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Abstract: Biomarkers, especially CRP, have demonstrated their relevance to differentiate viral from
bacterial infection, even though a reliable threshold is far to being found. In low- and middle-
income countries, affordable and user-friendly rapid diagnostic tests based on biomarkers can be
widely adopted to help health workers in the management of non-malarial fever. The primary
objective of this study is to assess the best CRP cut-off to distinguish viral from bacterial infections.
Other biomarkers were evaluated for the same purpose, alone or in combination with CRP. We
retrospectively collected data from two referral hospital departments for infectious and tropical
diseases in Italy. Areas under the ROC curve (AUC) were calculated and then compared using
the DeLong test. Overall, we included 1193 febrile cases (viral 20.74% vs. bacterial 79.25%). We
also collected malaria (n = 202) and intestinal parasite (1 = 186) cases to establish their impact on
biomarkers. CRP had the best accuracy in differentiating viral from bacterial infections. The best
performance of CRP was a cut-off of 11 mg/L. All other biomarkers studied had significantly lower
accuracy. Median CRP values were within the normal ranges in parasitic infections, while they were
higher in malaria. None of the combinations of CRP with other biomarkers significantly increased
the accuracy of CRP alone.

Keywords: point-of-care tests; non-malarial fever; low- and middle-income countries

1. Introduction

Antibiotic-resistant bacteria are an increasing public health concern worldwide [1].
This trend is largely attributable to overtreatment, misdiagnosis and mismanagement of
acute febrile infections. The just-in-case prescription of antibiotics is a generalized practice
due to the lack of point-of-care diagnostics, especially in settings like primary health care
centres of low- to middle-income countries (LMIC), where laboratory support is missing [2].

In malaria-endemic countries, the deployment of malaria rapid diagnostic tests (RDT),
according to the WHO test-and-treat recommendation for febrile patients [3], resulted in
better targeted use of antimalarial drugs overall, despite differences between endemic
regions [4]. However, once malaria is excluded, proper management of febrile patients
remains problematic. Practical tools such as the Integrated Management of Childhood
Ilinesses (IMCI) manual are a valid support for the management of febrile children with
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malaria-positive RDT, but include less robust evidence for workup and management of
malaria-negative cases [5], generally resulting in unrestrained use of antibiotics even for
viral infections [1,6,7].

With few available pathogen-specific point-of-care diagnostic tests, biomarkers might
help differentiate viral from bacterial malaria-negative fevers and guide the prescription of
antibiotics. In high-income countries (HIC), biomarkers are variably used for the manage-
ment of febrile inpatients, both for clinical assessment and for monitoring. However, the
usefulness of this approach has an incomplete base of evidence, mostly based on childhood
respiratory infections [8]. In addition, in LMIC, cut-off values may be variably influenced
by co-morbidities such as malaria, HIV, malnutrition, and intestinal parasites [9].

Studies evaluating the use of biomarkers in non-malarial febrile patients in LMIC [10]
are heterogeneous in terms of geographical region, populations, and diagnostic approach.
Although these discrepancies make estimates of the accuracy of specific biomarkers diffi-
cult to generalize, C-reactive protein (CRP) is one of the most promising biomarkers for
LMIC. CRP is widely used as a marker of inflammation and infection in routine practice.
Different devices have been implemented for its detection and quantification, including
point-of-care tests that can be suitable for LMIC [11]. Overall, a better understanding
of CRP’s role in early diagnosis of common febrile tropical diseases, especially in differ-
entiating viral and bacterial causes, may inform antibiotic guidance strategies, with a
potential favourable impact on antimicrobial stewardship and on reducing drug pressure
and antibiotic resistance.

In this study, carried out in two referral hospital departments for infectious and
tropical diseases in Italy, we aimed to investigate the utility of CRP as a marker in the
differential diagnosis of common febrile infectious diseases, in particular to discriminate
viral infections, for which no specific treatment is available/warranted, from bacterial
causes of fever, which would require antibiotic treatment. The primary objective was to
assess the best CRP cut-off to distinguish a viral from a bacterial infection; the secondary
objective was to evaluate other biomarkers for the same purpose.

2. Materials and Methods
2.1. Study Population and Setting

We retrospectively collected data from medical records of adult inpatients, admitted
to the Department of Infectious-Tropical Diseases and Microbiology (DITM), IRCCS Sacro
Cuore Don Calabria Hospital, Negrar di Valpolicella, Verona (Italy), and to the Infectious
and Tropical Diseases Unit, Careggi University Hospital, Firenze (Italy), between January
2008 and December 2018.

Inclusion criteria:

Febrile patients aged > 18 years presenting one of the infectious conditions listed in
Table 1.

Exclusion criteria:

Patients who did not fulfil the diagnostic criteria.
- Records with incomplete demographic data.
- Records with no CRP value available within 48 h of the initiation of specific treatment.

From each medical record, we retrieved the demographic and clinical characteristics
described in Supplementary Materials Table S1. Laboratory data included CRP, white blood
cells (WBC), lactate dehydrogenase (LDH), fibrinogen, and erythrocyte sedimentation
rate (ESR).

2.2. Disease Group Classification
The conditions listed in Table 1 were grouped into the following 4 main groups:

1. Viral infections (including viral meningitis, arbovirus infections and flu);

2. Bacterial infections, including blood stream infections, bacterial meningitis, bacterial
pneumonia, zoonotic infections (Brucella, Leptospira), and complicated flu with
secondary bacterial infections likely requiring antibiotic treatment;
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3. Malaria;
4.  Intestinal parasites and schistosomiasis.

Analyses to determine CRP accuracy in differentiating between infections requiring
or not requiring antibiotics were performed on groups 1 and 2. The other groups were
included to evaluate how co-infections frequently found in LMIC affect CRP values and
thus its discriminatory capacity.

Table 1. Causes of fever and diagnostics.

Infectious Disease Diagnostic Criteria Type of Infection
MALARIA Parasitological identification, PCR Not viral
BLOOD STREAM INFECTION Microbiological identification Not viral
BACTERIAL PNEUMONIA Radiological signs, microbiological Not viral
identification, urinary antigens
BACTERIAL ME,NINGITI.S (S. preumoniae, N. Microbiological identification, PCR Not viral
meningitidis, H. influenzae)
ZOONOTIC. DISEASES (b.ruc.ellosm, Serology, PCR Not viral
leptospirosis, rickettsiosis)
UNCOMPLICATED FLU Serology, PCR Viral
COMPLICATED FLU (OVER INFECTION) Serology, PCR Not viral
ARBOVIRUS INFECTIQN (dengue, Serology, PCR Viral
chikungunya, zika)
VIRAL MENINGITIS Serology, PCR Viral
INTESTINAL PARASITE INFECTION AND Serology, parasitological identification, PCR Controls

SCHISTOSOMIASIS

2.3. Data Management and Confidentiality

Data were collected into a standardized electronic case report form (CRF) set up on
Open Clinica. Five investigators entered the data, and the principal investigator supervised
the data entry. Each participating site entered data starting from the most recent cases (by
date of admission), selecting eligible patients until the specified sample size limit for a
given infection was reached (see below).

Under the EU General Data Protection Regulation (GDPR) 2016/679, patients’ sen-
sitive data were not collected. Each observation in the data set was identified by an
alphanumerical code not related to patient identification. The data manager monitored
on a regular basis the data quality checks and performed related tasks such as data clean-
ing. The data quality procedure included monitoring the validity, accuracy, completeness,
consistency, and uniformity of the collected data.

Primary outcome: Sensitivity and specificity of CRP to differentiate viral from bacterial
causes of non-malarial febrile illness (NMFI).

Secondary outcomes: Sensitivity and specificity of other selected biomarkers, alone or
in combination with CRP, to differentiate viral from bacterial causes of NMFI. Biomarkers
considered were WBC, neutrophils, fibrinogen, leucocytes, eosinophils, and LDH.

2.4. Sampling and Sample Size

Sampling was based on convenience criteria (mainly the availability of cases). The
records of all patients fulfilling the inclusion criteria during the study period were included,
with the only limitation of stopping the inclusion of a given, single diagnosis once a
maximum number of 250 was reached (to avoid some conditions being over-represented).

2.5. Statistical Analysis

Descriptive statistics were calculated for demographic and clinical data in relation
to the different diagnoses. In Florence, CRP values were reported by the laboratory on a
continuous scale starting from 8 mg/dL, while values reported by the laboratory in Negrar
were on a scale starting from 0 mg/dL. For data harmonization purposes, CRP levels lower
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than 8 were reassigned to CRP = 8. Generalized linear mixed models (GLMM) were used
to test the association of viral and bacterial diseases with CRP and other relevant clinical
biomarkers. Biomarkers with a percentage of missing values higher than 25% were not
included. Cut-off analysis maximizing the percentage of correctly classified cases was
performed only for the biomarkers that could significantly discriminate between viral and
bacterial infections (p < 0.05) (Supplementary Materials Table S2). Cut-off points with
their sensitivity and specificity were reported along with their 95% confidence interval (CI).
Areas under the ROC curve (AUC) were calculated and then compared using the DeLong
test. Data were analysed using SAS (version 9.4; SAS Institute Inc., Cary, NC, USA).

2.6. Ethical Approval

The study protocol obtained ethical clearance from the “Comitato Etico per le province
di Verona e Rovigo” on 6 March 2019 (protocol number 14756).

3. Results
3.1. Demographic, Clinical, and Laboratory Characteristics (Viral vs. Bacterial)

The study flow is summarized in Figure 1.

Adults screened
n=1196

Uncertain
pneumonia =1
diagnosis n=3

Ruled out

\

Enrolled subjects

n=1193
Available
POCTs _ Malaria
. n =202
Intestinal parasite
Controls " e
schistosomiasis
n=186
Viral n=167 (20.74%) Bacterial n=638 (79.25%)

{ {

Viral meningitis

Blood stream
infection

n =71 (42.51%) Zoonotic disease n = 250 (39.18%)
n =13 (2.04%)
Arbovirus infection Bacterial meningitis
n= 61 (36.53%) n = 66 (10.34%)

Complicated flu S—
Uncomplicated flu n=60 (9.40%) acteria

e pneumonia
n = 35 (20.96%) n = 249 (39.03%)

Figure 1. Study flow chart.

Overall, we included 167 and 638 cases of viral and bacterial NMFI, respectively,
202 cases of malaria, and 186 cases of non-febrile parasitic infections.
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The number of cases contributed by the study sites is reported in Table 2.

Table 2. Cases from the study site.

Center Viral N (%) Bacterial N (%) Parasitic N (%) Malaria N (%) Overall N (%)
FIRENZE 131 (78.4) 405 (63.5) 32 (17.2) 57 (28.2) 625 (52.4)
NEGRAR 36 (21.6) 233 (36.5) 154 (82.8) 145 (71.8) 568 (47.6)

Overall 167 638 186 202 1193

The main demographic and clinical characteristics of the patients included are reported
in Table 3.

Table 3. Main characteristics of the included patients.

Demographical Diagnoses
];gatf N Overall Viral Bacterial & Parasitic Malaria
FEMALE, N (%) 1193 434 (36.4) 77 (46.1) 269 (42.1) 30 (16.1) 58 (28.7)
AGE (YEARS),
MEDIAN (IQR) 1193 46 (32-63) 37 (30-50) 57 (42-69) 25 (21-34) 41 (33-52)
PATIENTS” ORIGIN,
N (%) 1193
ITALY 709 (59.4) 125 (74.9) 561 (65.8) 15 (8.1) 60 (29.7)
AFRICA 343 (28.8) 7 (4.2) 140 (16.4) 157 (84.4) 128 (63.4)
SOUTHEAST ASIA 27 (2.3) 6 (3.6) 42 (4.9) 6(3.2) 3(1.5)
OTHER 114 (9.6) 29 (17.4) 110 (12.9) 8 (4.3) 11 (5. 4)
CLINICAL DATA
HIV, N (%) 1193 40 (4.2) 7 (3.8) 24 (4.4) 1(0.5) 8 (4.0)
FEVER ON
ADMISSION, N (%) 171 485 (41.4) 90 (53.9) 301 (47.6) 4(2.3) 90 (46.0)
TEMPERATURE ON 478 38.30 °C 38.00 °C 38.40 °C 37.75°C 38.40 °C
ADMISSION, (37.90-38.90) (37.80-38.50) (38.00-39.00) (37.65-38.15) (38.00-39.00)
MEDIAN (IQR)
FEVER IN THE LAST
T%;\/II_II’CI;EE%UTQIE]/E)\I 1190 677 (56.0) 110 (65.9) 419 (65.7) 3(1.6) 145 (71.8)
THE LAST 24 391 39.00 °C 39.00 °C 39.00 °C 40.00 °C 39.00 °C
HOURS, MEDIAN (38.30-39.30) (38.05-39.00) (38.50-39.50) (40.00-40.00) (38.00-39.10)
(IQR)
MAXIMUM
OBSERVED
TEMPERATURE 1108 38.00 °C 38.00 °C 38.40 °C 36.50 °C 38.30 °C
DURING (37.00-39.00) (37.50-38.70) (37.50-39.00) (36.20-36.70) (37.00-39.20)
HOSPITALIZATION,
MEDIAN (IQR)
FEVER DURATION
(DAYS), MEDIAN 1113 2.00 (0.00-5.00)  3.00 (1.00-5.00)  3.00 (1.00-5.00)  0.00 (0.00-0.00)  1.00 (0.00-2.00)
(IQR)
CARDIAC
82.00 80.00 87.00 70.00 83.5
FREQUENCY (BPM), 1090
MEDIAN (IQR) (72.00-95.00) (70.00-89.00) (76.00-100.00) (60.00-80.00) (72.00-98.00)
DIED, N (%) 1193 13 (2.0) 0(0.0) 13 (2.0) 0(0.0) 0 (0.0)

NOTE. N is the number of non-missing values. ABBREVIATIONS. IQR: Interquartile Range, BPM: Beats Per Minute.

3.2. Biomarkers (Viral vs. Bacterial)

The median CRP values of viral and bacterial infections were 8.00 (IQR: 8.00-16.00)
and 122 (IQR: 51.00-225.00) mg/L, respectively (p < 0.001) (Figure 2).
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Figure 2. CRP levels according to infection category. Extreme outliers are not shown.

Median CRP values were within the normal ranges in parasitic infections, while
they were higher in malaria (97.20, IQR: 38.49-160.09), although they were significantly
lower than those found for bacterial infections (p < 0.0001). The median values (and
corresponding interquartile ranges) of the other biomarkers, in relation to the groups of
infections, are reported in Table 4.

Table 4. Median values of other biomarkers.

Biomarkers N o 1 Diagnoses
Median (IQR) vera Viral Bacterial Parasitic Malaria
6.80 8.60
WBC (N/uL) 1190 @s0a100)  A70G10720) oo 530(410-640) 490 (400-6.10)
Neutrophils 7.10
N/nl) 1131 410(220-7.80) 280 (140480) 20"y g0 2.05(1.5-2.80)  2.90 (1.80-4.00)
F(lzg}i’i%“ 1044 479 (351-6.19)  3.88(3.22-4.78)  5.82 (4.83-7.90)  2.49 (2.25-3.01)  4.17 (3.51-4.98)
ESR (mm/h) 734 30.00 14.00 52.00 9.00 30.00

(12.00-54.00) (8.00-24.50) (35.00-67.00) (6.00-16.00) (15.00-52.00)

NOTE. N is the number of valid cases. WBC: White Blood Cells, CRP: C-Reactive Protein, ESR: Erythrocyte Sedimentation Rate,
IQR: Interquartile Range.

ERS was excluded from further analysis due to the high missing rate. For the other
markers, including CRP, ROC curves were created (Figure 3).

As can be observed from the AUC, CRP showed the best accuracy, followed by
fibrinogen. The accuracy of CRP was statistically different from all other markers (p < 0.0001
for CRP versus WBC and versus neutrophils, p = 0.0009 for CRP versus fibrinogen). The
cut-off values that allowed for the best accuracy were calculated through the ROC curves
and are reported in Table 5.

As an exploratory analysis, we evaluated the accuracy of the combination of CRP plus
the other biomarkers against CRP alone (Figure 4). None of the combinations significantly
increased the accuracy of CRP alone.As an exploratory analysis, we evaluated the accuracy
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of the combination of CRP plus the other biomarkers against CRP alone (Figure 4). None
of the combinations significantly increased the accuracy of CRP alone.

ROC Curves for Comparisons

1.00 —
-
-
ey =
Fd =
0.75 -
et
> - 7
= S
B 050 |1
g Iy
" [
0.25 jj
0.00 4
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0.00 0.25 0.50 0.75 1.00
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ROC Curve (Area)
CRP (0.9005)

— ——- WBC (0.7999)
— - — FIBRINOGEN (0.8486)
—— — NEUTROPHIL (0.7968)

Figure 3. Receiver Operating Characteristic curves of C-reactive protein (CRP) (AUC 90.0%, 95% CI:
87.4-92.7), fibrinogen (AUC 84.9%, 95% CI: 81.4-88.3), white blood cells (WBC) (AUC 80.0%, 95% CI:
76.1-83.9), and neutrophil (AUC 79.7%, 95% CI: 75.7-83.6). Diagonal line represents line of reference.

ROC Curves for Comparisons

1.00 _—
P ‘“ﬁﬁ%'_— =
0.75
> .
=
% 0.50
c
[
(0]
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ROC Curve (Area)

CRP (0.9005)

— — —- CRP+WBC (0.9146)

— - — CRP+FIBRINOGEN (0.9063)
—— — CRP+NEUTROPHIL (0.9091)

Figure 4. Receiver Operating Characteristic curves of C-reactive protein (CRP) + white blood cells
(WBC) (AUC 91.5%, 95% CI: 89.0-93.9), CRP + fibrinogen (AUC 90.6%, 95% CI: 88.0-93.3) and
CRP + neutrophil (AUC 90.9%, 95% CI: 88.4-93.5). Diagonal line represents line of reference.
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Table 5. Biomarkers’ cut-offs with corresponding sensitivity and specificity. Cut-offs were obtained
maximizing the percentage of correctly classified cases.

Biomarkers Cut-Off Sensitivity (95% CI) Specificity (95% CI)
CRP 11.00 92.8 (90.8-94.8) 69.3 (62.3-76.3)
WBC 3.60 93.7 (91.8-95.6) 32.3(25.2-39.4)

FIBRINOGEN 3.85 93.5 (91.4-95.5) 48.3 (40.1-56.4)
NEUTROPHILS 1.60 95.1 (93.3-96.8) 29.2 (22.2-36.2)

CRP: C-Reactive Protein, WBC: White Blood Cells, CI: Confidence Interval.

4. Discussion

In this study, we found that, among the selected biomarkers, CRP had the best accuracy
in differentiating viral from bacterial infections. CRP’s best performance was with a cut-off
of 11 mg/L. All other biomarkers studied had significantly lower accuracy, with specificities
that were particularly low (under 50%) when the corresponding sensitivity was deemed
sufficiently good (>92%) to avoid missing a substantial proportion of bacterial infections.
We also evaluated the combination of CRP with the other biomarkers, but none of them
appeared to increase the accuracy of CRP alone. Parasitic infections, which are frequently
found in LMIC, did not influence CRP levels; hence there would be no need to rule out
these infections to interpret the results of CRP. On the other hand, in accordance with
previous evidence [7,12], malaria increased CRP, though to levels that were significantly
lower than those found in bacterial infections. Malaria RDTs are systematically used in
acute febrile illnesses in malaria-endemic countries. While a negative malaria RDT would
then support the prescription of antibiotics in a febrile patient with high CRP, a positive
malaria RDT test would still leave the healthcare provider with their clinical judgement, as
one cannot rule out with all certainty a concomitant bacterial infection.

Selecting a cut-off value is a trade-off between minimising false-negatives (high
sensitivity) vs. false-positives (specificity). Erring on the side of caution to minimise the
risk of missing cases that require antibiotics means that a relatively low cut-off value (like
the 11 mg/L found here) may not have a huge impact on antibiotic prescriptions. Our
findings are in line with a recent meta-analysis and individual patient data study [13],
which showed that a CRP cut-off close to the one found here (10 mg/L) achieved very high
sensitivity for bacterial infections. However, the optimal accuracy was found at 36 mg/L,
and at a threshold of 40 mg/L the sensitivity and specificity for bacterial infections were
74% (95% CI 70-77) and 84% (95% CI 81-87), respectively. The combined use of the two
cut-offs was evaluated for routine care and proved useful to significantly increase the
correct classification of the NMF], although cases with CRP <40 and >10 mg/L could not
be classified. On the other hand, a previous study showed that CRP at a cut-off of 10 mg/L
had high sensitivity for the detection of bacterial infections (95%, 95% CI 92-97), while
specificity was extremely low (49%, 95% CI 46-53) [7].

Other studies previously assessed different CRP cut-off values, trying to find a good
compromise between sensitivity and specificity. However, it has not yet been possible to
identify an optimal cut-off at which CRP would meet the target product profile proposed
(sensitivity >90% and specificity >80% for differentiating bacterial from non-bacterial
infections in children with non-severe, non-malarial acute fever in low-resource settings)
and the ASSURED criteria [9]. It must be considered that differences in settings and age of
the patient population in question could hamper the generalization of the findings. Finally,
the impact on clinical outcome/antibiotic prescription of a CRP-based approach of NMFI in
LMIC has yet to be defined, with the few available studies producing inconsistent results.

The utility of CRP would likely improve when combined with other diagnostic tools
and/or clinical algorithms, as has been suggested [5,14], especially if using point-of-care,
rapid diagnostic tests [15].

This study is not without limitations. First, the study sites are not in LMIC—settings
the results are mainly intended for. However, a strength of the study is that it allowed
for well-characterized infections, thanks to the availability of specific laboratory tests and



Diagnostics 2021, 11, 1728 90of 10

imaging, which are often missing in studies conducted in LMCI [16]. Second, different
CRP scales were used in the two study sites. While the values were then harmonized, a
continuous scale including values <8 might have been more precise; however, this did
not seem to affect the calculation of the cut-off values of CRP and the estimation of its
accuracy. Another strength of the study is the inclusion of individuals of 18 years of age
and older. Very few studies have focused on adults with NMFI [10]; hence we believe that
our findings can add valuable data for this age group.

5. Conclusions

In conclusion, among the biomarkers evaluated, CRP showed the best accuracy in
differentiating viral from bacterial infections. A CRP cut-off value of 11 mg/L would
miss a small proportion of bacterial infections, while also leaving an unsatisfactorily high
proportion of viral infections wrongly classified and hence probably mismanaged with
antibiotics. Combining CRP with other biomarkers does not increase accuracy significantly.
In line with previous evidence, our study supports the implementation and evaluation of
CRP-based devices in combination with other diagnostic tools and clinical algorithms, for
the clinical management of NMFI in LMIC.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/diagnostics11091728/s1, Table S1: Demographical and clinical characteristics, Table S2: Clinical
biomarkers associated with bacterial diseases.
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