia).  Chi- square analysis was used to 

compare categorical data. A p-value <0.05 was considered statistically significant. 
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Ethics. 

The protocol was submitted for approval to the Human Research Ethics Committee 

(medical) of the university of the Witwatersrand. Permission to conduct the study 

was granted from the department of Paediatrics and Child Health, as well as from 

the CMJAH chief executive officer. 

 

Results: 

Flow diagram showing selection of study participants. 

 

 
 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

The majority of the patients were females (54.6%). Most infants were VLBW (65.1%) 

and below 30 weeks gestation (64.0%). The overall mortality rate was 30.6%. There 

was no association with candidemia for gender, birthweight, gestational age or 

mortality in the current study. Chronic lung disease (CLD), anaemia, NEC, the need 

for ventilator support, surgery and bacterial sepsis were all significantly associated 

with candidemia. (See Table 1).

Retrieved 
clinical records 
n=1710 

 
n=1477 

 
n=348 

Final sample 
n=284 

Excluded n=233 
Reason: missing information in  
Clinical records. 

Sample selection: Step 1 
Fungal sepsis cases: n=87 
No fungal sepsis, 3 controls per 
cases: 
n=261. 

 

Sample selection: Step 2 
Excluded cases: n=16 fungal 
sepsis not culture proven. 
Excluded controls, 3 that were 
matched per case: n=48 
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Table 1: Patient characteristics in VLBW infants with and without candidemia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HMD: hyaline membrane disease; CLD: chronic lung disease; NEC: necrotising enterocolitis; NCPAP: 

nasal continuous positive pressure ventilation. Other surgery (arthrotomy, arthroplasty, laparotomy for 

various indications). 

Characteristics Total(n)%284 No 
FBSI(n)%213 

FBSI 
(n)%71 

P-value 

Gender 
Male 

 
129(45.4) 
 

 
99(46.5) 
 

 
30(42.3) 
 

 
0.583 

Gestational age 
<30 weeks 

 
181(64.0) 

 
132(62.0) 

 
49(69.0) 
 

 
0.322 

Birth weight 
<1000g 

 
97(34.1) 
 

 
75(35.2) 
 

 
22(31.0) 
 

 
0.536 

 
   HMD 
 
   CLD 
 
   Anaemia                     
                            

 
206(72.5) 
 
32(11.3) 
 
85(29.9) 
 

 
153(71.8) 
 
16(7.5) 
 
54(25.4) 
 

 
53(75.0) 
 
16(22.5) 
 
31(43.7) 

 
0.643 
 
0.002 
 
0.005 

Maternal HIV  
                           

93(32.7) 
 

65(30.5) 
 

28(39.4) 
 

0.205 
 

Antenatal 
steroids                           
 

118(41.5) 
 

84(39.4) 
 

34(47.9) 0.404 

Antenatal care 
                   
 

202(71.1) 
 

151(70.8) 
 

51(71.8) 
 

0.761 

NEC 41(14.4) 
 

24(11.3) 
 

17(23.9) 
 

0.012 

NEC surgery 
 

32(11.3) 
 

19(8.9) 
 

13(18.3) 
 

0.049 

Other surgery 
 

29(10.2) 
 

10(4.7) 
 

19(26.8) 
 

<0.001 

Ventilated 
NCPAP 
Conventional 
 

 
206(72.5) 
99(34.9) 
 

 
142(66.7) 
55(25.8) 
 

 
64(90.1) 
44(62.0) 
 

 
0.001 
<0.001 
 
 
 

Bacterial sepsis:  
                                             

118(41.5) 
 

62(29.1) 
 

56(78.9) 
 

<0.001 

Demised 87(30.6) 
 
 

67(31.5) 20(28.2) 0.324 
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Microbiology. 

Table 2 

Organisms isolated and antimicrobial sensitivity. 

 

Candida species isolated 

 

Total 

 

Frequency 

 

Azole 

susceptible 

 

Total % 

resistant 

 

C. parapsilosis 

 

 

*42 

 

59.2% 

 

20/34 

 

41.2% 

 

C.albicans 

 

 

22 

 

31.0 

 

22 

 

0 

 

Other Candida species 

 

 

4 

 

5.6 

 

- 

 

- 

 

C. glabrata 

 

3 

 

4.2 

 

2 

 

- 

 

*Data missing for C. parapsilosis microbiology results, only 34 out of 42 reported. 

*No CLSI breakpoint for C. glabrata and voriconazole. 

Figure 1 shows cases of the different candida isolates during the study period. C. 

parapsilosis showed an increase cases in all the years. The increase over the years 

of cases of candida isolates was not statistically significant (P = 0.835). The 

incidence of candidemia in this VLBW study population was calculated as total 

number of candidemia cases divided by the number of total admissions of VLBW 

infants (18/475, 23/487, 30/515 for 2015, 2016 and 2017 respectively) to get 

percentage total per annum.  
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FIG. 1. Number of Candida species (isolates per year). The percentages indicate the 

percentage of VLWB infants with candidemia per year of the study. 

 

Discussion. 

The study found an increase in the cases of candidemia in VLBW infants at CMJAH. 

There was an increase in the cases of candidemia during the study period from 

3.79% in 2015 to 5.83% in 2017, an increase of almost 50% over a three-year 

period.  This was in keeping with a previous report from the same study unit which 

demonstrated an increase in candidemia over a five year period (4). Lovero et al 

showed an increase in the incidence of non-albicans Candida (NAC) with particular 

reference to C.parapsilosis(10). The study demonstrated an increase in the cases of 

C. parapsilosis from 2015 to 2017 and the results were statistically significant with a 

p-value of <0.001. 
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The risk factors significantly associated with candidemia in VLBW  infants in the 

present study were similar to those reported in western China and India (11-13). The 

association between candidemia and NEC, mechanical ventilation and surgery 

reported in the current study are comparable with other studies evaluating 

candidemia in infants (4, 14-16) . The association between NCPAP and candidemia 

described above had not been shown previously. The plausible explanation would be 

poor adherence to infection control measures. When the tubing and humidifiers are 

contaminated by the hands of the healthcare personnel possibly colonised with 

fungal organisms it can lead to contamination and spread of fungal infections (17). 

Therefore, adhering to strict infection control measure is essential. CLD has been 

found to be a risk factor for candidemia in VLBW by the present study ,Won et al, 

demonstrated a similar association(18).Low gestation (<30 weeks) and ELBW 

(<1000g) were not statistically significant risk factors in this study. However risk 

factors that are found to be common to VLBW infants are seen in this study and 

have shown a strong association with candidemia (12, 17, 19).   

Prior bacterial sepsis was a common risk factor in patients presenting with 

candidemia. Broad spectrum antibiotics are used for treatment of bacterial sepsis. 

This is associated with a selective pressure for Candida species (1, 20). The study 

showed bacterial sepsis to have a significant association with candidemia in VLBW 

infants, and is consistent with results in similar studies (1, 4, 15). At the time of the 

study the empiric antibiotics for late onset bacterial sepsis were meropenem and 

vancomycin. Fu et al demonstrated a strong association between carbapenem use 

and development of candidemia (13).  

Candida species is a third leading cause of late onset sepsis recovered in blood 

culture isolates and leading cause of fungal infection in infants, in particular VLBW (6, 

10, 14, 21). The present study has shown an increase in the incidence of candidemia. A 

decline in the number of C. albicans blood culture isolates is seen this study, with C. 

parapsilosis blood culture isolates increasing annually and surpassing C. albicans. 

Studies from Brazil, Iran, Uganda and Netherlands have demonstrated an increase 

in NAC however, C.parapsilosis was the second isolate to C.albicans (12, 15, 21, 22). Fu 
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et al showed C. glabrata as the second common NAC isolate in a recent study done 

at a tertiary hospital in  western China(14).   

Hospitals in Italy and in the USA demonstrated a strong association between C. 

parapsilosis and the use of total parenteral nutrition (TPN) and adherence to central 

catheters (23, 24). However, due to the lack of information on the two risk factors TPN 

and use of central lines were not included in the present study (1, 5, 13, 16, 25, 26).  

The increase in resistance to azoles by NAC is well demonstrated in this study with 

C. parapsilosis showing resistance to both fluconazole and voriconazole, (41.2%) of 

isolates. Sarvikivi et al in their study demonstrated an increase in resistance to 

fluconazole by C. parapsilosis isolates (27).    C. glabrata that is susceptible to 

fluconazole requires high doses to treat it. Tarlamin et al and Ota et al both describe 

dose dependent susceptibility to fluconazole by C. parapsilosis (28, 29).The unit where 

the study was conducted, Amphotericin B was used to treat C. glabrata candidemia.  

The successful use of fluconazole as prophylaxis in preventing invasive fungal 

infections with Candida species was reported, however a statistically significant 

decrease in mortality was not demonstrated(30-33). The CMJAH neonatal unit does 

not give fluconazole prophylaxis to VLBW neonates. The high number of fluconazole 

resistant C. parapsilosis made the use fluconazole prophylaxis questionable. 

Death as an outcome in infants with candidemia was at 28.2%, which was not 

statistically significantly higher than in controls. The high number of deaths in the 

control group is attributed to the high number of ELBW infants. Sriram demonstrated 

higher mortality rate in infants with candidemia 19.6% versus 10.7% for controls (34). 

What the study added. 

 

Focus was on VLBW infants who require respiratory support with NCPAP and 

mechanical ventilation. The study was able to demonstrate a statistically significant 

association between NCPAP use and candidemia. Anaemia and CLD were shown to 

be statistically significant which has not been demonstrated in other similar studies. 
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Study limitations. 

 

The study duration was short and the statistical power was reduced due to exclusion 

of a significant number of infants due to missing information in the clinical records. 

Information on central venous catheters (CVP) and total parenteral nutrition (TPN) 

was missing also. 

Cohort was limited to VLBW premature infants; thus the findings of the study cannot 

be generalised to all infants. 

 

Conclusion. 

 

CLD, anaemia and the need for ventilation was associated with candidemia. The 

increase in cases of NAC isolates was demonstrated with increasing resistance to 

azoles. Stricter infection control measures and medical intervention strategies to 

reduce the incidence of candidemia in VLBW infants should be implemented. The 

use of Amphotericin B in empiric treatment of candidemia should be continued in the 

unit and treatment only changed once results on the isolates and susceptibility 

patterns are obtained. A study over a longer period and a larger cohort is needed. 
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Introduction. 

Neonatal sepsis is an increasing cause of concern. The commonest cause of fungal 

blood stream infection (BSI) in the neonatal unit is Candida species. Fungal BSI is a 

significant cause of morbidity and mortality in neonates (1). The mortality rate in sick 

neonates with fungal BSI ranges between 21% (2) and 76% (3).  In a study by Ballot et 

al which was conducted between January 2007 and December 2011 at Charlotte 

Maxeke Johannesburg Academic Hospital (CMJAH) a mortality rate of 45.8% was 

reported (4). Fungal BSI is responsible for 9-13% of BIS in neonates (4). A high index 

of suspicion needs to be maintained in ill neonates who remain with negative blood 

cultures (4). The burden of disease and the cost of medical treatment are significant 

in neonates with fungal BSI and that requires implementation of strategies to 

minimize the burden of disease.  

The group that is most likely to be affected with fungal BSI are the very low birth 

weight (VLBW) and extremely low birth weight (ELBW) infants, neonates born at less 

than 30 weeks gestational age and neonates with surgical problems (5). The risk of 

neonatal sepsis is inversely proportional to birth weight and gestational age, 

therefore ELBW and VLBW are at increased risk of sepsis (8). Neonates with fungal 

BSI present with nonspecific clinical signs. The index of suspicion should be high for 

neonates with sudden clinical deterioration; such as elevated or low blood glucose 

levels, unexplained abdominal distention, intolerance to feeds (large gastric 

aspirates or aspirates with abnormal discoloration), hypothermia, sudden increased 

requirements on ventilator settings for those on mechanical ventilation or needing 

supplemental oxygen whereas previously not, lethargy, platelet levels dropping and 

circulatory insufficiency (4, 5). Making a diagnosis of fungal BSI can be challenging 

and treatment must be initiated timely. Appropriate choice of antifungal agent and 

timely implementation of therapy are significant with respect to patient outcomes. 

Currently in the unit Amphotericin B is used for presumed fungal sepsis and 

treatment revised based on microbiology results of organism isolated and drug 

sensitivity results. A delay of more than 24 hours in administration of therapy has 

been seen to independently increase the patient’s probability of demising by two fold 

(9).  
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There are risk factors cited in the literature that predispose neonates to fungal BSI. 

Treatment with broad spectrum antimicrobial agents and the number of different 

antimicrobial agents used increases susceptibility to overgrowth of fungal 

microorganisms due to eradication of normal bacterial flora [4, 5]. 

Each time a new antimicrobial agent from a different class is used there is an 

exponential increase of spread of fungal BSI (4) .The VLBW and ELBW neonates 

invariably become exposed to more than two broad spectrum antimicrobial agents 

during their prolonged hospital stay and therefore may end up getting fungal BSI. 

Chang et al demonstrated the control of invasive Candida infections in VLBW infants 

by decreasing the use of 3rd and 4th generation cephalosporins in neonates with 

added risk factors and critical conditions [10]. These neonates are subjected to 

multiple venipunctures for various treatment interventions, e.g. administration of 

intravenous medication and fluids, total parenteral nutrition and laboratory 

investigations and therefore increasing the exposure to possibly colonized hands of 

healthcare personnel (6). The prolonged duration of stay of the inserted catheters; 

either peripheral or central line catheters, increases the risk of having fungal BSI (6, 7). 

Total parenteral nutrition(TPN) which forms a critical part of nutritional care in 

neonates with surgical problems is said to contribute to gut mucosal atrophy and 

also to be immunosuppressive thus increasing the risk of fungal sepsis (6). Some of 

the fungal species have a predilection for adhering to central line catheters, further 

increasing the risk of infection (1,4). A study by Yang et al showed that the use of TPN 

was a significant risk factor for fungal sepsis, the study further showed that neonates 

with hospital acquired blood stream infection had twice the risk of mortality (11). The 

lower the gestational age in the neonates (<30 weeks), the higher the risk of 

colonization of the skin and mucosal membranes with fungal organisms and thus 

increasing the risk for the invasion of the blood stream (12).  Treatment with H2 

receptor blockers and steroids, ventilator support and intubation with endotracheal 

tubes and neonates treated with nasal continuous positive airway pressure (NCPAP) 

were identified to be at for risk fungal BSI (4, 5). A surveillance of hospital acquired 

infections (HAI) by Crivaro et al conducted in Italy during 2006 - 2010 demonstrated 

that ELBW infants were at a higher risk of developing HAI with Candida species. 

Candida albicans and Candida parapsilosis were responsible for 16.3% and 10.5% 

respectively, out of 64% of device associated infections. The identified devices were 
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umbilical vein catheters, central vein catheters and mechanical ventilation (13).  Some 

of the mothers admitted for preterm birth do not attend antenatal care and thus miss 

the critical care in pregnancy, the neonates born to such mothers have been found to 

be at risk of fungal sepsis (5). 

At CMJAH neonates with surgical problems often require central line catheters as 

their hospital stay is prolonged and intravenous access becomes a challenge 

progressively. Insertion of peripheral central lines increases the incidence of fungal 

BSI in the neonates who have existing central lines (7). In the study by Ballot et al, the 

use and duration of central lines as a risk factor for fungal BSI were not evaluated 

due to lack of detailed information (4). Prophylactic Fluconazole is not used at CMJAH 

following the outcome of the study by Ballot et al as the predominant fungal isolate in 

the study was resistant to Fluconazole, therefore making prophylaxis with 

Fluconazole questionable (5). It is of paramount importance that fungal pathogen 

resistance and sensitivity patterns are identified and known. The selected antifungal 

agent must be proven to be active in vitro against the responsible pathogen  (9). 

Correct antifungal agent must be chosen and the administration of the antifungal 

agent be done within the first 24 hours of suspected sepsis (9). Delay in therapy has 

been described as inappropriate treatment (9). 

In CMJAH a significant number of neonates with fungal BSI is treated annually, the 

rate tripled in a period of 5 years from 0.6% to 1.8% between the years 2007 and 

2011(5). Shim et al looked at trends in neonatal sepsis and found fungal infections to 

be on the rise and they found that there is an associated increase in numbers of 

preterm births and increased survival of rate of VLBW babies. The study was 

conducted in a tertiary centre in Korea and records from 1996 to 2005 (10 years) 

were compared to the period from 1980 to 1995 (16 years) (14). 

CMJAH neonatal unit is a large paediatric surgical referral unit, with a 14 bed shared 

paediatric/neonatal intensive care unit (ICU), adjacent neonatal high care with 

occupancy of 35 beds up to a maximum of 40 beds during busy periods, and step 

down neonatal care with 26 beds. 

 The commonest known fungal isolate in CMJAH is Candida parapsilosis which 

accounts for 54.2% of the fugal isolates, Candida Albicans being the next highest at 
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27.1% (5). Other non- Albicans Candida (NAC) isolates are, Candida glabrata and 

Candida tropicalis. Amphotericin B is used as empiric antifungal cover in CMJAH, 

very often for prolonged periods and with undesirable side effects. Some studies 

report resistance to Amphotericin B, although minimal at about 3.79%, the 

development is concerning (5). Kotwal et al demonstrated a shift in the pattern of 

fungal infections from albicans to non-albican species and a significant resistance to 

azoles by the fungal pathogens including C. albicans. However, newer azoles were 

not tested for sensitivity [15]. 

The type and antimicrobial sensitivity of fungal pathogens changes over time. The 

aim of the study is to identify the trend in neonatal fungal BSI at CMJAH, the 

predominant fungal isolates cultured, and to review the resistance and sensitivity 

patterns of the fungal pathogens. The mortality rate of neonates with fungal BSI was 

significant in the study conducted between January 2007 and December 2011 in 

CMJAH by Ballot et al. It has been four years since the study by Ballot et al 

therefore, it is important to have current data which can then be used to revise 

current health policies and antifungal treatment use. A comparison will be made 

between the neonates with fungal BSI and neonates without fungal BSI with relation 

to differences or similarities in clinical and demographic risk factor. 

Study objectives. 

 To describe the characteristics of neonates with fungal BSI and those without 

fungal BSI between 01 January 2015 and 31 December 2017 and to compare 

the two groups. 

 To describe antifungal sensitivity and resistance patterns of isolated fungal 

pathogens. 

 To describe the risk factors associated with fungal BSI. 

 To determine outcomes of neonates with fungal BSI. 

Definitions. 

Fungal BSI will be defined as culture proven sepsis. The culture results and 

sensitivity will be obtained from the NHLS records. 

Gestational age will be determined by maternal history and Ballard score. 
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Methods. 

Inclusion criteria. 

New born babies admitted to CMJAH neonate unit within 72 hours of birth. 

An age of less than 28 days will define a neonate as well as less than 40 days of life 

for babies born prematurely and who have never been discharged home. 

The study will be conducted at CMJAH neonatal department. 

In the study, data from neonatal admissions between 01 January 2015 and 31 

December 2017 will be reviewed. Microbiology data will be obtained from National 

Health Laboratory Services (NHLS) information systems (CDW). 

Exclusion criteria. 

Neonates with incomplete clinical records will be excluded. The number of 

incomplete records will be recorded. 

Study design. 

This is a retrospective case control study of trends of fungal BSI in neonates in the 

neonatal unit at CMJAH for the period of 01 January 2015 to 31 December 2017. 

Gender, birth weight, gestational age, duration of mechanical ventilation and 

NCPAP, Human Immunodeficiency Virus (HIV) exposure, antenatal care, antenatal 

steroids, surgical diagnosis including procedures and necrotizing enterocolitis (NEC), 

associated bacterial sepsis, survival to discharge, identity of fungal isolates and the 

predominant organism and antifungal sensitivity patterns of fungal isolates will be 

reviewed. 

Statistics. 

Data for participants will be obtained from the neonatal data base at CMJAH and 

NHLS microbiology laboraties for fungal isolates to correlate. The study will be 

powered to 80%. A two sided confidence interval of 95% will be used. Participants 

will be grouped according to weight categories and for each case, three controls will 

be chosen. Control infants will be selected as the next three babies on the same day 

of birth.  
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Data will be analysed using standard statistical methods. Continuous variables with a 

normal distribution will be described with mean and standard deviation, while median 

and range will describe skewed data. Categorical variables will be described using 

frequencies and percentages. 

Comparison between continuous variables will be done using unpaired t-test or 

Mann Whitney test as appropriate (nonparametric). 

Chi square analysis will be done to compare categorical variables. 

STATA statistical tools will be used. 

Ethics. 

Permission will be sought from the hospital superintendent and authority responsible 

for neonatal data base in CMJAH and NHLS information systems for access to 

information. Patient`s identity will be concealed and separate key will be used to 

differentiate records. 

Funding. 

The study entails reviewing of records and minimal costs are anticipated and will be 

borne by the investigator. 
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