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C-REACTIVE PROTEIN FOR THE DIAGNOSIS AND
PROGNOSIS OF VISCERAL LEISHMANIASIS CAUSED
BY Leishmania infantum
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ABSTRACT

Acute-phase reaction (APR) and its marker C-reactive protein (CRP) are heightened in some
infectious diseases. APR may contribute to clinical manifestations of systemic inflammation
such as hemorrhages, anemia and edema. These symptoms are shared by visceral leishmaniasis
(VL), a disease caused by the protozoa Leishmania infantum and L. donovani. The former is
zoonotic, hitting mostly children and the immunosuppressed, with higher mortality. As APR
and CRP have not been studied in VL caused by L. infantum, we decided to investigate their
role as diagnostic and prognostic tools in Brazil. We measured CRP in 136 patients before the
treatment of VL and 128 who survived and returned 30 days later and compared it to the clinical
presentation, HIV status, and disease severity. Sensitivity for the disease was 97.8% (95%CT:
93.7 - 99.5) and specificity was 85.9% (95%CI: 78.7 - 91.0) with the cut-off of 10mg/L. There
was no association of CRP concentration with demographic, clinical and laboratory data. The
correlation between pre-and post-treatment levels existed but was poor. Marginal association
with the presence of parasites in the bone marrow and death was noticed. The role of APR
in the pathogenesis of VL and disease severity remains to be explored. However, the study
reveals the significant role of CRP for VL caused by L. infantum and should be routinely
required for the diagnosis and follow-up.

KEY WORDS: visceral leishmaniasis, kala-azar, acute phase reaction, C-reactive protein,
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INTRODUCTION

Visceral leishmaniasis (VL), or kala-azar, is a febrile parasitic illness
transmitted by the bites of sandflies. It is endemic in Central Asia, the Middle
East, Mediterranean Basin, and Latin America, but the largest numbers arise
from the Indian Subcontinent, East Africa and Brazil. The two disease-
causing protozoa, Leishmania infantum, and L. donovani, lead to slightly
different diseases: while L. donovani is restricted to humans, L. infantum is
a zoonosis involving canids, rodents and other animals (Alvar et al., 2012;
Burza et al., 2018). While post-kala-azar dermal leishmaniasis is the source
of L. donovani for transmission (Verma et al., 2010), it is rare in infections
caused by L. infantum, which hits more children and seems to be more severe
(Singh et al., 2011; Burza et al., 2018). Both are significant coinfections for
immunosuppressed patients (Akuffo et al., 2018). The two infections share
most symptoms, signs, and complications: prolonged fever, paleness, wasting,
diarrhea, enlarged spleen and liver, and kidney involvement, together with
hematological changes such as anemia, low white blood cell and platelet
counts (Burza et al., 2018). The two main complications are hemorrhages due
to disseminated intravascular coagulation (DIC) and bacterial coinfections
(Costa et al., 2010). Disease severity is strongly linked to a concerted activity
leading to exaggerated systemic inflammation determined principally by IL-6,
v-INF, and IL-8 (Costa et al., 2013) counterbalanced by the immunosuppressive
action of IL-10 (Nylén & Sacks, 2007). The disease may be confounded with
unrelated conditions such as systemic lupus erythematosus (SLE), leukemia,
lymphoma, portal hypertension due to chronic liver diseases, hemolytic
anemia, viral infections and other tropical diseases (Cunha et al., 2015).

Acute-phase reaction (APR) happens when the liver changes its protein
synthesis profile after a particular stimulus such as injury, inflammation,
and infection. By definition, they change their concentration by more than
25%. Proteins can be down-expressed, such as albumin, transferrin, and
retinol-binding protein, or increased such as ferritin, serum amyloid A and
C-reactive protein (CRP) (Janciauskiene et al., 2011). The last is a routine
marker of infection and cure and inflammation, usually with the erythrocyte
sedimentation rate (ESR) (Markanday, 2015). Although typically elevated in
most infections and inflammatory diseases and some types of cancer, it is low
in illnesses included in the differential diagnosis of VL (Pepys & Hirschfield,
2003; Kilicarslan & Uysal, 2013; Cunha et al, 2015; Markanday, 2015).

Proinflammatory cytokines trigger APR after mononuclear phagocytes
are exposed to pattern recognition molecules or danger signals. Upon signal
transduction, IL-1, IL-6, and TNF-a are expressed. IL-1 further stimulates
IL-6, which is the principal cytokine to trigger APR. Among the systemic
spectrum of activities of IL-6 are fever, activation of the coagulation cascade,
inappetence, wasting, cachexia and B-cell activation and proliferation (Pepys
& Hirschfield, 2003; Janciauskiene et al., 2011; Hunter & Jones, 2015).
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APR has significant clinical consequences. Besides being an
evolutionary old innate defense helping to control infections at its site, it also
leads to systemic effects through the opsonization of microorganisms and
healing (Pepys & Hirschfield, 2003; Janciauskiene et al., 2011). The three most
visible clinical manifestations of it are coagulation changes [thrombosis or
disseminated intravascular coagulation (DIC)], anemia, and edema (Bisoendial,
2005; Johansson et al., 2011; Madu & Ughasoro, 2017; Eckart et al., 2020). DIC
results from the additive effect of increased expression of coagulation factors
and downregulation of anticoagulant proteins (Davidson, 2013), and the IL-6
induced expression of tissue factor in the surface of mononuclear cells (Singh,
1999). Anemia is generated by the action of the iron-retaining acute phase protein
hepcidin (Sangkhae & Nemeth, 2017) and edema by the reduced synthesis of
seroalbumin (Soeters et al., 2019).

CRP has been demonstrated to be very high in patients with VL caused
by L. donovani, leading to high sensitivity for diagnosis. Due to its high
sensitivity, it has been used as a marker of response to treatment (Singh, 1999).
Also, its association with parasite burden indicates its use as a biomarker of
parasitological cure. Although CRP is the most used APR marker, it has not yet
been investigated in VL caused by L. infantum. Many of the manifestations of
APR overlap with those of VL, so we decided to investigate, for the first time,
the role of PCR as a diagnostic and prognostic tool for VL caused by L. infantum.

MATERIALS AND METHODS
Study design

Study participants were consecutively admitted to the Tropical
Medicine Institute “Natan Portella” from mid-2018 to mid-2019 as part of a
clinical trial on vitamin A and zinc supplementation for VL treatment. Patients
were included in the study after diagnostic confirmation of VL and followed
for 30 days after starting the specific treatment. Diagnosis was performed
through microscopic direct observation of Leishmania amastigotes in a bone
marrow smear. Also, the bone marrow smear was routinely sowed in Novy—
MacNeal-Nicolle medium (NNN) covered with Schneider’s media enriched
with 3% human urine. If direct examination was negative, OnSite Leishmania
Ab Rapid Test®, CTK, CA immunochromatographic test was performed, albeit
also performed under physician’s request. Then, if negative and required by the
assistant physician, usually a conventional in-house polymerase chain reaction
(PCR), amplifying a segment of the conservated region of Leishmania KDNA is
performed. The sole inclusion criterion was age over six months. Patients with
hematological neoplasms submitted to chemotherapy, pregnant women, and
patients who presented contraindications to vitamin A and zinc supplementation
were excluded.
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C-reactive protein, blood tests, and disease severity

For C-reactive protein (PCR), the blood sample (4.0 mL) was transferred
to a tube with clot activator, centrifuged at 3,200 rpm for 12 minutes; the serum
obtained was stored under refrigeration (-20°C) and analyzed by a fixed-point
immunokinetic method in dry chemistry, considering the reference value
below 10.0 mg/dL (Vitros XT 7600 equipment®, Ortho Clinics Diagnostics,
Haritan, NJ, USA). Hemoglobin, white blood cells (WBC), and platelets were
performed by hospital routine laboratory evaluation. Disease severity was
established by using the Kala-Cal prognostic scoring system (available at
www.sbmt.org/kalacal/).

Statistical analysis

The statistical package Stata 15 version 15.1, College Station, TX,
was used. According to the distribution, variables were tested for normality,
and parametric or non-parametric tests were used (for independent or paired
variables) and the t-test. The analysis of variance analysis were performed
when indicated as well as univariate and multivariate linear regression. Pearson
and Spearman correlation tests were also performed, again according to the
distribution of variables distribution. 95% confidence intervals (95% CI) and
interquartile range (IQR) were calculated accordingly.

Ethical issues

All ethical and legal aspects regarding the research phases were
respected following resolution 466/2012 of the National Health Council, which
contains guidelines and regulatory standards for research in humans. The study
was approved by the Ethics and Research Committee of the Federal University
of Piaui under the number 2.445.708. To preserve the participants’ anonymity,
they were identified only according to the research enrollment number.

RESULTS

A total of 136 patients with VL measured CRP before treatment, and
128 measured it at day 30 due to seven deaths and only one loss of follow-up.
Among those who started the follow-up, 34.6% were under five years of age,
while 9.6% were over 50. Most were men (73.5%) and 17/136 (12.5%) had HIV
coinfection. Most were diagnosed by bone marrow parasitology tests (89/114,
78.1%) rather than by serology although all 57 immunochromatographic tests
were reagent. No PCR was requested. Regarding disease severity, the Kala-Cal
software indicated that 25.0% had a chance of death above 10%. However,
only seven patients died (5.2%) (Table 1).
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Table 1. Characteristics of the study population.

Characteristics Number Percent (95% CI)
Age group (years)

<2 26 19.2 (12.9 - 26.7)

2<5 21 15.4 (9.8 - 22.6)

5<18 22 16.2 (10.4 - 23.5)

18 <50 54 39.7 (314 -48.5)

>50 13 9.6 (5.2-15.8)
Sex

Male 100 73.5 (65.3 - 80.7)

Female 36 26.5(19.3 -34.7)
HIV coinfection

No 119 87.5(80.7 - 92.6)

Yes 17 12.5(7.5-19.3)
Bone marrow direct examination or culture for the presence of Leishmania sp

Positive 86 77.5 (68.6 - 84.9)

Negative 25 22.5(15.1-31.4)
Chance of death above 10%°

No 102 75.0 (85.2-96.2)

Yes 34 25.0 (22.2 -40.1)
Death

No 129 95.9 (89.7-97.9)

Yes 7 52(2.1-10.3)

CI: confidence interval for binomial proportions (exact Clopper—Pearson method).
*As estimated by the prognostic software Kala-Cal (available at www.sbmt.org/

kalacal/).

Only three patients died before the 30" day and had no CRP measured
at this time. Four died afterward but the precise day of death was not known.
All those who survived and returned to follow-up (early survivors) improved
substantially with the anti-Leishmania drug. Weight increased by about 1.6Kg
on average. While almost all patients had splenomegaly at the diagnosis, only
40/108 (37%) had palpable spleen at day 30. None had any claim or observed
hemorrhage or bacterial infection on the 30" day, while hemoglobin improved
noticeably and WBC and platelets returned to reference values (Table 2).
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Table 2. Clinical characteristics before and after the anti-Leishmania treatment.

Clinical characteristic Before treatment After treatment
Weight in kg, mean 34.7 36.3
(95% CI) (30.1 -39.3) (31.5-41.1)
Percent with splenomegaly 97.3 37.0
(95% CI) (92.4-99.4) (27.9 - 46.9)
Percent with hemorrhagic events 23.7

None
(95% CI) (16.9-31.7)
Percent with bacterial infections 15.1

None
(95% CI) (9.6-22.2)
Hemoglobin in g/dL, mean 8.3 11.6
(95% CI) (8.0-8.7) (11.3-11.9)
WBC in number of cells/mL of blood, mean 3,843.2 7,557.0
(95% CI) (3,413.2-4,273.3) (6,903.9 - 8,210.2)
Neutrophils in number of cells/ml of blood, mean 1,687.2 3,378.0
(95% CI) (1,583.4 - 1,794.8) (3,143.7 - 3,612.3)
Platelets in number of cells/ml of blood, mean 122,842.4 285,317.6
(95% CI) (109,071.4 - 136,613.5)  (263,640.8 - 306,994.4)

CI: Confidence interval; WBC: White blood cells; g/dL: grams per deciliters; kg: kilograms; mL: milliliters.

There were no associations between CRP concentration with age,
sex, weight loss, HIV-infection, spleen size, bleeding, bacterial infection,
disease severity, hemoglobin, WBC, platelets, serum albumin, and alanine
aminotransferase, neither before treatment, at hospital admission, nor after
anti-protozoal treatment, 30 days later. It is worthy of mentioning, however,
that CRP was higher among survivors (median 66.5mg/l vs. 38.7mg/l) and
among those with positive parasitology tests (median 65.8mg/I vs. 48.6mg/l),
albeit with p-values of 0.069 and 0.079, respectively (Data not shown).

CRP was very high before treatment but became much lower 30 days
later. The median and mean before treatment were 63.4mg/L and 88.8mg/L,
respectively. Thirty days later, the median and mean fell 13 and 10 times,
respectively, to 5.0 mg/L and 8.9 mg/L. Sensitivity (proportion with values
above the reference) was 97.8% (95% CI: 93.7-99.5) before, but only 14.1%
were still above the reference value of 10.0 mg/L at the 30" post-treatment
day, e.g., 85.9% who had VL and were treated 30 days earlier had a normal
concentration of CRP in the sera (test’s specificity) (Table 2).

By regression analysis, correlation of CRP before anti-protozoa
treatment and 30 days later was significant (p<0.001, adjusted R*=0.11) albeit
with weak Spearman’s correlation coefficient (tho=0.2, p-value=0.024) (Figure).
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Table 3. Median, mean and proportions of normal and high values of C-reactive
proteins before and 30 days after the anti-Leishmania treatment.

CRP CRP 30
Measure of CRP” before Interval days after Interval
treatment treatment
Median (mg/dL) 63.4 Q,Q:34.1-141.5 5.0 Q,Q;:5.0-77
Mean (mg/dL) 88.5 95% CI: 75.7-101.3 8.9 6.9-10.8
Proportion with 22 95% CI: 0.5 - 06.3 85.9 78.7-91.0

normal values (%)

CI: confidence interval for binomial proportions (exact Clopper—Pearson method); CRP: C-reactive
protein; Q1, Q2: 1% and 3™ quartiles.

*Cut-off point = 10 mg/dl.
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Figure. Correlation of C-reactive protein measured at the diagnosis of kala-
azar and 30 days after the start of treatment.
Rho = 0.2; p-value = 0.024.
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DISCUSSION

This study is the first to show the excellent performance of CRP as an
adjunct test for the diagnosis of VL caused by L. infantum. It was performed in a
representative sample, including patients following the expected distribution by
sex and age, HIV infection, and severe disease. The research shows that CRP is
helpful for patients with VL caused by L. infantum as it is for the disease caused
by L. donovani in East Africa and South Asia (Wasunna et al., 1995; Singh et al.,
2011). Accordingly, as CRP was high in almost all patients before treatment, it
may help diagnose patients in whom parasites could not be detected.

Moreover, since patients with potentially lethal diseases like systemic
lupus erythematosus (SLE) and leukemia may have fever, pancytopenia, and
hepatosplenomegaly, similarly as in VL, any delay in diagnosis by assuming
the diagnosis of VL based solely on clinical data or on serology can be
catastrophic (Cunha, 2015). However, CRP usually is low in these diseases
(Pepys & Hirschfield, 2003; Kilicarslan & Uysal, 2013). Thus, low levels of
CRP in patients with the typical symptoms of VL indicates that this disease is
less likely, and other suspicions should be raised. Women are at particular risk
of misdiagnosis since they are less likely than men to get VL and are more likely
to develop SLE (Rivas-Larrauri & Yamazaki-Nakashimada, 2016).

Among the 30 days survivors, there was a regular improvement of the
clinical variables. However, almost a third of them remained with the palpable
spleen, which was not associated with CRP levels. Similarly, signs, symptoms,
and laboratory data at admission and the residual manifestations on the 30 day
were also not associated with CRP (Pepys & Hirschfield, 2003; Black et al., 2004;
Janciauskiene et al., 2011). VL’s most typical clinical manifestations are fever,
anorexia, wasting, paleness, edema, hepatosplenomegaly, loose stools, jaundice,
bleeding phenomena such as bruising, and bacterial coinfections. Regularly, the
laboratory changes are microcytic, hypochromic, anemia (iron deficient pattern),
leukopenia with neutropenia, thrombocytopenia, hypoalbuminemia, polyclonal
hypergammaglobulinemia, increased liver enzymes, and conjugated bilirubin,
and prolonged coagulation tests (Kager & Rees, 1986; Costa et al., 2016; Burza
et al., 2018). The injection of CRP to healthy volunteers resulted in no clinical
manifestations, albeit generating a proinflammatory and procoagulant status ,
suggesting CRP itself is not a cause of clinical manifestations of VL (Bisoendial,
2005; Bisoendial et al., 2005).

However, other acute-phase reactants would contribute to disease. For
instance, an increase of fibrinogen and other procoagulant proteins, on the one
hand, and reduction of anticoagulants such as thrombomodulin, on the other
hand, would promote the bleeding phenomena and changes in coagulation tests,
as seen in VL (Davidson, 2013). Hepcidin would retain iron and contribute to
iron-deficient anemia (Sangkhae & Nemeth, 2017), and hypoalbuminemia
explains the edema present in the most severe disease case (Soeters et al., 2019).
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Acute phase reaction is triggered mainly through the action of IL-6 on
its IL-6R and gp-130 receptor complex on the surface of hepatocytes, leading to
transduction signals, which result in activation of the acute-phase genes (Black et
al., 2004; Janciauskiene et al., 2011; Hunter & Jones, 2015). Further, IL-6 broader
actions mimic some abnormalities seen in VL. This interleukin activates tissue-
factor expression, the main trigger of the disseminated intravascular coagulation
(DIC) perceived in severe VL (Blount et al., 1980; Lomtadze et al., 2005; Costa
et al., 2013; Boukhris et al., 2015). It promotes wasting and cachexia by inhibiting
hunger and increasing muscular catabolism, and B-cell activation and proliferation
results in hypergammaglobulinemia (Hunter & Jones, 2015), hence the well-known
“albumin-globulin inversion” characteristically seen in VL (Thakur et al., 1981;
Kumar et al., 2018). Therefore, the data shows that, indeed, CRP by itself does not
seem to contribute to disease significantly but is instead a less critical, a marker
of a broad innate response with many actors that promote the symptoms of VL.
However, this conclusion does not diminish at all the potential role it may have
on host defense against L. infantum infection (Black et al., 2004; Laurenti et al.,
2004; Janciauskiene et al., 2011) since the lower concentration of CRP among the
deceased patients in this study suggests such a role.

The weak association of post-treatment CRP concentration shows that
CRP varies widely in VL, partially due to within-individual variation (Bower et
al., 2012) and the burden of parasites (Ansari et al., 2007). The weak but noticeable
positive association of CRP with the identification of parasites in the bone marrow
would suggest that the more parasites are present in bone marrow, the more CRP is
secreted (Wasunna et al., 1995b; Singh et al., 2011). The association of CRP with
IL-6 in VL caused by L. donovani has already been demonstrated (Ansari et al.,
2007; Pourcyrous et al., 1998), but the relationship of IL-6 with parasite burden
is missing (Verma et al., 2010). Inter and within-individual variation (Verschuur
et al., 2004; Bower et al., 2012), distinct study populations, and methodological
asymmetries could justify the absence of a clear path of IL-6, acute-phase response,
and L. infantum parasite burden, indicating a well-designed study with this purpose
should be carried out.

The most interesting for VL diagnosis is the CRP sensitivity when measured
at the diagnosis and the specificity when measured after cure. The high concentration
of CRP before treatment and the high proportion of patients with abnormal values
indicates that the test is quite helpful for diagnosing VL caused by L. infantum as
patients with fever and splenomegaly and normal values of CRP seldom have VL.
In addition, the study reveals that CRP is valuable also as a marker of cure, since
the value fell dramatically after 30 days and most cured patients have abnormal
values, confirm its value for following-up patients after treatment, as previously
demonstrated (Wasunna et al., 1995; Singh et al., 2011), and should be used as a
routine. However, the CRP value for identifying relapses in HIV-coinfected patients
deserves further investigation since, albeit none relapsed, few HIV-infected patients
were studied and the followed-up period was too short to detect relapses.
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The principal study limitation is the short period of follow-up. A more
extended period would certify the patients were cured; therefore, the test
specificity would be better evaluated. The data suggest that CRP does not have a
prominent role in symptoms of VL caused by L. infantum and seems not to be a
marker of disease severity. On the other hand, the study decisively demonstrates
the role of CRP as an additional, parallel test for the differential diagnosis and
follow-up of VL caused by L. infantum and should be routinely required for the
diagnosis and follow-up.
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