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Introduction
Febrile illness is a common problem in the pediatric 

emergency department (ED) [1]. Children with complex 
comorbidities are frequently seen and are at increased 
risk of serious infections, for example, due to being 
immunocompromised or being dependent on central venous 
lines [2]. It has been estimated that febrile illness accounts for 
up to 60% of ED attendances in pediatric cancer [3]. These 
children are at high-risk of serious bacterial infection (SBI) 
and life-threatening infectious complications [2,4]. Some of 
these patients are neutropenic. SBI during febrile neutropenia 
is associated with significant morbidity and mortality if left 
untreated and therefore it is managed as a medical emergency 
[2,5]. Due to this significant risk, immunocompromised 
children with febrile illness are virtually always admitted 
for broad-spectrum antibiotic treatment, whilst awaiting 
microbiological results [6,7]. This approach has significantly 
reduced morbidity and mortality [8], but consequently leads 
to antibiotic overuse, prolonged hospitalization and increased 
risk of antimicrobial resistance. In only 11-31% of these 
patients a microbiologically documented infection will be 
identified [9-13]. and up to 62% will have no cause identified 
[11,14-16]. It is estimated that a significant proportion of 
fever in this population is due to self-limiting viral infection, 
drug-induced or caused by the underlying condition 
[5,17,18]. This diagnostic uncertainty incurs significant costs 
to healthcare systems [19]. Differentiating between bacterial, 
viral, inflammatory or other causes of fever is challenging, 
as the clinical presentation is often non-specific [20]. 
Microbiological cultures take at least 24-48 hours to yield 
results, and commonly used inflammatory markers such as 
C-reactive protein and procalcitonin are not sensitive enough 
to rule out bacterial infection [21-23]. Thus, new approaches 

Abstract
Background: Diagnosing febrile illness in 
immunocom promised children at presentation 
to hospital remains a challenge. Serious bacterial 
infection can cause significant mortality and morbidity, 
but conventional diagnostics using culture-based 
technology results are often negative. Molecular 
pathogen testing might increase the yield of pathogen 
detection in this population, subsequently potentially 
altering clinical management and improving outcome.

Methods: Immunocompromised febrile children 
recruited to the international Personalised Risk 
assessment in Febrile illness to Optimised Real-life 
Management study (PERFORM) were evaluated using 
current best practice local diagnostic approaches, 
and subsequently assigned to phenotypes based on 
standardized definitions. Retrospectively, these febrile 
cases were complemented by additional centralized 
molecular tests (CMT) for 22 respiratory and 35 
blood pathogens and subsequently we analyzed febrile 
cases using CMT and local microbiological data. 

Results: There were 336 febrile episodes, of which 45 
definite bacterial (13.4%), 37 definite viral (11.0%) using 
conventional diagnostic approaches, and 254 with more 
uncertain or inflammatory etiologies of fever (75.6%), 
and 54 non-febrile control cases. CMT detected any 
pathogens in 201/336 febrile cases (59.8%) and 33/54 
non-febrile controls (61.1%). CMT detected E. cloacae, 
Enterobacteriales, and K. pneumoniae more commonly 
in definite bacterial cases compared to other febrile 
cases. There were no pathogens significantly more often 
detected in febrile cases versus controls, nor were any viral 
pathogens more often detected in definite viral cases by 
CMT. Bacterial pathogen detection was seen more often 
in definite bacterial cases on CMT (odds ratio 20.71 (95% 
confidence interval 2.11-203.77)). Viruses were detected 
in 46.7% of definite bacterial cases (N=21), and 57.4% of 
controls (N= 31). Bacteria were detected in 10.8% of definite 
viral cases (N= 4), and 5.6% of controls (N=3). Human 
herpes virus (HHV)7 was equally the most commonly 
detected pathogen across all phenotypes (33.6%, N=113) 
in respectively 22.2% of definite bacterial (N=10), 32.4% 
of definite viral (N=12), and 36.4% of unknown bacterial 
or viral febrile illness (N=43) and controls (37.0%, N=20). 

Conclusion: CMT frequently detected pathogens in 
both febrile children and non-febrile controls. Except 
for certain gram-negative bacteria, no pathogens were 
more commonly detected in definite bacterial or definite 
viral febrile illness. Viruses are detected in a significant

proportion of patients with bacterial infection. HHV7 is 
frequently detected in immunocompromised children, 
both febrile and non-febrile. CMT can increase detection 
of pathogens, but our data do not suggest it will ease the 
current diagnostic challenges regarding their clinical 
relevance in this population.
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are needed to earlier differentiate the etiology of fever, or 
facilitate early discontinuation of antibiotic treatment. Many 
biomarkers have been studied, but these have not proven to 
be sensitive or specific enough to change current practice 
[24,25]. As an alternative approach, molecular methods 
can rapidly detect RNA or DNA of bacterial, viral and 
fungal pathogens [26-29], and might have the potential to 
change the diagnosis and management of febrile illness. In 
patients with febrile neutropenia [30-33], immunocompetent 
children [34,35] or suspected sepsis [26,36] potential benefit 
of polymerase chain reaction (PCR) has been described, 
improving the detection rate of pathogens. This study aimed 
to explore the potential role of centralized molecular pathogen 
tests (CMT) by PCR in children at high risk of SBI, recruited 
to the Biomarker Validation in high-risk patients (BIVA-HR) 
cohort of the Personalized Risk assessment in Febrile illness 
to Optimise Real-life Management (PERFORM) study 
(www.perform2020.org), evaluating the diagnosis of fever 
in children across Europe using current local best practice 
diagnostics.

Material and Methods
We analyzed data from the BIVA-HR cohort within the 

PERFORM study [13]. The study recruited patients between 
2 June 2016 and 31 December 2019. Children were recruited 
to BIVA-HR if they fulfilled the following inclusion criteria: 
<18 years of age, immunocompromised due to primary or 
secondary immunodeficiency with a (history of) fever (<72 
hours prior to admission, T≥38.0°C) or suspected infection, 
and clinical indication for blood investigations as per treating 
clinician’s decision. For control patients, similar inclusion 
criteria were used, with the exception that a (history of) fever 
or a vaccination <3 weeks from research sample collection 
were now used as exclusion criteria. These control patients 
presented to hospital for any reason other than febrile illness, 
but had a requirement for blood investigations. They received 
routine clinical workup, according to best practice at the 
respective centers. Imaging, laboratory and (conventional) 
microbiological investigations were performed as clinically 
indicated. For each child a final phenotype was assigned 
using the validated algorithm in the PERFORM protocol 
(Supplementary Figure 1), previously described by Nijman 
et al. [37,38], by experienced pediatricians based on all 
clinical, laboratory and imaging data in each center. We 
combined febrile episodes with the phenotypes definite 
bacterial, probable bacterial, and bacterial syndrome to 
proven/presumed viral for additional assessment. This was 
done to reflect the clinical presentation more truthfully at 
presentation, and to include episodes in which there was a 
bacterial infection from non-sterile sites or bacterial infections 
in which inflammatory markers were low. Similarly, we 
combined febrile episodes with the phenotypes definite viral, 

probable viral and viral syndrome to proven/presumed viral 
infection. For similar reasons as in bacterial, this is to be able 
to include viral infections with higher inflammatory markers, 
and to reflect the clinical spectrum of viral illness as seen on 
admission.

Centralized Molecular pathogen Tests (CMT)
Research blood and respiratory samples were obtained 

from participants as early as possible in the patient’s 
presentation to hospital, when feasible, simultaneously with 
the first clinically indicated blood investigations. Collected 
blood in EDTA and dry flocked throat swabs stored in eNAT® 
were stored at -80°C and transported to Micropathology 
Ltd, Coventry, UK. Centralized Molecular pathogen tests 
were performed retrospectively, in a research setting, and 
these results were not used for clinical management, local 
diagnostics, nor final phenotype assignment. Total nucleic 
acid was extracted from the throat swab and blood samples. 
Throat swabs were analyzed by NxTAG™ Respiratory 
Pathogen Panel (RPP) assay (Luminex® Corporation), 
allowing simultaneous detection of nineteen viral and three 
bacterial species. Whole blood samples were analyzed 
utilizing a panel of fourteen multiplex probe-based qPCR 
assays (Micropathology Ltd, Coventry), containing 23 
bacterial, nine viral, and three fungal targets (Supplementary 
Table 1). Targets were specifically tailored pathogens known 
to be common in the immunocompromised population. 
Results from CMT are reported separately from local 
microbiological investigations, which included molecular 
testing for common pathogens for some patients.

Analysis and statistics
Clinical and laboratory data were collected and final 

phenotypes were assigned by the local teams on standardized 
forms and put on a custom online database without personal 
identifiers. Data quality control and crosschecking for 
inconsistencies were regularly performed. Descriptive data 
were reported using absolute frequencies and percentages. 
Data were not normally distributed; hence, non-parametric 
tests, medians and interquartile ranges (IQR) were used. Mann-
Whitney U tests for continuous variables, and χ2 or Fisher’s 
exact tests for categorical data, were utilized appropriately. 
Odds ratios (ORs) were calculated using univariate logistic 
regression and reported with 95% confidence intervals (CIs). 
P-values <0.05 were considered statistically significant. 
Data were analyzed using IBM SPSS Statistics, version 27 
[Armonk USA 2020].

Results
During the study period, 599 febrile episodes were 

enrolled in BIVA-HR [13]. After the removal of episodes 
without available research samples, 336 febrile episodes were 

http://www.perform2020.org
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Clinical 
characteristic

All febrile 
episodes 
(N=336)

Definite 
bacterial 
(N=45)

Proven/presumed 
bacterial  (N=96)

Definite viral 
(N=37)

Proven/presumed 
viral (N=72)

Unknown 
bacterial or 

viral (N=118)

Controls 
(N=54)

Male 192 (57.1%) 27 (60.0%) 57 (59.4%) 20 (54.1%) 37 (51.4%) 67 (56.8%) 36 (66.7%)

Age (years) 8.0 (4.3-12.8) 9.1 (4.0-13.5) 9.1 (3.8-13.8) 6.7 (4.2-11.4) 8.3 (4.5-12.7) 6.5 (4.3-11.5) 9.0 (3.8-13.6)

BMT patient 37 (11.0%) 6 (13.3%) 9 (9.4%) 7 (18.9%) 10 (13.9%) 9 (7.6%) 12 (22.2)

Empirical antibiotics 
given 302 (89.9%) 45 (100.0%) 95 (99.0%) 31 (83.7%) 54 (75.0%) 112 (94.9%) N/A

Max. CRP (mg/L) 38 (15-87) 71 (30-146) 76 (29-155) 11 (5-34) 16 (4-39) 37 (18-77) 9 (4-14)

Lymphopenia 161 (47.9%) 19 (42.2%) 39 (40.6%) 25 (67.6%) 43 (59.7%) 59 (50.0%) 17 (34.0%)

Neutropenia 131 (38.9%) 15 (33.3%) 34 (35.4%) 15 (40.5%) 22 (30.6%) 68 (57.6%) 9 (17.6%)

Underlying 
condition

Haematological 
malignancy 140 (41.7%) 19 (42.2%) 40 (41.7%) 21 (56.8%) 34 (47.2%) 58 (49.2%) 16 (29.6%)

Solid malignancy 57 (17.0%) 7 (15.6%) 16 (16.7%) 5 (13.5%) 8 (11.1%) 29 (24.6%) 3 (5.6%)

Brain/CNS 
malignancy 23 (6.8%) 2 (4.4%) 7 (7.3%) 0 (0.0%) 4 (5.6%) 10 (8.5%) 1 (1.9%)

Haematological 
disease 42 (12.5%) 3 (6.7%) 11 (11.5%) 6 (16.2%) 9 (12.5%) 13 (11.0%) 6 (11.1%)

Primary 
immunodeficiency 22 (6.5%) 1 (2.2%) 4 (4.2%) 2 (5.4%) 8 (11.1%) 3 (2.5%) 9 (16.7%)

Inflammatory 
syndrome 27 (8.0%) 2 (4.4%) 3 (3.1%) 2 (5.4%) 4 (5.6%) 3 (2.5%) 13 (24.0%)

Solid organ 
transplant 10 (3.0%) 6 (13.3%) 7 (7.3%) 0 0 1 (0.8%) 0

HIV 3 (0.9%) 1 (2.2%) 2 (2.1%) 0 0 0 0

Cystic fibrosis 1 (0.3%) 0 0 0 0 1 (0.8%) 0

Short bowel 
syndrome 2 (0.6%) 2 (4.4%) 2 (2.1%) 0 0 0 0

Nephrotic syndrome 1 (0.3%) 0 1 (1.0%) 0 0 0 2 (3.7%)

Other 8 (2.4%) 2 (4.4%) 3 (3.1%) 1 (2.7%) 5 (6.9%) 0 4 (7.4%)

Severity

Mortality 5 (1.5%) 0 (0.0%) 0 1 (2.7%) 3 (4.2%) 0 N/A

PICU admission 29 (8.6%) 4 (8.9%) 14 (14.6%) 0 2 (2.8%) 6 (5.1%) N/A

Sepsis 48 (14.3%) 10 (22.2%) 23 (24.0%) 4 (10.8%) 6 (8.3%) 13 (11.0%) N/A

Septic shock 8 (2.4%) 4 (8.9%) 5 (5.2%) 0 0 1 (0.8%) N/A

Severe sepsis 4 (1.2%) 1 (2.2%) 2 (2.1%) 0 0 2 (1.7%) N/A

Inotropes 10 (3.0%) 3 (6.7%) 7 (7.3%) 0 0 1 (0.8%) N/A

Oxygen 35 (10.4%) 5 (11.1%) 13 (13.5%) 0 3 (4.2%) 9 (7.6%) N/A

NIV 12 (3.6%) 4 (8.9%) 7 (7.3%) 0 0 3 (2.5%) N/A

Invasive ventilation 13 (3.9%) 2 (4.4%) 7 (7.3%) 0 1 (1.4%) 3 (2.5%) N/A

Table 1: Clinical characteristics of febrile episodes by phenotype, and controls. Data presented as N= (%) or median (interquartile range).
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observed between cases and controls (Figure 2A), other than 
detection of HHV6b being more common in controls than 
in cases (OR 0.45 (IQR 0.22-0.91). The whole spectrum of 
pathogens detected by local investigations and CMT can be 
found in Supplementary Tables 2 and 3, respectively.

CMT pathogen detection in definite bacterial and 
viral groups, and proven/presumed bacterial and 
viral groups

Detection of any bacteria with CMT was more commonly 
observed in the definite bacterial group OR 4.13 (95%CI 1.23-
13.82) compared to the definite viral group. Viruses were 
detected by CMT in 21 definite bacterial episodes (46.7%) 
and 24 definite viral episodes (64.9%). Vice versa bacteria 
were detected in 4 definite viral cases (10.8%) and 15 definite 
bacterial cases (33.3%). Virus detection was not signficantly 
more common in the definite viral group OR 0.47 (95%CI 
0.19-1.16) versus definite bacterial (Figure 2B). When 
comparing proven/presumed bacterial with proven/presumed 
viral phenotypes, only detection of blood bacteria was more 
commonly seen in proven/presumed bacterial infections 
(OR 2.60 (95%CI 1.04-6.51)) (Figure 2C). Assessing CMT 
detection in more detail, in 13 definite viral and 4 definite 
bacterial cases, respiratory viruses were detected by CMT. 
Most common and the only virus detected in both groups was 
rhinovirus (detected 3 times each), but it was not significantly 
more common in either group. No respiratory bacteria were 
detected in definite bacterial or definite viral cases. Given low 
detection numbers for the other targets across the groups, no 
meaningful further comparisons could be made. For blood 
viruses, 20 definite viral (54.1%) and 19 definite bacterial 
cases (42.2%) had blood viruses detected. In both groups 
HHV7 (OR 0.60 (95%CI 0.22-1.59)) and HHV6b (OR 1.52 

included in the analysis, as well as 54 HR controls.  All febrile 
episodes had blood and respiratory samples, 16 controls had 
both samples, and 38 controls blood samples only. Following 
the analysis of clinical and local investigation data, all 
episodes were assigned a final phenotype. 45 were classified 
as definite bacterial (13.4%) and 37 as definite viral (11.0%). 
A further 32 were classified as probable bacterial (9.5%), 19 
as bacterial syndrome (5.7%), and 23 as probable viral (6.8%) 
and 12 as viral syndrome (3.6%). Combining these numbers, 
96 episodes (28.6%) were proven/presumed bacterial and 72 
episodes (21.4%) were proven/presumed viral. The remaining 
episodes had other less certain infectious or inflammatory 
phenotypes assigned (Figure 1). The clinical details of the 
patients are shown in (Table 1). The most common underlying 
condition was hematological malignancy (N=140, 41.7%). 
131 (38.9%) patients were neutropenic at admission, and 37 
(11%) had undergone hematopoietic stem cell transplantation. 
A high proportion of children were empirically treated 
with antibiotics at admission, including those with a viral 
diagnosis (100% of definite bacterial (N=45), 83.7% definite 
viral (N=31)).

CMT pathogen detection in febrile episodes and 
controls

In 189/336 febrile episodes (56.3%) CMT detected at least 
one pathogen and 94 (28.0%) had multiple pathogens detected 
(Table 2). For controls, this was 61.1% (N=31) and 24.1% 
(N=13) respectively. Human herpes virus (HHV)7 was most 
commonly detected in both groups, 33.6% of febrile episodes 
(N=113) and 37.0% of controls (N=20), followed by HHV6b 
in 12.5% of febrile episodes (N=42) and 24.1% of controls 
(N=13), and, Epstein-Barr Virus (EBV) in 11.0% (N=37) 
and 11.1% (N=6) respectively. No statistical differences were 

 
Figure 1: Patient flow and numbers from recruitment to final phenotype assignment based on local investigations and microbiological testing.
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Any 
pathogen Any virus

Any 
bacteria or 

fungi

Any 
respiratory 

virus

Any blood 
virus

Any 
respiratory 

bacteria

Any blood 
bacteria or 

fungi

Multiple 
pathogens

All febrile episodes 
(N=336) 201 (59.8%) 189 (56.3%) 44 (13.1%) 48 (14.3%) 166 (49.4%) 2 (0.6%) 42 (12.5%) 94 (28.0%)

Definite bacterial 
(N=45) 29 (64.4%) 21 (46.7%) 15 (33.3%) 4 (8.9%) 19 (42.2%) 0 (0.0%) 15 (33.3%) 17 (37.8%)

Proven/presumed 
bacterial (N=96) 63 (65.6%) 54 (56.3%) 21 (21.9%) 13 (13.5%) 47 (49.0%) 0 (0.0%) 21 (21.9%) 32 (33.3%)

Definite viral (N=37) 24 (64.9%) 24 (64.9%) 4 (10.8%) 9 (24.3%) 20 (54.1%) 0 (0.0%) 4 (10.8%) 12 (32.4%)

Proven/presumed 
viral (N=72) 43 (59.7%) 42 (58.3%) 8 (11.1%) 17 (23.6%) 34 (47.2%) 1 (1.4%) 7 (9.7%) 20 (27.8%)

Unknown bacterial 
or viral (N=118) 68 (57.6%) 66 (55.9%) 12 (10.2%) 12 (10.2%) 62 (52.5%) 1 (0.8%) 11 (9.3%) 29 (24.6%)

Controls (N=54) 33 (61.1%) 31 (57.4%) 3 (5.6%) 3 (17.6%) 31 (57.4%) 0 (0.0%) 3 (5.6%) 13 (24.1%)

Table 2: Detection rates of pathogens by CMT in groups, stratified by phenotype. Data presented as N= (%).

(95%CI 0.41-5.66)) were most detected, followed by EBV 
(OR 1.37 (95%CI 0.33-4.88) and Parvovirus (OR 0.38 (95%CI 
0,07-2.22). None of these viruses was more commonly 
detected in definite bacterial or definite viral cases. For the 
blood bacteria and fungi, none of the bacterial targets were 
more commonly detected in definite bacterial compared to 
definite viral. However, when comparing definite bacterial to 
all other phenotypes, 6 targets were more commonly detected 
in definite bacterial: pan bacterial (OR 6.52 (95%CI 2.24-
18.99)), pan Staphylococcus (OR 7.00 (95%CI 1.69-29.08)), 
Enterobacter cloacae (OR 20.71 (95%CI 2.11-203.77)), 
Klebsiella pneumoniae (OR 13.49 (95%CI 1.20-151.95)), 
Enterobacteriales rpoB (OR 9.37 (95%CI 2.02-43.35)), and 
Enterobacteriales 16S (OR 14.10 (95%CI 2.50-79.41)).

CMT detection in febrile episodes of unknown 
etiology

In order to examine the potential utility of CMT results 
further, we assessed the detection rates of febrile episodes 
classified as unknown bacterial or viral infection. In 68 
episodes CMT detected any pathogen (57.6%), of which 29 
episodes with multiple pathogens detected (24.6%). Nine 
episodes had both bacterial and viral pathogens detected. 
In three episodes only bacterial pathogens were detected: 
Enterobacteriales, Mycoplasma pneumoniae, and pan 
Staphylococcus in one episode each. These were not detected 
on local microbiological investigations. In 57 episodes only 

viruses were detected, of which twelve episodes had multiple 
positive targets. In line with detection rates across different 
phenotypes, HHV7 (N=37), HHV6b (N=13) and EBV (N=8) 
were most commonly detected among episodes with only 
viral pathogens detected by CMT. Seven had parvovirus 
detected, five common cold viruses (three coronaviruses, one 
metapneumovirus and one parainfluenza type 2), and one 
each parechovirus and respiratory syncytial virus A.

Combining CMT and local diagnostics
When we combined local microbiological results and 

CMT, respiratory viruses were detected in 13.4% (N=6) and 
blood viruses in 44.5% (N=20) of definite bacterial febrile 
episodes. In a similar manner, in 16.2% of definite viral cases, 
evidence of bacteria or fungi was detected (N=8). Across 
all phenotypes evidence of viral pathogens was detected 
(Supplementary Figure 2). Across the cohort in 62 febrile 
episodes (18.4%) viruses and bacteria detected by local 
investigations also had a virus or bacteria detected by CMT. 
When looking at matches in categories, i.e. gram-positive 
or gram-negative, all 17 bacterial matches were correct. In 
ten gram-negative cases, CMT matched a gram-negative 
pathogen, and likewise for the seven remaining gram-positive 
cases. However there were only three completely matched 
gram-negative cases (i.e. the exact same pathogen): one for 
Escherichia coli, one for Enterobacter cloacae, and one for 
Escherchia coli and Serratia marcescens in the same patient. 
Similarly there was one completely matched Staphylococcus 
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Figure 2: A) Odds ratios for molecular pathogen identification in groups, comparing febrile children and non-febrile 
controls. Dots show the mean and whiskers the 95% confidence intervals. Odds ratios >1 (right of dotted line; red arrow) 
indicate increased detection in cases. Odds ratios <1 (left of dotted line, blue arrow) indicate increased detection in controls. 
B) Odds ratios for molecular pathogen identification in groups, comparing definite bacterial infection and definite viral infection. 
Dots show the mean and whiskers the 95% confidence intervals. Odds ratios >1 (right of dotted line; red arrow) indicate increased 
detection in definite bacterial cases. Odds ratios <1 (left of dotted line, blue arrow) indicate increased detection in definite viral cases.  
C) Odds ratios for molecular pathogen identification in groups, comparing proven/presumed bacterial infection and proven/presumed viral 
infection. Dots show the mean and whiskers the 95% confidence intervals. Odds ratios >1 (right of dotted line; red arrow) indicate increased 
detection in proven/presumed bacterial cases. Odds ratios <1 (left of dotted line, blue arrow) indicate increased detection in proven/presumed 
viral cases.
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may represent viral reactivation secondary to the underlying 
condition,not always causing fever and detectable for 
prolonged periods of time, thus not necessarily related to the 
febrile illness itself. Some of our findings will reflect the use 
of a variety of immunosuppressive or -modulating medication 
in our investigated patients, and therefore represent viral 
recrudescence, due to immune paresis by these medications. 
Thus, it might indicate both are involved in the patient’s 
illness, but biological significance of viral detection, mainly 
of herpes viruses, in relation to potential subsequent bacterial 
infection risk, remains unknown. Our inability to clearly 
differentiate patients between bacterial and viral infection 
on admission, is also reflected in clinical management. Most 
patients were prescribed antibiotics (89.3%), including those 
with a proven/presumed viral infection (75.3%).

Interestingly, across the cohort CMT detection rates of 
HHV7 (33.6% of episodes), HHV6b (12.5% of episodes) EBV 
(11.0% of episodes) was high, and these viruses combined 
made up 83.1% of all detected blood viruses (192/231). Similar 
proportions were observed in matched afebrile controls, with 
HHV6b even more likely to be detected in controls than in 
febrile episodes. This was intriguing, as these control patients 
did not show signs and symptoms of infection. Proportions 
of HHV7 and HHV6b were comparable in definite bacterial 
(20.5% and 15.9%) and definite viral (34.2% and 10.5%) 
episodes. It is known that herpes viruses, are latent in 
healthy individuals [39,40], hence, detection could represent 
bystander reactivation rather than being causative in the 
current febrile illness. Additionally, in approximately 1% 
of the general population, HHV-6 integration is inherited; 
this is known as inherited chromosomally integrated HHV-
6 [41].In immunocompetent children, the commonality of 
HHV6b and HHV7 across the spectrum of febrile illness and 
healthy peers has been observed [42]. Further complicating 
interpretation, EBV, HHV, but also CMV and adenovirus 
are known to cause significant mortality and morbidity 
in certain immunocompromised patients, particularly in 
patients with T cell deficiencies and those post-hematopoietic 
stem cell transplantation [43-45]. In these patients, primary 
infection or viral reactivation is known to cause illness and 
they are PCR monitored throughout the course of transplant 
[46,47]. Yet, as these viruses are omnipresent in the studied 
population, we argue that the utility of testing for HHV6 
and HHV7 on admission is of limited value. There are 
several potential explanations as to why we were unable to 
effectively distinguish bacterial and viral infections, even 
with the addition of a broad selection of pathogen targets with 
CMT. The febrile immunocompromised child represents a 
heterogenous group with a variety of underlying conditions 
and subsequent susceptibility to bacterial and viral pathogens, 
complicating uniform analysis. Yet this study does reflect the 

aureus in the seven gram-positive matches. There were also 
three matches between coagulase negative Staphylococcus 
and the Pan Staphylococcal target. For viruses, there were 
21 fully matched viral cases, and 24 viral mismatches. Of 
the viral mismatches 16 were HHV6 or HHV7, which are 
not always routinely screened for in local investigations. 
As none of the CMT results clearly distinguished between 
definite bacterial and definite viral infection, these results could 
not be used to reclassify assigned phenotypes of the less certain 
phenotypes to definite bacterial or definite viral phenotypes.

Discussion
The international observational BIVA-HR study within 

the PERFORM study aimed to assess the etiology of febrile 
illness in immunocompromised children across Europe. 
This was performed by assessing current best practice of 
conventional diagnostics approaches and supplementary 
molecular diagnostic methods to detect bacteria and 
viruses in blood and respiratory samples. Despite thorough 
utilization of the methodologies, the vast majority of patients 
could not be assigned a bacterial or viral etiology. Based on 
current local best practice, only 13.4% (N=45) had definite 
microbiologically confirmed bacterial infection, and 11.0% 
(N=37) a viral infection without evidence of bacterial 
infection. The other 254 patients (75.6%) had varying degrees 
of certainty whether bacteria or viruses were the cause of 
febrile illness. There is a need for improved diagnostics as 
the burden of febrile illness is high and both bacterial and 
viral infection can cause significant morbidity and mortality, 
while it is also speculated that the majority of febrile illness 
in this group is self-limiting or due to non-infectious causes 
[5,17,18]. Applying CMT to confidently increase the 
proportion of febrile illness caused by definite bacterial or 
definite viral etiology was not feasible in this study, due 
to low detection rates of individual targets and subsequent 
capability to distinguish between definite bacterial and definite 
viral episodes. Nevertheless, when assessing the viral and 
bacterial targets as a whole, the detection of a bacterial target 
on CMT did seem to distinguish between bacterial and viral 
infection in proven cases. Higher detection of Enterobacter 
spp. targets when comparing definite bacterial cases to the 
other febrile cases, indicates that there might be a beneficial 
role for molecular testing for gram-negative pathogens. 
CMT increased the number of patients with detected viruses, 
although this was observed in all phenotypical categories, 
including the proven/presumed bacterial infections.  There 
may be some overlap in the host response in bacterial and 
viral disease, and the detection of viruses in the blood does 
not fully exclude bacterial disease. This may imply that a 
significant proportion of immunocompromised children with 
febrile illness is co-infected with viruses. In this population, 
this further complicates accurate diagnosis, as viral presence 
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clinical presentation, as encountered by pediatricians across 
Europe working in emergency departments, more truthfully. 
Moreover, several common bacterial infections are localized, 
and are associated with bacteriaemia in more severe cases 
only. In this group, CMT in blood and conventional blood 
cultures might be equally sensitive, given the focus of 
infection is not the blood stream. Lastly, the frequency of 
detection of individual targets across the cohort was mostly 
low, complicating effective comparison, and those detected 
identified across the different phenotypical categories, and 
thus their importance is unclear. Our study indicates that 
the use of CMT might increase pathogen detection, but our 
findings do not support the clinical utility of CMT in clinical 
decision making about which febrile immunocompromised 
children definitely require antibiotics for potentially life-
threatening bacterial infection or in whom they can safely be 
withheld. Detection of bacterial targets by molecular testing 
could be explored in further research as we observed that pan 
bacterial targets and a few gram-negative bacterial targets 
were more commonly detected in definite bacterial infection 
compared to the other patients in this cohort. This could 
potentially form a basis for risk stratification and treatment 
decisions as to whether or not to initiate antibiotics. 

Strengths and limitations
Our study allowed us to analyse immunocompromised 

children across the European continent as encountered by 
clinicians in the emergency department. We used a specific 
set of viral, bacterial and fungal targets tailored for the 
immunocompromised child. We demonstrated the potential 
presence of viral and bacterial pathogens across the spectrum 
of febrile disease in this vulnerable population, as well as 
in matched controls. There are also several limitations. The 
heterogeneity of the cohort would facilitate generalizability 
of our results, although at present, we could not effectively 
substantiate the utility of CMT across the high-risk spectrum. 
We chose to look at this vulnerable population in the broadest 
sense, as there is a myriad of literature available to improve 
diagnostics for specifc subgroups of immunocompromised 
patients, especially oncological patients. Given that 
management pathways for these high-risk patients on 
presentation are very similar, use of CMT would be easiest to 
implement for this population as whole. Respiratory samples 
were not available for all participants, potentially reducing 
the detection of respiratory viruses, and subsequently 
underestimate the presence of respiratory pathogens in 
this cohort. Furthermore, low individual detection rates 
complicated effective comparison, and did not allow us 
to effectively analyze any quantitative CMT data, due to 
insufficient power. Therefore, we had to use qualitative PCR 
data only. This further complicated the interpretation of viral 
dection, as viral loads are used to aid the distinction between 

active infection and colonization, especially for latent viruses 
such as Herpesviridae. Due to the coronavirus disease 2019 
pandemic, we had to limit the number of patients eligible for 
this study by limiting inclusion to the end of December 2019, 
to avoid pandemic-induced skewing of data. Interpretation 
is further complicated as there is no definite consensus on 
true positive bacterial infection, especially when bacterial 
cultures are negative, but clinically the suspicion of bacterial 
infection is high. Lastly, some patients received antibiotics in 
the community or prior to acquisition of the research samples, 
potentially leading to decreased number of confirmed 
bacterial cases in local and CMT tests.

Conclusion
This exploratory study shows that pathogen detection 

by molecular testing at present appears not be useful in 
differentiating bacterial and/or viral febrile illness from other 
causes of fever in high-risk patients at presentation to hospital. 
Consequently, it does not seem to further aid identifying the 
subset of immunocompromised patients in whom antibiotic 
treatment can be safely withheld. Therefore, we currently 
would not propose its use in the management of febrile illness 
at presentation, unless otherwise indicated. There appears to 
be no role for routine testing of HHV6b or HHV7 as these are 
present in similar proportion across the spectrum of febrile 
illness, and in afebrile children. Further studies are needed to 
identify if there is a role to test for (gram-negative) bacteria 
using CMT. Other, novel, approaches are needed to identify 
the population of immunocompromised febrile children 
in whom antibiotic treatment can be safely shortened or 
withheld.
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