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1. Introduction

Abstract

Introduction: Infection contributes significantly to morbidity and mortality in
children on haemodialysis (HD). It is second to only cardiovascular disorders
as a cause of death among this cohort of patients. Majority of these infection
related deaths are due to septicaemia. A regular review of septicaemia in
children undergoing long term HD is a very crucial step in targeting a reduc-
tion in mortality. Aim and Objectives: This study aimed to review the pattern
of septicaemia among our patients on chronic HD and to determine the bacte-
riological profile and antimicrobial sensitivity patterns of the infections. Me-
thodology: This was a retrospective descriptive study over a 5-year period.
The study population comprised of all patients with symptomatic septicaemia,
undergoing chronic HD, at the Division of Paediatric Nephrology of the
Charlotte Maxeke Johannesburg Academic Hospital, South Africa. Results: A
total of 129 patients were enrolled into our chronic HD program over the
5-year study period. 79/129 was on HD for at least 6 months. Septicaemia was
diagnosed on clinical grounds in 50/79 patients (63%). There were 66 epi-
sodes of infections overall. Blood cultures results were available for 60 of
these episodes of clinical septicaemia. 35/60 blood culture results were posi-
tive for organisms and 25/60 were negative (sterile). Coagulase negative sta-
phylococcus (CNS) was the commonest bacteria isolated (10/35) and all CNS
were susceptible to cloxacillin. Conclusion: The high rates of bacteraemic
sepsis are of concern in our cohort of patients. Poor sterile technique, low
nurse: patient ratios and long periods of time on HD are all possible contri-
buting factors in our setting. Cost effective antimicrobials like cloxacillin
should still be used as first line drugs in centres where their sensitivity pattern
against causative organisms is still high.
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Infection is a major challenge among children undergoing haemodialysis secondary to end stage renal disease

(ESRD) [1, 2]. Children with chronic kidney disease (CKD) are more prone to infections than the general popula-
tion [2]. This is because of uremia, malnutrition, reduced responsiveness to vaccinations and impaired function of
the cells of the immune system [3, 4]. Infection is the second cause of death, after cardiovascular disorders, among
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patients with ESRD [5, 6]. Septicaemia is mainly the primary cause of death whenever these cohorts of patients get
infected, and it is also a leading cause of morbidity and mortality in children worldwide [5, 7].

Any pathogenic organism can cause septicaemia, but bacteria remain the leading causative organism. Viruses and
fungi are uncommon causes.

Chronic haemodialysis, though a sure way of getting the uremic state under control, has increased the risk for
septicaemia in patients with ESRD. Vascular access devices (VAD), the procedure of inserting them, and the HD
proper, put recipients at extra risk of getting an infectious organism into the blood stream [8, 9]. Other sources of
septicaemia in these patients include contamination of the dialysis fluid/equipment, inadequate dialyzer reprocess-
ing procedures/re-use, and inadequate treatment of the dialysis water system [10]. Variables that can affect the pre-
valence of septicaemia in chronic HD patients include: the primary cause of CKD, treatment with immunosuppres-
sive medications, co-morbidities and frequent exposure to healthcare facilities and personnel [4, 11].

Septicaemia is a clinical syndrome resulting from a dysregulated systemic inflammatory response to blood
stream infection [12]. Presenting features vary with the age of the child, being widely unspecific in neonates and
infants. In older children, it includes fever, malaise, lethargy, vomiting, poor appetite, tachycardia, respiratory dis-
tress, and lethargy [13]. Fever is the most common symptom in children [14]. Blood culture has remained the gold
standard in making the diagnosis of septicaemia and establishing antibiotic sensitivity for isolated organisms [15].
Unfortunately, such results are not readily available in most developing countries. Patients with septicaemia need
prompt commencement of effective empirical antimicrobials before the culture result is out. Therefore, the know-
ledge of the epidemiological and antimicrobial sensitivity pattern of common pathogens in our environment cannot
be over-emphasized.

This study is therefore a retrospective review of the pattern of septicaemia in our cohort of patients who are on
chronic HD. It is also set to determine the incidence of septicaemia, identify the causative organisms and their an-
timicrobial sensitivity patterns.

2. Methodology

This was a retrospective descriptive study over a 5-year period, January 2010 to December 2014. It was carried
out at the Paediatric Nephrology Division of Charlotte Maxeke Johannesburg Academic Hospital, South Africa.
This renal unit provides a comprehensive tertiary and quaternary paediatric nephrology services primarily to child-
ren referred from Gauteng and its surrounding. On average, it dialyses 30 patients evenly split between haemodia-
lysis and peritoneal dialysis. It runs 2 dialysis clinics per week, in addition to general nephrology and transplant
clinics.

The division basically caters for children (0-18 years). The transition of older teenagers to the adult nephrology
unit is a regular practice. However, there are certain young adults who would have been transferred to the adult
nephrology unit, but they were not accepted by the adult renal team. This was because they could not meet up with
the “transplant criteria’. Such patients are still being managed by the paediatric renal unit.

The details of all patients cared for by the Division are recorded in hard copy patient files which are kept in a se-
cure filing room, located inside the division. The medical records of all patients enrolled for long term (chronic)
HD between January 2010 and December 2014 were retrieved from the file data. Chronic HD was defined as at
least 6 months of consistent dialysis without default. Finally, the files of patients on chronic HD clinically diag-
nosed with septicaemia were selected and relevant information retrieved. Septicaemia was defined as symptoms
and signs in keeping with systemic inflammatory response to infection. This was confirmed with a positive blood
culture.” Patients had their blood collected for culture at each episode of infection, before commencing empirical
antibiotics. Their permanent HD catheter tip swabs were also sent for culture (where feasible). The isolated organ-
isms and their antimicrobial sensitivity patterns were documented.

The data was analysed using SPSS (Statistical Package for the Social Sciences) software, version 22.0 [16]. Fre-
quency tables were generated for all major variables of interest.

3. Results

One hundred and twenty-nine (129) patients with ESRD were enrolled into our chronic HD program over the 5
years study period. Only 79/129 of these were on at least 6 months of consecutive HD without defaulting. Septi-
caemia was diagnosed on clinical grounds in 50/79 patients (63%). There were 66 episodes of infections overall
Septicaemia. Blood cultures results were available for 60 of these episodes of clinical septicaemia. 35/60 blood
culture results were positive for organisms and 25/60 were negative (sterile). Six (6) culture results were missing
and could not be retrieved (Table 1). The rate of bacterial isolation from blood culture in this study was 53.0%.

DOI: 10.26855/ijcemr.2023.07.003 317 International Journal of Clinical and Experimental Medicine Research



Nneka Chioma Okoronkwo, Cecil Levy

Septicaemia was confirmed only in fourteen (14) patients who had 35 positive blood cultures.

Out of the 14 patients with confirmed septicaemia, there were 10 males, with a M:F ratio of 2.5:1. Their age
range was 8-28 years with a mean age of 15.9 + 5.3years. Their duration of haemodialysis period was 9-60 months
with a median duration of 52 months (IQR = 18-54). A total of 6600 dialysis days were reported from these patients.
Their 35 episodes of infection gave a rate of 5.3 episodes per 1000 days of dialysis. Fever (100%) and vomiting
(64.3%) were the commonest symptoms. There were 33/35 (94.3%) bacteria and 2/35 (5.7%) fungal isolates (Table
2). Gram positive bacteria were 20/33 (57.1%), while 8/33 (42.9%) were gram negatives. Virology studies were not
done. Coagulase negative Staphylococcus (CNS) was the commonest (10/35) isolated bacteria, followed by Baciil-
lus specie (6/35) and Staphylococcus aureus (4/35) as shown on Table 2. Cloxacillin (16/100), vancomycin
(13/100), and amikacin (13/100) were the most sensitive antimicrobial agents respectively (Table 3). Vascular
access device (permanent HD catheter) was implicated as the cause of 9.1% and 17.1% of the suspected and con-
firmed infections respectively. This is because 6 different catheter tip swab specimens collected at the same time
with the blood for culture yielded the same organisms as the ones isolated from the blood. The later were all CNS.

Table 1. Result of the 66 blood cultures among different age groups

Culture Results 0-5 years 6-12 years 13-19years >20 Total
Positive cultures 6(40.0%) 13(54.2%) 15(60.0%) 1(50.0%) 35(53.0%)
Negative cultures 7(46.7%) 8(33.3%) 10(40.0%) 0(0.0%) 25(37.9%)
No results 2(13.3%) 3(12.5%) 0(0.0%) 1(50.0%) 6(9.1%)
Total 15(100.0%0) 24(100.0%6) 25(100.0%6) 2(100.0%b) 66(100.0%)

Table 2. Distribution of blood culture isolates among the different age groups

Age  Group (years)

Bacteria 05 6-12 13-19 >20 Total(%)

CNS - 4 6 - 10(28.6)
Staph aureus - 1 2 1 4(11.4)
Bacillus spp 1 2 3 - 6(17.1)
Klebsiella pneumonia 1 1 1 - 3(8.5)
Serratia marc 1 - - - 1(2.9)
Micrococcus 1 1 1 - 3(8.5)
Delfiaacidov 1 - - - 1(2.9)
Enterococcus - 1 1 - 2(5.7)
Empedo brevis - 1 - - 1(2.9)
Proteus mirabilis 1 - - - 1(2.9)
Streptococcus pyogenes 1 - - - 1(2.9)
Can albicans - - - 2(5.7)

Total isolates 6 13 15 1 35(100.0)

Staph = staphylococcus, Marc = marcescens, Acidov = acidovorans, Empedo = empedobacter, Can= candida

Table 3. The antimicrobial sensitivity patterns of the common bacteria isolates

Antibiotics (rC]::l\ig) BaCI|(|rL]Ji63)peCIe Staphylo(cr?:cz;m aureus KlebS|eII(ar\]Bg)eumon|a Total Antibiotics
Clox 10(100.0) 1(16.7) 4(100.0) 1(33.3) 16
Amik 6(60.0) 3(50.0) 2(50.0) 2(66.7) 13
Vanco 8(80.0) 2(33.3) 2(50.0) 1(33.3) 13
Gent 5(50.0) 3(50.0) 2(50.0) 2(66.7) 12
Cefta 2(20.0) 4(66.7) 2(50.0) 2(66.7) 10
Erta 3(30.0) 4(66.7) 0(0.0) 2(100.0) 9

Coamo 5(50.0) 1(16.7) 2(50.0) 0(0.0) 8
Ampi 4(40.0) 2(33.3) 1(25.0) 0(0.0) 7
Ceftr 1(10.0) 3(50.0) 0(0.0) 3(100.0) 7

Pen 1(10.0) 1(16.6) 1(25.0) 2(0.0) 5

Clox=cloxacillin, vanco=vancomycin, cefta=ceftazidime, Erta=ertapenem, Ceftr=ceftriaxone, Gent=genticin, Amik=amikacin, Coamo=co-amoxiclav,
Ampi=ampicillin, Pen=penicillin.
**Values are expressed as number (percentage).
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4. Discussion

The incidence rate for septicaemia in this study was 5.3 episodes per 1000 days of dialysis. This is comparable to
the 5.7 found at Hawaii [17]. However, the infection rates at Canada (0.6) and France (0.93) are far below our own
observation [18, 19]. The rate of septicemia among HD patients at Minnesota and Denmark were 7.0 and 13.7 per
100 patient years respectively [20, 21].In a recent study by Locham et al, there was an incidence of 12.66 episodes
of infection per 100 person years, for all patients in the USA with ESRD initiating HD between 2006 and 2014
[22].

The discrepancies in the rates of infection could be attributed to the differences in study design sample size,
study population, ethnicity, and the various definitions for ‘chronic or long-term’ dialysis. For instance, 3 months
duration was used to define long term dialysis in the study from Hawaii [17]. The infections observed in our study
included both hospitalized and out-patients, while some of the afore-mentioned studies were observed on only hos-
pitalized patients. It could also reflect the differences in levels of infection control between the different study cen-
tres. Again, the previous studies were done in the adult population [17-19].

Despite the differences in the design of the studies, the infection rates are significant. This underscores the need
for more aggressive preventive measures to tackle the problem of infection in HD patients.

Again, there is paucity of research articles in the literature on this subject for the paediatric population. There is a
need for similar studies to be done in other paediatric dialysis centres, especially in Africa. The importance of a
multi-centre collaborative study on this subject cannot be over-emphasized.

The Infections associated with VAD in this study were 17.1%. This is comparable to the 20.5% and 21% docu-
mented in the Hawaii and HEMO studies respectively [17, 23]. Bacteraemia in HD patients is commonly associated
with VVAD, especially with Central Venous Catheter (CVC). The incidence of bacteraemia with HD catheters ranges
from 0.5 to 13 per 1000 patient-days [24, 25].

For the diagnosis of CVC associated bacteraemia, blood, as well as catheter tip cultures are required [24]. A bac-
terial number higher than 100 cfu/ml in cultures obtained from the CVC and the concomitant development of the
same bacterium in peripherial blood culture is a strong indication of CVVC—-associated bacteraemia [6].

Remarkably, all the patients in this study with suspected septicaemia had CVC as their vascular access. The
Birmingham study showed that 60% of the catheter related infections were associated with bacteremia [25]. CVC
was also the source of infection in 88% of HD patients at North Carolina [26].

All these buttress the fact that C\VVC is a major source of bacteraemia in HD population. It also highlights the
need for early placement of arterio-venous (AV) fistula in patients on chronic dialysis. This is because the latter has
been found to carry less risk for bacteraemia compared to CVC [19]. The risk of bacteraemia is 3-7-fold higher
with CVC compared to AV fistula [19, 24, 27]. Locham et al agreed that sepsis risk in HD patients is clearly related
to access type and is associated with dramatic increase in mortality [22]. The burden of septicaemia in HD patients
can be significantly reduced if more efforts are geared towards prevention of VAD infections.

All the patients with confirmed septicaemia in this study had fever (>38°C) as one of their presenting symptoms.
Fever has been proposed as an important criterion for making a diagnosis of catheter-related bacteraemia [28]. A
higher index of suspicion for septicaemia should be entertained in every HD patient with fever. This is because sep-
ticemia appears to be an important, potentially preventable, cardiovascular risk factor in dialysis patients [20]. Fur-
thermore, sepsis is a common cause of critical illness for children [29], especially those with ESRD. Chebl et al
documented that 49.04% of ESRD patients with sepsis died within their hospital stay as against 31.78% of
non-ESRD patients [30].They concluded that ESRD patients had 1.44 greater odds of dying within hospital stay as
compared to septic non-ESRD patients [30].

It is well documented that Staphylococcus aureus and CNS are the commonest causes of blood septicaemia in
HD patients [6, 19, 20, 23, 24, 27, 31]. Many of these studies show the predominant role of Staphylococcus aureus
as a causative organism. CNS was the commonest isolated organism, seconded by Bacillus specie in this study.
Staphylococcus aureus was the 3™ most common bacteria in the index study. These findings are converse to the
study from Beirut, Lebanon [32], where the commonest organism causing sepsis in ESRD patients was E.Coli,
seconded by Staphylococcus epidermidis. This later study was done among adult patients with ESRD presenting
with sepsis at an emergency unit of the hospital in Beirut [32].

Although gram positive bacteria have remained prominent as a cause for septicaemia in HD patients, the possi-
bility of gram negative bacteraemia should always be remembered. This should reflect on the empirical antibiotic
coverage while waiting for blood culture results. This point is important because gram negative sepsis usually car-
ries unfavorable prognosis, and their presence raises the suspicion of causes other than VAD. Recent studies high-
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light the role of gram negative bacteraemia in HD patients [33, 34].

Cloxacillin was the most sensitive antimicrobial agent in this study. This was followed by vancomycin and ami-
kacin respectively. The emergence of methicillin and vancomycin resistant Staphylococcal species amon% patients
on haemodialysis has been documented in the past [35]. Therefore, clinicians tend to use the 3" 4™ and 5" genera-
tion cephalosporins as empirical therapy for septicaemia in HD patients. This sounds logical to an extent only in
centres where such resistance has been proven.

The latest generations of cephalosporins are very expensive to the average patient. Cost effective antibiotics like
cloxacillin should still be used as first line drugs in centres where their sensitivity pattern against causative organ-
isms is still high. This will benefit the patients financially, and prevent microbial resistance against the frequently
used 3", 4™ and 5™ generations of cephalosporins.

Our study is limited by some factors. Firstly, 6 of the patients had blood samples sent for culture but their results
were missing from both their files and the computerized result database. This may have affected our incident rate
for septicaemia. Secondly, our study was retrospective, and we noticed that some of the catheter tips of the patients
with suspected septicaemia were not cultured. Doing this would have validated our calculated infection rate attri-
buted to VAD.

5. Conclusion

The high rates of bacteraemic sepsis are of concern in our cohort of patients. Poor sterile technique, low nurse:
patient ratios and long periods of time on HD are all possible contributing factors in our setting. The battle against
septicaemia in HD patients is one that can be worn if more effort is geared towards prevention. A regular surveil-
lance for infections and antimicrobial sensitivity patterns in our HD patients will keep us ahead of the existing pa-
thogens and their resistant strains. Cost effective antimicrobials like cloxacillin should still be used as first line
drugs in centres where their sensitivity pattern against causative organisms is still high.
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