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There was no correlation between any of the parameters assessed and AV trough level 1. 

Though it was found that there is a strong positive correlation between SV trough level 1 and GA 

(r=0.89; p=0.0013), BBW (r=0.71; p=0.031), and PMA (r=0.903; p=0.0008), a negative correlation 

was found between SV trough level 1 and PNA (r=-0.73; p=0.021). No correlation was found between 

the body weight and height at trial entry (r=0.017; p=0.961 and r=0.39; p=0.291) respectively. 

No correlation was found between SV trough level 1 and the following biological parameters albumin 

(r=-0.37; p=0.41) serum creatinine (r=0.43; p=0.291) and GFR (r= -0.63; p=0.257).  

Figure 4.3: Scatter plots comparing trough level 1 and gestational age (GA) of both study groups. 

=  

When SV is considered (the red dots), it is clear that there is a good positive trend. For this reason, a 

significant correlation(r=0.89; p=0.0002) is found between GA and trough level 1 for the SV group. In 

AV: r=0.01; p=0.971 

SV: r=0.89; p=0.0002 
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the AV group, two observations have much higher values for trough level 1 than the rest (see 

encircled blue dots). These two values ensure that the correlation between these two variables are 

not significant (r=0.01; p=0.971)for the AV group.  
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Figure 4.4: Scatter plots comparing trough level 1 and birth weight (BW) of both study groups. 

 

The values of AV are scattered, thus no good correlation (r=-0.28; p=0.432) is found for this group 

between the birth weight and trough level 1. 

There is a positive correlation (r=0.711; p0.031) between birth weight and trough level 1 in the SV 

group. 

 

 

 

AV: r= -0.28; p=0.432 

SV: r= 0.711; p=0.031 
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Figure 4.5: Scatter plots comparing trough level 1 and PNA of both study groups 

 

The values of AV are scattered, no clear trend is visible, thus no significant correlation(r=0.19; 

p=0.594) is found for this group between PNA and trough level 1. It is clear that there is a negative 

correlation (r=0.73; p=0.026) between these two variables for SV.  

 

 

 

AV: r=0.19; p=0.594 

SV: r=-0.73; p=0.026 
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Figure 4.6: Scatter plots comparing trough level 1 and PMA of both study groups. 

 

The presence of the two outlyers in the AV group is the reason that there was no correlation found 

between the PMA and trough level 1.   

A strong positive correlation (r=0.90; p=0008) was found between the PMA and trough level 1 in the 

SV group. 

AV: r=0.06; p=0.877 

SV: r=0.90; p=0.0008 
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4.4 Therapeutic ranges of trough level 1 in both study groups 

Table 4.7: Distribution of premature infants with regards to trough level 1 being below minimum therapeutic 

serum concentration (<5 µg/ml l), within serum therapeutic range (5-10 µg/ml) and above minimum toxic serum 

concentrations (>10mg/l) in both study groups 

 <5 µg/ml  5-10 µg/ml  >10 µg/ml  Total 

Aspen 

Vancomycin® 

(AV) 

0 

0% 

3 

30% 

7 

70% 

10 

Sandoz 

Vancomycin CP® 

(SV) 

2 

22.22% 

4 

44.44% 

3 

33.33% 

9 

Total 2 7 10  

 

Table 4.7 above describes the number (top) and percentage (bottom) of premature infants whose 

trough level 1 were below minimum effective concentration (<5 µg/ml), within therapeutic range (5-10 

µg/ml) and above minimum toxic serum concentration (>10 µg/ml) in both study groups. 
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Figure 4.7: Distribution of premature infants that had a trough level 1 below the minimum effective 

concentration (<5 µg/ml) for each study group  
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Figure 4.7 describes those premature infants with trough level 1s that were below the minimum 

therapeutic serum concentration. The two squares indicate that both the premature infants received 

SV. No additional trough levels were taken for these two premature infants as per the physician’s 

discretion. Therapy was discontinued after trough level 1 in both premature infants.   

 

 

Distribution of premature infants that had a trough level 1 below the minimum 

therapeutic concentration (<5 µg/ml) for each study group (n=2). 

(Solid blue line with circles=AV and dotted green line with squares = SV) 
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Figure 4.8: Distribution of premature infants that had a trough level 1 within therapeutic range (5-10 µg/ml) for 

each study group 
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Figure 4.8 describe those premature infants that had a trough level 1 within therapeutic range and the 

placement of trough level 2 and 3 respectively.  

The dotted green line and squares indicate those premature infants that received SV and the solid 

blue line with the circles indicates those infants that received AV.   

For the study population it was found that all seven premature infants (4 received SV and 3 received 

AV) had though level 1 within therapeutic range also had the second  trough level within therapeutic 

range. Four out of the seven (57%) premature infants (3 SV and 1 AV) had the third trough level 

within therapeutic range. Two of the seven (29%) premature infants (1 SV and 1 AV) had the third 

Distribution of premature infants that had a trough level 1 within the therapeutic range 

(5-10 µg/ml) for each study group (n=7). 

(Solid blue line with circles=AV and dotted green line with squares = SV) 
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trough level above the minimum toxic concentration and one premature infant (SV) (14%) had the 

third trough level below the minimum effective concentration. 
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Figure 4.9: Distribution of premature infants that had a trough level 1 above the minimum toxic serum 

concentration (>10 µg/ml) n=10. 
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Figure 4.9 describes premature infants that had a trough level 1 above the minimum toxic serum 

concentration (>10µg/ml) and the results of trough level 2 and 3 respectively. 

It was found that ten out if 19 (52%) premature infants had trough level 1 above the minimum toxic 

serum concentration. Seven (36%) premature infants received AV and three (15%) received SV. 

Out of the seven premature infants that received AV, five had a second trough level taken. Therapy 

was discontinued as per the physician’s discretion in two of those seven premature infants before a 

second trough level could have been taken. Out of the five premature infants that had a second 

Distribution of premature infants that had a trough level 1 above minimum toxic serum 

concentration (>10 µg/ml) for each study group (n=10). 

(Solid blue line with circles=AV; Dotted green line with squares = SV) 

 

S
e

ru
m

 t
ro

u
g
h

 l
e
v
e

l 
c
o
n

c
e
n

tr
a

ti
o

n
s
 (

m
g

/l
)  

Time (days) 

 

 

 

 



Chapter 4: Results 
 

63 
 

trough level taken, two had a second trough level within therapeutic range and three had the second 

trough level above the minimum toxic serum concentration. Out of the seven premature infants that 

received AV, only two had a third trough level taken and it was also above the minimum toxic 

concentration. Both those premature infants had all three trough levels above the minimum toxic 

serum concentration. 

The three premature infants that received SV had a second trough level taken. Two premature 

infants’ second trough level was above the minimum toxic concentration and one was within 

therapeutic range. Both those premature infants had a third trough level within therapeutic range. 

Therapy was discontinued as per the physician’s discretion in one premature infant after the second 

trough level was taken. 
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4.5  Treatment outcomes of the both study groups 

Table 4.8: Treatment outcomes of Aspen-Vancomycin® premature infants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Median 

 

39.5 

 

36.5 

 

2127.5 

 

Range 

 

(26-167) 

 

(36-54) 

 

(1835-

4040) 

Key: LOS=Length of stay; GA= Gestational age; NEC= nectrotising enterocolitis CRP=C-reactive protein; 

PCT=Procalcitonin; NV=normal value 

 

Premature 

infant 

study no. 

LOS 

(days) 

Corrected 

GA at 

discharge 

(weeks) 

Body 

weight at 

discharge 

(g) 

Blood 

culture 

Reason for 

vancomycin 

treatment 

Treatment 

duration 

(doses)  CRP (NV:<5) 

PCT (NV:0-

0.05ng/ml) 

              

Day 

1 

Day 

2 

Day 

3  

Day 

4 

 Day 

1 

Day 

2 

Day 

3 

1 26 36 2390 Negative 

Presumed 

line related 

sepsis 6 3 <1 <1   0.2 0.35 

 

2 27 36 3100 Negative 

Presumed 

line related 

sepsis 3 3   <1   0.17   

 

3 31 35 2110 Negative Sepsis, ileus 6       <2 0.45 0.24 

 6 167 54 4040 Negative NEC 9 35 

 

31 29 

   

7 61 37 1900 Negative 

Abdominal 

mischief 7 2 2     0.3 0.43 

 

11 42 39 2055 Negative 

Abdominal 

mischief 7 <2 <2         

 

12 42 39 1835 Negative 

Abdominal 

mischief 7 <2       0.16   

 

15 24 36 2030 Negative 

Presumed 

line related 

sepsis 7 4 3         

 

9 55 36 2145 Negative 

Presumed 

line related 

sepsis 6     7   0.33   0.29 

17 

 

 37 37 2155 Negative 

Abdominal 

mischief 6 8 <5 3         
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Table 4.8 describes the LOS, corrected GA at discharge and the premature infant’s weight at 

discharge for study group AV. It also describes blood culture, the reason for treatment, duration of 

treatment, the CRP (Day1-4) and PCT values (Day1-3). It was found that four (40%) infants were 

treated for presumed line related sepsis, four (40%) were treated for abdominal mischief, one (10%) 

was treated for NEC and one (10%) was treated for sepsis associated with ileus. 

The median (range) length of stay (LOS) was 39.5 (26-167) days, corrected gestational age and the 

body weight at discharge for AV was 36.5 (36-54) weeks and 2127.5 (1835-4040) g respectively. 
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Table 4.9 Treatment outcomes of Sandoz-Vancocin CP® premature infants 

Premature 

infant 

study no. 

LOS 

(days) 

Corrected 

GA at 

discharge 

(weeks) 

Body 

weight at 

discharge 

(g) 

Blood 

culture 

Reason for 

vancomycin 

treatment 

Treatment 

duration 

(doses) 

CRP (NV:<5) PCT (NV:0-

0.05ng/ml) 

              Day 1 Day 

2 

Day 

3  

Day 

4 

 Day 1 Day 

2 

Day 

3 

4 13 36 1930 Negative Presumed IV 

line sepsis 

8 14    0.41    

5 77 40 2000 Negative  Sepsis and 

abdominal 

distention 

9 107 82 30      

8 75 38 1825 Negative Abdominal 

mischief 

10 <1 <1   0.14 0.16   

10 82 37 1822 Negative Abdominal 

mischief 

9 7 2   0.16    

13 70 36 1925 Negative Abdominal 

mischief 

5 <2    0.17    

14 37 38 1820 Negative Presumed IV 

line sepsis 

9 44 10 8  0.53 0.26 0.16

  

16 39 35 2000 Negative Abdominal 

mischief 

7 4 9 6  0.34 0.15   

18 122 41 2495 Negative Pneumonia 5 <2    0.1    

19 35 36 2120 Negative Abdominal 

mischief 

10 23 37 15  2.8    

 

Median 70 37 1930 

Range 13-122 35-41 1820-2495 

Key: LOS=Length of stay; GA= Gestational age; CRP=C-reactive protein; PCT=Procalcitonin; NV=normal value 
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Table 4.9 describes the LOS, corrected GA at discharge and the premature infant’s weight at 

discharge for study group SV. It also describes blood culture, the reason for treatment, duration of 

treatment, the CRP (Day1-4) and PCT values (Day1-3). 

It was found that two  (22%) infants were treated for presumed line related sepsis, five  (55%) were 

treated for abdominal mischief, one  (11%) was treated for pneumonia and one  (11%) was treated for 

sepsis and abdominal distension.   

The median (range) LOS is 70 (13-122) days; corrected gestational age and body weight at discharge 

for SV were 37 (35-41) weeks and 1930 (1820-2495) g respectively. 
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The aim of this prospective, double blind and randomised study is to compare the 

trough plasma levels (Cmin) of two vancomycin preparations available in South Africa 

(Aspen-Vancomycin and Sandoz-Vancocin) in a selected premature infant population 

presenting with suspected MRSA infection. Similarities between patients’ demographic 

and pathophysiological profiles have been confirmed. 

5.1 Patient demographics 

The sample size (n=19) and demographic parameters of premature infants involved in 

this study are similar to that of premature infants included in previous studies. The 

studies conducted by Reed et al, McDougal et al, De Hoog et al and Asbury et al 

involved 15, 15, 22 and 19 premature infants respectively. 

In this study the median (range) GA was 32 (28-33) weeks in the AV group and 29 (23-

34) weeks in the SV group. This is similar to the GA of premature infants in previous 

studies, (Reed et al 28.4 ± 2.6 weeks, McDougal et al 29.4 ± 2 and De Hoog et al 29 

(25-42) and Ashbury et al 29.3 ± 4.2 weeks). 
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The median (range) PNA of the premature infants in the AV group was 8 (3-18) days 

and in the SV group was 30 (3-58) days. This is similar that was found in previous 

studies where the PNA was 20.5 ± 10.4 in Reed et al , 23 ± 14 in McDougal et al, 11 (7-

21) in De Hoog et al, and 33.9 ± 19.9 days in Asbury et al. 

The median (range) PMA in this study was 33 (30-34.6) and 32 (31-34.7) weeks for AV 

and SV respectively. This is similar to premature infants involved in previous studies 

(Asbury et al, 1993; McDougal et al, 1995). 

The weight at trial entry for the premature infants in the AV and SV group was 1537 

(1080-2615) g and 1165 (925-1855) g respectively and is similar to that of premature 

infants included inprevious studies done by Reed et al. (1069 ± 435g), McDougal et al 

(1194 ± 412g), De Hoog et al (1160 (730-3420g) and Ashbury et al (1780 ± 1080g). 

The recommended dose for premature infants with a PMA of 29-34 weeks is 15mg/kg  

twelve hourly (Horn et al, 2007; Gibbon et al 2005). Dosing schedules in the literature 

do however differ - De Hoog et al (10mg/kg Q8h), Reed et al (12.6mg  twenty four 

hourly) and McDougal et al (18mg/kg eighteen hourly). 

As indicated in table 4.3 there was no significant statistical difference between GA, 

BBW, PMA, PNA and weight at trial entry in the premature infants enrolled in the AV 

group when compared with those of the SV group. 
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5.2 Patient biological parameters 

As indicated in table 4.4 there was no significant statistical difference between serum 

creatinine concentration, GFR and albumin, of the premature infants enrolled in AV 

group and those of the SV group. 

The median (range) serum creatinine for the premature infants in the AV group was 

50.5 (35-74)mmol/l and 51 (26-61)mmol/l for those in the SV group.  This serum 

creatinine concentration is similar to that found in premature infants by Grimsley & 

Thomson (1999) where the median serum creatinine concentration was 49 (18-172) 

mmol/l.  

Albumin levels were measured for eighty four percent of all study premature infants. 

Although no statistically significant difference (p=0.696) could be found between the AV 

(n=10) and SV (n=7) group, there was a trend towards a lower albumin level in the SV 

group (see figure 4.1). Vancomycin is 50-55% albumin bound and it was found that  with 

an increase in serum albumin levels, the lower the vancomycin serum trough levels, 

(Sun et al,1993, Jackson et al, 1999) 
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5.3. Comparison of trough levels assessed as per study group 

There was no significant statistical difference (p=0.118) between trough level 1 in the 

AV and SV groups. 

Trough levels 2 and 3 were collected, but were not statistically assessed due to failure 

to study protocol. The levels were not collected strictly sixty min before the sixth and 

ninth dose but at the physician’s discretion. Vancomycin dosing schedules were 

amended by the attending physician due to the previous trough level being considered 

inappropriate. The following dose was omitted therefore the next trough level being not 

in line with study protocol. 

The median vancomycin serum trough level 1 was 11.5 (8-19)µg/ml and 10 (1-14)µg/ml 

for AV and SV respectively. This correlates with what was found by De Hoog et al (8.2 ± 

2.2µg/ml with a dose of 15mg/kg twelve hourly).  McDougal et al found serum trough 

levels of 3.9 ± 0.6µg/ml with a dose of 18mg/kg eighteen hourly.   
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5.4 Correlations between clinical parameters and trough level 1 in each 

study groups 

No correlation between any clinical parameters, (demographic or biological) was found 

in the AV group. A strong positive correlation was observed between trough level 1 and 

the GA (r=0.89; p=0.0013), BBW (r=0.71; p=0.031), PMA (r=0.903; p=0.0008) and a 

strong negative correlation was observed between trough level 1 and PNA (r=-0.73; 

p=0.026) in the SV group.  

A possible reason for this non-correlation between trough level 1 and biological and 

demographic parameters in the AV group may be the two outlying trough levels when 

compared to these parameters in two study premature infants, as indicated in figures 

4.3-4.6. 

Vancomycin trough levels are dependent on demographic factors (GA, BBW, PMA, 

PNA), biological parameters (S-Cr, Alb, GFR) as well as pharmacokinetic parameters 

(protein binding, Vd, clearance) (De Hoog et al, 2004). This study has shown that the 

first two sets of parameters were not of definitive value in determining trough levels. 

Therefore the possible effect of pharmacokinetic parameters on the vancomycin serum 

trough levels was assessed. 

In literature the protein binding, vancomycin clearance and volume of distribution  have 

an effect on vancomycin serum trough concentration (De Hoog et al, 2004; Bauer et al, 

2008; Pacifici & Allegaert, 2012) 
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5.4.1 Protein binding 

Vancomycin is bound to albumin 50-55% (Sun et al, 1993; Rybak et al, 2009) and to 

serum immunoglobulin A (s-IgA).  The total fraction (bound and unbound) of 

vancomycin is measured in the serum, although only the free fraction is dependent on 

drug clearance (Sun et al, 1993).  

Albumin levels were assessed in this study, but no significant statistical difference was 

observed between the AV and SV group (p=0.686). However, as shown in figure 4.1 

there is as expected, a decreasing vancomycin trough level with an increasing albumin 

level. Despite the non-significance of the difference between SV and AV there seems to 

be a trend towards a lower vancomycin level in the SV group as compared to AV for a 

similar albumin level. The binding effect of vancomycin to other plasma proteins such as 

s-IgA was not investigated in this study. 

 

5.4.2 Vancomycin clearance 

Vancomycin is 80-90% eliminated by the kidneys via glomerular filtration (Rocha et al, 

2006). Renal function and glomerular filtration increases linearly with PMA, due to 

maturation of kidney functions (Rocha et al, 2006; McDougal et al, 1995) and this result 

in an increase in vancomycin clearance (Grimsley & Thompson, 1999) with lower 

vancomycin serum trough levels as a result.  Vancomycin clearance increased with 

PMA and was associated with a greater elimination rate constant and a shorter half life 

(McDougal et al, 1995). 
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Grimsley & Thompson (1999) also found that vancomycin clearance has a positive 

linear correlation with weight and PMA and an inverse relation to the serum creatinine. 

This study found a positive linear correlation (r=0.89; p=0.0013) between trough level 1 

and GA in the SV group. This would clinically imply an increase in renal function 

maturation and therefore a lower trough level 1.   

A negative linear correlation was found (r=-0.73; p=0.026) between trough level 1 and 

PNA in the SV group. Thus with an increase in PNA, trough level 1 decreases. This 

finding can be due to the increase in renal function maturation and therefore an 

increase in vancomycin clearance as PNA increases, therefore a lower trough level 1. 

This finding correlates with what was found in literature (Pacifici & Allegaert, 2012). 

No correlation was found between trough level 1 and either serum creatinine 

concentration or GFR in the current study. Literature has shown that vancomycin 

clearance is inversely related to serum creatinine level by Grimsley & Thompson (1999) 

 

5.4.3 Volume of distribution 

Due to vancomycin’s hydrophilic properties it distributes into total body water and 

extracellular fluid (Ulldemolins et al, 2011).  Premature infants have large extracellular 

fluid volume (80%) thus a large volume of distribution (Marques-Minana et al, 2010; De 

Hoog et al, 2004) resulting in lower than expected serum trough levels. McDougal et al 

found a positive linear correlation between the absolute Vd and the PCA (r=0.79; 

p<0.001), but no difference when Vd was standardized for weight.  No correlation with 
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weight at trial entry was found (r=0.09; p=0.59). This finding was supported by Grimsley 

& Thompson (1999) who also found that PMA and weight influenced the Vd with the 

weight having a more significant effect on the Vd than PMA. 
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5.5 Therapeutic ranges of trough level 1  

In AV group (n=10) no trough level 1 was below the minimum therapeutic serum 

concentration, three (30%) were within therapeutic range and seven (70%) were above 

the minimum toxic serum concentration. 

In SV group (n=9), two (22.2%) premature infants had trough level 1 below the minimum 

therapeutic serum concentration, four (44.4%) were within therapeutic range and three 

(33.3%) were above the minimum toxic serum concentration. 

  

5.5.1 Distribution of premature infants with a trough level 1 below minimum 

therapeutic serum concentration (<5µg/ml)   

Premature infants that had trough level 1 below the minimum therapeutic serum 

concentration were born at 26 and 23 weeks GA respectively. Their weight at trial entry 

was 1165g and 1830g respectively. The PMA at trial entry was 31 and 31.5 weeks 

respectively.  The PNA was 35 and 58 days respectively. Both premature infants 

received SV. No additional trough levels were taken for these premature infants and 

therapy was stopped as per physician’s discretion and per clinical signs. A possible 

explanation for this is the improved renal function due to the advanced PNA that may 

have required an adjustment in the dosing schedule. In a retrospective study done by 

De Hoog et al (2004), 17.6% of infants were found to have vancomycin serum trough 

levels 1 below therapeutic levels, irrespective of dosing schedule used. The study 
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offered no explanation for this finding. It can however only be assumed to be dosing 

schedule related. 
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5.5.2 Distribution of premature infants with a trough level 1 within 

therapeutic range (5-10µg/ml) 

The study will discuss these premature infants by means of two case studies. 

5.5.2.1. Case study 1 

Premature infant number 1 had a trough level 1(5µg/ml) within therapeutic range.  

Trough level 2 (9µg/ml) stayed within therapeutic range, but trough level 3 (16µg/ml) 

was measured above maximum therapeutic serum concentration (>10µg/ml).  This male 

43 days PNA premature infant was admitted into the study at PMA of 32.1 weeks and a 

weight at trial entry of 980g. The infant was intra-uterine growth retarded (IUGR) at birth 

and remained small for gestational age (SGA) at time of study entry. The infant received 

SV.  

A possible explanation for this phenomenon is the IUGR/ SGA (Fenton et al, 2003) 

status of the infant. Renal function in SGA infants has been shown to be immature (Aly 

et al, 2013) thereby increasing the vancomycin trough levels.  

5.5.2.2. Case study 2 

Premature infant number 2 had a trough level 1 (10µg/ml) that was on the border of the 

therapeutic range and decreased to border-line sub-therapeutic at trough level 2 

(5µg/ml) before becoming sub-therapeutic at trough level 3 (4µg/ml). The female 

premature infant was admitted to the trial at a PNA of 18 days and a PMA of 33.5 weeks 

and a trial entry weight of 1640g. The infant received SV. 
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A possible explanation for this finding is the relative maturity of this premature infant. 

She was on full feeds receiving additional protein and calorie supplementation which 

may have altered the serum protein levels (Van den Akker et al, 2007), thereby 

increasing the bound vancomycin level and decreasing the serum trough levels in time. 

The infant was also approaching the 35 week of vancomycin dosing schedule change (8 

hourly instead of 12 hourly) (Horn et al, 2007). Due to renal maturity, an increase in 

renal clearance and therefore a  decreased half-life may also have contributed to the 

decrease of vancomycin trough levels over time (McDougal et al, 1995). 

. 
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5.5.3 Distribution of premature infants with a trough level 1 above the 

minimum toxic serum concentration (>10µg/ml) 

The study will discuss these premature infants by means of two case studies 

5.5.3.1 Case study 3 

This male premature infant received a vancomycin dose of 17mg twelve hourly.  Trough 

level 1 (12 µg/ml) was above the minimum serum toxic concentration, trough level 2 (9 

µg/ml) and 3 (7 µg/ml) was within therapeutic range.  This premature infant was 

admitted to the study with a PNA of 3 days, GA of 33 weeks and his birth weight and 

weight at trial entry was 1160g and 1150g respectively. This premature infant received 

SV. 

Furthermore the premature infant’s albumin level was 23 g/l at trial entry which can also 

contribute to the high trough level 1 observed, because of more unbound vancomycin in 

the serum (Sun et al, 1993, Jackson et al, 1999) 

Due to the correlation found between trough level 1 and PNA in the SV group, one can 

say that with a decrease in PNA there will be an increase in trough level 1. This finding 

is attributed to the premature infant’s immature renal function associated with a small 

PNA (De Hoog et al, 2004). 
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5.5.3.2 Case Study 4 

This premature infant received 16.2mg vancomycin twelve hourly and had a trough level 

1 (19 µg/ml), trough level 2 (14 µg/ml) and 3 (16 µg/ml) above minimum toxic serum 

concentration. 

This male premature infant was admitted to the study with a PNA of 18 days, GA of 28 

weeks, and PMA of 30.5 weeks. His body birth weight and weight at trial entry was 940g 

and 1080g respectively. This premature infant received AV. The dose after trough level 

1 was omitted by the attending physician in order to avoid serious toxicity. 

Possible reasons for this phenomenon are that he had a serum albumin level of 19 g/l 

on trial entry. This may attribute to the high serum trough level concentrations found due 

to more unbound vancomycin (Sun et al, 1993, Jackson et al 1999). 

This premature infant just made the twelve hourly, instead of twenty four hourly dosing 

schedules (Horn et al, 2007) due to PMA of 30.5 weeks. This can also contribute to the 

high trough level 1 concentrations in this premature infant. 

Factors other than demographic (age, weight) and biological (s-Alb, S-creatinine 

concentration, and renal sufficiency) parameters that may influence vancomycin serum 

trough levels (discussed below) could not be excluded. 
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5.5.4 Factors that can influence vancomycin serum trough levels 

Factors that may contribute to vancomycin serum trough levels not being within the 

therapeutic range are: 

5.5.4.1 The timing of trough levels  

5.5.4.2 The presence of impurities e.g. vancomycin crystalline degradation 

product (CDP-1) 

5.5.4.3 The dosing schedule of vancomycin in premature infants 

5.5.4.4 Mode of vancomycin administration 

5.5.4.1 The timing of trough levels 

In this study, international sampling guidelines were followed by collecting the trough 

level thirty minutes prior to vancomycin dose administration (de Hoog et al, (2000); 

McDougal et al, 1995). 

Conflicting evidence exists in literature regarding the sampling time of vancomycin 

serum trough levels. De Hoog et al, (2004) and McDougal et al, (1995) suggests thirty 

minutes prior to the third dose (23h30min), while Rybak et al, (2009) suggests thirty 

minutes prior the fourth dose (35h30min). Time to reach steady state plasma 

concentrations equals five half lives. Vancomycin’s half life in premature infants is 

approximately six hours, and therefore will reach steady state within approximately thirty 

hours (Shargel et al, 2005). In order to prevent the ototoxicity and nephrotoxicity 

associated with vancomycin, it is preferable to measure vancomycin trough levels 
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before steady state is reached. This allows for dose adjustments to be made and 

prevent and limit adverse effects. 

5.5.4.2 The presence of impurities in vancomycin formulations 

Vancomycin breaks down to crystalline degradation product (CDP-1) and factor B 

(active ingredient) when exposed to heat over time (Somerville et al, 1999).  The United 

States Pharmacopoeia (USP) states that any generic formulation of vancomycin may 

not have less that 88% factor B and may not have more than 4% of CDP-1(Somerville 

et al, 1999).  The in vivo and in vitro studies showed that CDP-1 breakdown was 50% at 

sixteen hours in an environment of 20-25ºC. The average NICU temperature is 24-26ºC 

and vancomycin is infused over one hour. This may have an implication on the external 

breakdown of vancomycin prior to its infusion into the neonate. This implication also 

needs further research 

It can be speculated that Sandoz-Vancocin CP® may break down quicker than AV and 

therefore have more than the required 4% CDP-1 present. This finding may lead to 

lower vancomycin serum trough levels than anticipated.   

5.5.4.3 The dosing schedule of vancomycin in premature infants 

In this study a dose of 15mg/kg 12hourly was used for premature infants with a PMA of 

29-35 weeks (Horn et al, 2007) regardless of GA and PNA. 

Many studies have been performed using different dosing strategies of vancomycin in 

premature infants.  Koren & James, (1986) did a study where they divided the 

premature infants into two groups. Group 1 received vancomycin at a dose of 30mg/kg 
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twelve hourly (PNA=0-7days) and eight hourly (PNA>7days). Group 2 received 

vancomycin at 18mg/kg twelve hourly for premature infants with a PMA of 31-36 weeks 

and a body weight of 1200-2000g. They found that for Group 1, 39.6% of trough levels 

were within therapeutic range (60.4% were > 10µg/ml) compared with 75.5% (p=0.002) 

of those in group 2 (22% were > 10µg/ml).  This finding by Koren & James, 1987 

supports the findings in this current study where 36.8% of trough levels 1 were within 

therapeutic range and 57% were > 10µg/ml. Koren & James, 1987 attributed this finding 

to age-dependant maturation of renal function and proposed the dosing schedule on 

both body weight and PMA. 

To further illustrate the difficulties of optimum dosing of vancomycin in premature 

infants, it was also reported by Pacifici & Allegaert (2012) that when vancomycin is 

dosed at 15mg/kg twelve hourly that only 51% of premature infants attained trough 

levels within therapeutic range and that 33% of trough levels were below <5µg/ml. 

Grimsley & Thompson (2012), found that when vancomycin was dosed according to the 

premature infant’s serum creatinine concentration, 72% of first trough levels taken were 

within therapeutic range (5-12µg/ml) 
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5.5.4.4 Intermittent vs. continuous administration of vancomycin 

Vancomycin shows time-dependent killing properties and therefore to maintain the 

vancomycin serum trough concentrations above the given MIC of 2µg/ml, it has been 

suggested that vancomycin can be administered as a continuous infusion (Pacifici et al, 

2012; Rybak et al, 2009). In a study conducted by Pawlotsky et al (1998) they 

administered vancomycin to premature infants with a PMA of 28-51.5 weeks, a loading 

dose of 7mg/kg and followed by a continuous infusion of 10-40mg/kg/24hours according 

PMA. The mean serum trough levels at steady state were 15.4µg/ml.   

Limited literature exist comparing the intermitted vs. continuous infusion administration 

of vancomycin in a premature infant population therefore this method of administration 

was not used in this study. 
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5.6 Treatment outcomes 

It was found that all premature infants that were admitted to this study and that received 

AV was cured and discharged from the NICU’s as per clinical outcomes and physician’s 

discretion. Despite that vancomycin treatment was initiated for suspected MRSA 

infection no premature infant presented with a positive blood culture.  Thus treatment 

was initiated  as per clinical findings and not microbiological confirmation. 

All premature infants that were admitted to the SV group was cured and discharged 

from the NICU’s as per clinical outcomes and the physician’s discretion.  Despite that 

vancomycin treatment was initiated for suspected MRSA infection, no positive blood 

culture was collected.  

The median (range) LOS for the premature infants in AV was 39.5 (26-167) days. The 

LOS of the premature infants that received SV was 70 (13-122) days. The increased 

LOS for the SV group cannot only be attributed to the choice of vancomycin formulation. 

Other factors such as severity of prematurity, respiratory distress syndrome (RDS), 

surgical complications and the presence of a patent ductus ateriosus (PDA) can also 

contribute to the LOS of the premature infants. 

Biological infection markers were used as guide to initiate and to stop vancomycin 

therapy. C-reactive protein (CRP) and procalcitonin (PCT) were both used to evaluate 

the severity of the presumed infection, though literature suggests that a PCT value is 

more accurate for LOS in the premature infant (Chiesa et al, (2011); Nabulsi et al, 

(2012); Vazzalwar et al, (2005). 
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Therapy was discontinued after a negative blood culture and two negative CRP-values 

(Pacifici & Allegaert, (2012). 
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5.7 Were the study objectives achieved? 

Yes the study objectives were achieved. Firstly it was found that there was no statistical 

significant difference between the trough levels 1 of each premature infant in the Aspen-

Vancomycin CP® and those in the Sandoz-Vancocin® group. Despite this finding the 

Sandoz-Vancocin® group had a lower trough level 1 when compared to the Aspen-

Vancomycin CP® group. Thirty six percent of the premature infants in the Aspen-

Vancomycin CP® group had trough level 1 above the minimum toxic concentration 

(>10µg/ml) when compared to the fifteen percent of premature infants of Sandoz-

Vancocin®. 

Secondly it was found that there exists no correlation between the demographic and 

biological parameters and trough level 1 in the AV group. A correlations was found in 

the SV group between trough level 1 and BBW, GA, PMA and PNA. 

Thirdly, it was found that both vancomycin formulations had the same treatment 

outcomes – no therapeutic failure was observed in any premature infant. 
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5.8 Study limitations 

This study was conducted as a randomised prospective study where data collection was 

done according to study protocol and dose scheduling adjustments were done by the 

attending physician, according to the first vancomycin serum trough level.  Therefore 

trough level 2 and 3 were not strictly collected thirty minutes before the sixth and ninth 

dose.   

A major limitation was that the sample size was too small, despite that the statistical 

analysis determined nine premature infants per study arm.  

Vancomycin peak serum concentrations and steady state serum trough concentration 

could not be collected due to NICU protocol (limited blood collection protocol) thus this 

study had not enough data points to determine the pharmacokinetic parameters of 

vancomycin in the premature infant population. 

The concurrent treatment with meropenem made it difficult to determine the 

independent efficacy of vancomycin on treatment outcomes. 

High-performance liquid chromatography (HPLC) was not performed to determine the 

composition of vancomycin crystalline degradation products in the AV and SV group, 

therefore its effect on vancomycin serum trough levels could not be confirmed. 

Vancomycin was not administered as a continues infusion in this study due to limited 

literature available that tested this method in premature infants. 
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6.1 Conclusion 

The main objective of this prospective, double blinded and randomised study was to 

compare the trough levels of Aspen-Vancomycin® and Sandoz Vancocin CP® in a  

premature infant population  

Demographic and biological parameters were assessed and no statistical significant 

difference was found between the two study populations. 

No statistical significant difference were found between trough level 1 in both study 

groups, but the Sandoz Vancocin CP® group had a trend towards lower vancomycin 

serum  trough level 1 concentrations.  

When trough level 1 was compared with demographic and biological parameters it was 

found that the Aspen-Vancomycin® group showed no correlation with any of the 

parameters, this may have been due to outlying trough level 1 values.  In the Sandoz 

Chapter 6 Conclusion and 

Recommendations 
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Vancocin CP® group correlations were found between trough level 1 and GA, PMA, 

PNA. 

It was found that a premature infant’s renal function drives vancomycin trough level 

concentrations and that age or weight are the most relevant determinants  of 

vancomycin clearance. 

 

This study suggests that vancomycin trough levels should be collected 30min prior to 

the third dose to limit toxic serum trough levels and to ensure optimum efficacy. 

This study suggests that Sandoz Vancocin CP® should be used when treating 

premature infants for a suspected MRSA infection.  Sandoz Vancocin CP® offered 

lower vancomycin serum trough levels which ensure a lower risk of toxicity. 
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6.2 Recommendations 

Vancomycin serum peak and steady state trough levels need to be collected in order to 

determine and compare the pharmacokinetic parameters in each study group in a 

premature infant population.  

Therapeutic drug monitoring needs to be applied per individual premature infant in order 

to optimise vancomycin dose adjustments and limit toxicity. 

Studies need to be conducted where a bigger sample size is collected. 

Further studies need to be performed to determine the concentration of CDP-1 by 

means of HPLC method in both Aspen Vancomycin ® and Sandoz-Vancocin CP® and 

its effect on a premature infant population. 

More randomised studies should be performed to determine the efficacy and toxicity of 

continuous and intermitted vancomycin administration in a  premature infant population. 

 

 

. 

 

 

 

 



93 

 

References  

Aly, H., Davies, J., El-Dib, M., Massaro, A. 2013. Renal function is impaired in small for 

gestational age premature infants. Journal of Maternal and Fetal Neonatal Medicine. 26 

(4), p.388-391. 

Anderson, B.J., Allegaert, K., van den Anker, J.N., Cossey V., Holford, N.H.G. 2006. 

Vancomycin pharmacokinetics in preterm neonates and the prediction of adult 

clearance. British Journal of Clinical Pharmacology. 63 (1), p.75-84. 

Asbury, W.H., Darsey, E.H., Rose, W.B., Murphy, J.E., Buffington, D.E., Capers, C.C. 

1993. Vancomycin pharmacokinetics in neonates and infants: a retrospective 

evaluation. The Annals of Pharmacotherapy. 27 (4), p. 490-496. 

Auriti, C., Fiscarelli, E., Ronchetti, M.P., Argentieri, M., Marrocco, G., Quondamcarlo, A., 

Seganti, G., Bagnoli, F., Bunocore, G., Serra, G., Bacolla, G., Mastropasqua, S., Mari, 

A., Corchia, C., Prencipe, G., Piersigilli, F., Rava, L., Di Ciommo, V. 2012. Procalcitonin 

in detecting neonatal nosocomial sepsis. Archives of Disease Children Fetal and 

Neonatal Edition. (97), F368-F370. 

Bauer, L. 2008. Applied Clinical Pharmacokinetics. 2nd Ed. United States of America 

McGraw Hill.  

Beers, M., 2006. The Merck Manual of Diagnosis and Therapy. 16th Ed. New York: 

Merck Research Laboratories. 

 

 

 

 



94 

 

Behrman, R., Kliegman, R.M., Jeson. H.B. (ed.), 2000. Nelson Textbook of Pediatrics. 

In: Clinical Syndromes. 16th Ed. Philadelphia, Pennsylvania: WB Sanders Company. A 

Division of Harcorts, p.545-551. 

Brion, L.P.,  Fleischman, A.R.,  McCarton, C., Schwartz, G.J. 1986. A simple estimate of 

glomerular filtration rate in low birth weight infants during the first year of life: 

Noninvasive assessment of body composition and growth. The Journal of Pediatric. 109 

(4), p.698-707. 

Chiesa, C., Natale, F., Pascone, R., Osborn, J.F., Pacifico, L., Bonci, E., De Curtis, M. 

2011. C-reactive protein and procalcitonin: Reference intervals for preterm and term 

newborns during the early neonatal period. Clinica Chimica Acta. (412), p.1053-1059. 

Cooke, R.W.I., Nycyk, J.A., Okuonghuae, H., Shah, V., Damjanovic, V., Hart, C.A. 

1997. Low-dose vancomycin prophylaxis reduces coagulase - negative staphylococcal 

bacteraemia in very low birth weight infants. Journal of Hospital Infections. (37), p.297-

303. 

De Cock, R.F.W., Allegaert, K., Schreuder,. M.F., Sherwin, M.T., de Hoog, M., van den 

Anker, J.N., Danhof, M., Knibbe,. C.A.J. 2012. Maturation of the Glomerular Filtration 

Rate in Neonates, as Reflected by Amikacin Clearance. Clinical Pharmacokinetics. 51 

(2), p.105-117. 

De Hoog, M., Mouton, J.W., van den Anker, J.N. 2004. Vancomycin: Pharmcokinetics 

and Administration Regimens in Neonates. Clinical Pharmcokinetics. 43 (7), p.417-440. 

 

 

 

 



95 

 

De Hoog, M. Schoemaker, R.C., Mouton, J.W., van den Anker J.N. 2000. Vacnomycin 

population pharmacokinetics in neonates. Clinical Pharmacology and Therapeutics. 67 

(4), p.360-367. 

Downey, L.C., Smith, P.B., Benjamin, D.K. 2010. Risk factors and prevention of late-

onset sepsis in premature infants. Early Human Development. 86, p.S7-S12. 

Engle, W., 2004. Age Terminology During the Perinatal Period. Pediatrics. 114 (5), 

p.1362-1364. 

Fenton, T.R., Kim, J.H. 2013. A systematic review and meta-analysis to revise the 

Fenton growth chart for preterm infants. BMC Pediatrics. 13 (59), p. 1-13. 

Ghazal, P., Dickinson, P., Smith, C.L. 2013. Early life response to infection. Current 

Opinion Infectious Diseases. 26 (3), p.213-218. 

Gibbon, C., (ed.), 2005. South African Medicines Formulary. In: Cape Town: Health and 

Medical Publishing Group of the South African Medical Association. p.279-280. 

Gould, I., 2008. Clinical relevance of increasing glycopeptide MICs against 

Staphylococcus aureas. International Journal of Antimicrobial Agents. Volume 31, p.1-9. 

Grimsley, C., Thomson,. A.H. 1999. Pharmacokinetics and dose requirements of 

vancomycin in neonates. Archive of Disease Child Fetal Neonatalogy Edition: (81), 

p.F221-F227. 

Hardman, L.G., Lee, L.E., Gilman, A.G. 2001. Goodman and Gilman's The 

Pharmacological Basis of Therapeutics. 10th Ed. New York: McGraw-Hill Inc. 

 

 

 

 



96 

 

Hornik, C.P., Benjamin, D.K., Becker, K.C., Benjamin Jnr., D.K., Li, J., Clark, R.H., 

Cohen-Wolkowiez, M., Smith, P.B. 2012. Use of complete blood cell count in late-onset 

neonatal sepsis. The Pediatric Infectious Disease Journal, 31 (8), p.803-807. 

Horn, A.R. 2007. Neonatal Drug Doses and Normal Values. 2nd Ed. Groote Schuur  

Howden, B.P., Davies, J.K., Johnson, P.D., Stinear, T.P., Grayson, M.L. 2010. Reduced 

vancomycin susceptibility in Staphylococcus aureus, including vancomycin-intermediate 

and heterogeneous vancomycin-intermediate strains: resistance mechanisms, 

laboratory detection, and clinical implications. Clinical Microbiology Reviews, 23(1), p. 

99-139. 

Jackson, M.A., Abdel-Rahman, S.M., Kearns, G.L. 1999. Pharmacology of Antibiotics in 

the Neonate. Seminars in Pediatric Infectious Diseases, 10(2), p. 91-96. 

James, A., Koren, G., Milliken, J., Soldin, S., Prober, C. 1987. Vancomycin 

Pharmacokinetics and Dose Recommendations for Preterm Infants. Antimicrobial 

Agents and Chemotherapy. 31 (1), p.52-54. 

Jeena, P.M., Adhikari, M., Carlin, J.B., Qazi, S., Webber, M.W., Hamer, D.H. 2008. 

Clinical profile and predictors of severe illness in young South African infans (<60days). 

South African Medical Journal. 98 (11), p.883-888. 

Kayange, N., Kumugisha, E., Mwizamholya, D.L., Jeremiah, S., Mshana, S.E. 2010. 

Predictors of positive blood culture and deaths amoung neonates with suspected 

neonatal sepsis in a tertiary hospital, Mwanza-Tanzania. BMC Pediatrics. 10 (39), p. 1-

9. 

 

 

 

 



97 

 

Kermorvant-Duchemin, E., Laborie, S., Rabilloud, M., Lapillonne, A., Claris, O. 2008. 

Outcome and prognostic factors in neonates with septic shock. Pediatric Critical Care 

Medicine. 9 (2), p.186-191.  

Koren, G., James, A. 1987. Vancomycin dosing in preterm infants: Prospective 

verification of new recommendations. The Journal of Pediatrics. 110 (5), p.797-798. 

Lawn, J.E., Cousens, S., Zupan, J. 2005. 4 million Neonatal deaths: When? Where? 

Why? Lancet. 365 (9462), p.891-900. 

Lowman, W., Steward, R., Aithma, N., Mjindi, Loakes, J. 2011. A comparitive in vitro 

microbiological evaluation of generic meropenem compounds against the innovator 

compound. South African Journal of Epidemiology and Infection. 26 (2), p.73-77. 

Lutsar, I., Metsvaht, T. 2010. Understanding pharmacokinetics/pharmacodynamics in 

managing neonatal sepsis. Current Opinion in Infectious Diseases. (23), p.201-207. 

Mahbuba Meem, J.K., Modak, R.M., Mahboob Morshed, M.S.I., Saha. S.K. 2011. 

Biomarkers for diagnosis of neonatal infections: A systematic analysis of their potential 

as a point-of-care diagnostics. Journal of Global Health, 1(2), p.201-209. 

Machado, J. 2007. Vancomycin pharmacokinetics in preterm infants. Clinics. 62 (4), p. 

405-410. 

Maraqa, N.F., Aigbivbalu, L., Masnita-Iusan, C., Wludyka, P., Shareef, Z., Baily, C., 

Rathore, M.H. 2011. Prevalence of and risk factors for methicillin-resistant 

 

 

 

 



98 

 

Staphylococcus aureus colonization and infection among infants at a level III neonatal 

intensive care unit. American Journal of Infection Control. (39), p.35-41. 

Marqués-Minana, M.R., Saadeddin, A., Peris, J.E. 2010. Population pharmacokinetic 

analysis of vancomycin in neonates. A new proposal of initial dosage guidelines. British 

Journal of Clinical Pharmacology. 70 (5), p.713-720. 

Marsot, A., Boulamery, A., Burguerolle, B., Simon, N. 2012. Vancomycin: a Review of 

Population Pharmacokinetic Analyses. Clinical Pharmaokinetics. 51 (1), p.1-13. 

McDougal, A., Ling, E.W., Levin, M. 1995. Vancomycin Pharmacokinetics and Dosing in 

Premature Neonates. Therapeutic Drug Monitoring. 14 (4), p.319-326. 

Nabulsi, M., Hani, A., Karam, M. 2012. Impact of C-reactive protein test results on 

evidence-based decision-making in cases of bacterial infection. BMC Pediatrics. 12 

(140), p. 1-13. 

Nambiar, S., Madurawe, R.D., Zuk, S.M., Khan, S.R., Ellison, C.D., Faustino, P.J., 

Mans, D.J., Trehy, M.L., Hadwiger, M.E., Boyne, M.T., Biswas, K., Cox, E.M. 2012. 

Product quality of parenteral vancomycin products in the United States. Antimicrobial 

Agents and Chemotherapy. 56 (6), p.2819-2823. 

Noya, F., 1998. Antibiotic Usage in Neonates. Seminars in Pediatric Infectious 

Diseases. 9 (4), p.322-329. 

Pacifici, G.M., Allegaert, K. 2012. Clinical pharmacokinetics of vancomycin in the 

neonate: A review. CLINIC. 67 (7), p.831-837. 

 

 

 

 



99 

 

Pawlotsky, F., Thomas, A., Kerqueris, M.F., Debillon, T., Rose, J.C. 1998. Constant rate 

infusion of vancomycin in premature neonates: a new dosage schedule. British Journal 

of Clinical Pharmacology, (46), p. 163-167. 

Pritchard, L., Baker, C., Leggett, J., Sehdev, P., Brown, A., Bruce, B. 2010. Increasing 

Vancomycin Serum Trough Concentrations and Incidence of Nephrotoxicity. The 

American Journal of Medicine. 123 (12), p.1143-1149. 

Qazi, S.A., Stoll, B.J. 2009. Neonatal Sepsis: A Major Global Public Health Challenge. 

The Pediatric Infectious Disease Journal. 28 (1), p.S1-S2. 

Rana, D., Abughali, N., Kumar, D., Super, D.M., Jacobs, M.R., Kumar, M.L. 2012. 

Staphylococcus aureus, including community-acquired methicillin-resistant S. aureus in 

a level III NICU: 2001-2008. American Journal of Perinatology. (29) 6, p.401-408. 

Reed, M.D., Kliegman, R.M., Weiner, J.S., Huang, M., Yamashita, T.S., Blumer, J.L. 

1987. The Clinical Pharmacology of Vancomycin in Seriously Ill Preterm Infants. 

International Pediatric Research. 22 (3), p.360-363. 

Rocha, M.J., Almeida, A.M., Falcao, A.C. 2006. Vancomycin kinetic profile in very low 

birth weight newborns. The European Journal of Hospital Pharmacy Science. 12 (2), 

p.29-31. 

Rodvold, K.A., Gentry, C.A., Plank, G.S., Kraus, D.M., Nickel, E., Gross, J.R. 1995. 

Bayesian Forecasting of Serum Vancomycin Concentrations in Neonates and Infants. 

Therapeutics Drug Monitoring. (17), p.239-246. 

 

 

 

 



100 

 

Rybak, M.J., Lomaestro, B.M., Rotschafer, J.C., Moellering Jnr, R.C., Craig, W.A., 

Billeter, M., Dalovisio, J.R., Levine, D.P. 2009. Therapeutic monitoring of vancomycin in 

adult patients: A consensus review of the American Society of Health-System 

Pharmacists, the Infectious Diseases Society of America, and the Society of Infectious 

Diseases Pharmacists. American Journal of Health-System Pharmacists. (66), p.82-98. 

Satar, M. & Ozlu, F. 2012. Neonatal Sepsis: a Continuing Disease Burden. The Turkish 

Journal of Pediatrics. (54), p.449-457. 

Schreuder, M.F., Wilhelm, A.J., Bokenkamp, A., Timmermans, S.M.H., Delemarre-van 

de Waal, H.A., van Wijk, J. 2009. Impact of gestational age and birth weight on 

amikacin clearance on Day 1 of life. Clinical Journal of the American Society of 

Nephrology. (4), p.1774-1778. 

Shargel, L., Andrew, B.C., Wu-Pong, S. L. 2005. Applied biopharmaceutics and 

pharmacokinetics. 5th Ed. United States of America: McGraw-Hill. 

Sherman, M. 2010. Long-term epidemiology of neonatal sepsis: benefits and concerns. 

Neonatology, (97), p.29-30. 

Snyman, J.R., Schoeman, H.S., Grobusch, M.P., Henning, M., Rabie, W., Hira, M,. 

Parshotam, K., Mittal, Y., Singh, S., Ramdas, Z. 2009. Generic versus Non-Generic 

Formulation of Extended-Release Clarithromycin in Patients with Community-Acquired 

Respiratory Tract Infections. Clinical Drug Investigation. 29 (4), p.265-274. 

Soltau, T.D., Schelonka, R.L., 2008. Immune modification to prevent nosocomial sepsis 

in hospitalised newborns. NeoReviews. 9 (5), p.e199-e205. 

 

 

 

 



101 

 

Somerville, A., Wright, D. & Rotschfer, J. 1999. Implications of Vancomycin Degradation 

Products on Therapeutic Drug Monitoring in Patients with End-Stage Renal Disease. 

Pharmacotherapy. 19 (6), p.702-707. 

Stoll, B.J., Hansen, N.I., Adams-Chapman, I., Fanaroff, A.A., Hintz, S.R., Vohr, B., 

Higgins, R.D. 2004. Neurodevelopmental and growth impairment among extremely low-

birth-weight infants with neonatal infection. JAMA. 292 (19), p. 2357-2365. 

Sun, H.E., Maderaza, E.C., Krussel, A.R. 1993. Serum Protein Binding Characteristics 

of Vancomycin. Antimicrobial Agents and Chemotherapy., 77 (5), p.1132-1136. 

Tattevin, P., Saleh-Mghir, A., Davido, B., Ghout, I., Massias, L., Garcia de la Maria, C., 

Miro, J.M., Perronne, C., Laurent, F., Cremieux, A.C. 2013. Comparison of six generic 

vancomycin products for treatment of Methicillin-Resistant Staphylococcus aureus 

experimental endocarditis in rabbits. Antimicrobial Agents and Chemotherapy. 57 (3), 

p.1157-1162. 

Thaver, D., Zaidi., A.K.M. 2009. Burden of Neonatal Infections in Developing Countries. 

The Pediatric Infectious Disease Journal. 28 (1), p.S3-S9. 

Thayyil, S., Sheik, S., Kempley, S.T., Sinha, A. 2008. A gestation- and postnatal age-

based reference chart for assessing renal function in extremely premature infants. 

Journal of Perinatology. (28), p.226-229. 

Ulldemolins, M., Roberts. J.A., Lipman, J., Rello, J. 2011. Antibiotic Dosing in Multiple 

Organ Dysfunction Syndrome. Chest. 139 (5), p.1210-1220. 

 

 

 

 



102 

 

Van den Akker, Te Braake, F.W.J., Schierbeek, H., Rietveld, T., Wattimena, J.L., Bunt, 

J.E., van Goudoever, J.B. 2007. Albumin synthesis in premature neonates is stimulated 

by parenterally administered amino acids during the first days of life. The American 

Journal of Clinical Nutrition, (86), p. 1003-1008. 

Vandecasteele, S.J., de Vries, A.S., Tacconelli, E. 2013. The pharmacokinetics and 

pharmacodynamics of vancomycin in clinical practice: evidence and uncertainties. 

Journal of Antimicrobial Chemotherapy, 68 (4), p.1-6. 

Vazzalwar, R., Pina-Rodrigues, E., Puppala, B.L., Angst, D.B., Schweig, L. 2005. 

Procalcitonin as a screening test for late-onset sepsis in preterm very low birth weight 

infans. Journal of Perinatology. (25), p.397-402. 

Vesga, O., Agudelo, M., Salazar, B.E., Rodriguez, C.A., Zuluaga, A.F. 2010. Generic 

vancomycin products fail in vivo despite being pharmaceutical equivalents of the 

innovater. Antimicrobial Agents Chemotherapy. 54 (8), p.3271-3279. 

Vollmerhaus, P., Breukink, E. & Heck, A. 2003. Getting Close to the Real Bacterial Cell 

Wall Target: Biomolecular Interactions of Water-Soluble Lipid II with Glycopeptide 

Antibiotics. Chemical European Journal. 9 (7), p.1556-1565. 

WHO. 2011. Neonatal sepsis - a major killer to be tackled in communities. Available 

from: http://www.who.int/maternal_child_adolescent/news_events/news/2009/19_01/en/ 

[Accessed: 28/11/2012]. 

 

 

 

 

http://www.who.int/maternal_child_adolescent/news_events/news/2009/19_01/en/


103 

 

Zaidi, A.K.M., Thaver, D., Ali, S.A., Khan, T. 2009. Pathogens associated with sepsis in 

newborns and young infants in developing countries. The Pediatric Infectious Disease 

Journal. (28), p.S10-S18. 

Zaidi, A.K.M., Huskins, W.C., Thaver, D., Bhutta, Z., Abbas, Z., Goldman, D.A. 2005. 

Hospital-acquired neonatal infections in developing countries. Lancet. 365 (9465) 

p.1175-1188. 

 

 

 

 

 


	Title page
	Keywords
	Abstract
	Acknowledgements
	Content
	Chapter 1: Introduction
	Chapter 2: Literature review
	Chapter 3: Research design and methodology
	Chapter 4: Results
	Chapter 5: Discussion
	Chapter 6: Conclusion and Recommendations
	Bibliography

