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1 | INTRODUCTION

Abstract

Chikungunya virus (CHIKV) is an arbovirus (Togaviridae family, Alphavirus genus) that
was first identified in 1953 in Tanzania. In 2014, the Asian and East/Central/South/
African (ECSA) genotypes were identified in Brazil, although the genotype that
spread the most in the following years across the Brazilian territory was the ECSA.
The clinical symptoms associated with the infection caused by CHIKV include mainly
fever, myalgia, headache, and arthralgia. In infections caused by other arboviruses
(such as the ones caused by Dengue and West Nile viruses), changes in biochemical
markers are often observed. This study aims to evaluate the biochemical markers
profile of kidney and liver injury in acute patients infected with CHIKV. Two groups
of correlations were found between the variables analyzed, namely, one between
liver enzymes (r = 0.91), and another for kidney markers (r = 0.54-0.66). A significant
elevation in the percentage of altered creatinine in CHIKV-infected patients was
observed, followed by uric acid and AST. Altogether, in 8 different comparisons, it
was possible to observe statistically significant differences between the levels of the
markers when compared to the manifestation of symptoms (presence and absence).
These noticeable changes in marker measurements could potentially be connected

to the range of clinical symptoms seen in the disease.
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transmitted to humans during feeding of infected Aedes mosqui-

toes.*> The viral genome consists of a single positive-strand RNA

Chikungunya fever is an acute febrile illness associated with severe

and debilitating polyarthralgia®?

caused by the Chikungunya virus
(CHIKV), which belongs to the Togaviridae family and genus

Alphavirus, discovered in the 1950s in Tanzania.> The virus is

molecule, 12kb, with a 7-methylguanosine cap at the 5’ UTR
(untranslated region) and a polyadenylated region at the 3' UTR, and
the coding region includes two ORFs (open reading frames) coding
for nonstructural and structural proteins, respectively, all of which are
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arranged as a 5'-cap-nsP1-nsP2-nsP3-nsP4-(junction-region)-C-E3-
E2-6K-E1-poly(A)-3'.6

Evolutionary analysis based on genomic sequences suggested
that the CHIKV can be subdivided into three genotypes: (i) Asian, (ii)
East/Central/South/African (ECSA), and (i) West African.””° In
2004, CHIKV re-emerged and spread to new regions, such as Europe,
and caused millions of infections throughout countries in the Indian
subcontinent.”** It has been proposed that the introduction of
CHIKV into new areas and its current worldwide distribution have
been facilitated by: (i) the high attack rates associated with high levels
of viremia in infected human patients'?; and (ji) the high competence
of the Aedes spp. vectors, responsible for transmitting CHIKV in
epidemiologic settings.**371” In Brazil, the first cases identified are
from 2014, when the ECSA and Asian genotypes were identified
simultaneously,*® however, the vast majority of cases subsequently
identified were characterized as belonging to the ECSA
genotype.182!

Serum levels of the liver enzymes alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) are elevated in several
diseases, such as chronic viral hepatitis, nonalcoholic fatty liver
disease, autoimmune hepatitis, hemochromatosis, and alcoholic liver
disease.?"2* On the other hand, creatinine and urea are renal
markers that indicate renal injury levels.?> Moreover, high levels of
uric acid are a well-established risk factor for gout and renal
perturbations.z'ﬁ"27 In some arbovirus infections (such as those
caused by the Dengue virus), muscular dysfunctions occur in infected
patients and correlate with high blood levels of creatine kinase (CK),
an enzyme that indicates muscular lesions.?® Likewise, CHIKV infects
progenitor muscular cells, which are associated with muscle tissue
damage.?’ In other infections caused by arboviruses, such as Dengue
virus (DENV) and Yellow Fever virus (YFV), changes in the liver
enzymes are observed due to viral tropism towards hepatocyte cells,
which causes cell death. Moreover, an increase in ALT and AST levels
is observed in the serum samples. Although clinical studies have
evidenced severe complications during CHIKV infection,*° little is
known about the quantitative distribution of these markers in
infected patients. Here, we described the course of infection
in CHIKV-viraemic patients (n=85), comparing the clinical and
laboratory findings to evaluate: (i) hepatic enzymes, such as alanine
aminotransferase and aspartate aminotransferase (ALT and AST); and
(ii) renal markers, such as urea, creatinine, and uric acid.

2 | MATERIAL AND METHODS
2.1 | Ethical statement

This study is part of a project for arbovirus research initiated in
Sergipe State, Brazil, approved by the Ethics Committee of the
Department of Microbiology of the Institute of Biomedical Sciences
of the University of Sdo Paulo (Protocol 1284/CEPSH - CAAE:
54937216.5.0000.5467). Informed consent was provided and
obtained from all research subjects enrolled in the study.

2.2 | Patients and samples

The samples were collected from symptomatic human patients in
Sergipe State, Brazil, in February 2016. Serum samples were
collected using vacuum tube systems after a garrotting period of
1 min or less. Five ml of total blood was collected in a dry tube
without additives. After clot retraction, the samples were centrifuged
at 3000 rpm for 10 min at room temperature. Samples were stored at
-80°C.313% All samples were classified and cataloged, including

clinical and demographic information from each patient.

2.3 | Molecular diagnosis

The CHIKV RNA identification was previously confirmed by
RT-qPCR19 using the protocol previously validated. The viral RNA
was extracted using the QlAamp Viral RNA Mini Kit (Qiagen,
Valencia, CA, USA), and the molecular detection of CHIKV RNA34
was performed with the use of the Quantitative RT-PCR ReadyMix™
reagents (Sigma-Aldrich, St. Louis, MO, USA). The RT-qPCR reactions
consisted of a step of reverse transcription at 44°C for 30 min
followed by enzyme activation at 94°C for 2 min, and 40 cycles at
94°C for 15 s and 60°C for 1 min for hybridization and extension with
the use of ABI7500 equipment (Thermo Fisher Scientific, Waltham,
MA, USA).

2.4 | Biochemical analysis

The biochemical analysis was performed on a fully automatic analyzer
Cobas® 6000 module (Cobas C501, Roche Diagnostics International
Ltd., Rotkreuz, SWZ), using kits provided by Roche Diagnostics
International Ltd. The dosage of the biochemical profile was made by
Kinect enzymatic and colorimetric methods as dictated by Roche
Diagnostics International Ltd.3>~%?

2.5 | Statistical analysis

We performed the correlation analysis between the CHIKV Ct values
and the measurements of the renal markers and liver enzymes to
determine the degree of relationship among these variables. We also
performed descriptive statistical analysis to estimate the percentage
of changes observed for each marker or their combination in renal
markers and liver enzymes. The Shapiro-Wilk normality test was used
to guide the analytical strategy. The two-sample t-test was
conducted if both samples had passed the preliminary Shapiro-Wilk
test for normality; otherwise, we applied Mann-Whitney's U test,
assuming a significance level of 0.05, to evaluate the clinical profile of
the patients in comparison with the measurements obtained from
renal markers and liver enzymes. The analyses were performed using
R programming version 4.2.2 and RStudio version 2023.06.0 + 421,4°
and the R scripts are available upon request.
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2.6 | Experimental design

The inclusion of controls would undoubtedly provide an ideal choice
for a baseline for the study. However, due to the observational
nature of this fieldwork, we collected samples from symptomatic
patients, as determined by the MD in loco, and only did clinical exams
on CHIKV PCR-positive patients. But to establish a much-needed
parameter for comparison we used the canonical and well-
established clinical diagnostic reference values that, therefore, fulfill
an equivalent function as that of the bonafide control for establishing
a baseline (the range considered altered or normal). Furthermore, we
used the gathered information on symptoms during sample collec-
tion, and one could assume that baseline information is also provided
within this positive group for Chikungunya, for each symptom
studied, which allows us to obtain comparisons. All data involved in
the development of the study will be made available by the authors
upon request.

3 | RESULTS

We evaluated the biochemical profile in serum samples from 85
acute CHIKV viraemic patients, confirmed by RT-gPCR, which also
presented headache, fever, joint pain, and myalgia.'? The quantitative
data obtained for the markers considered in the study (urea,
creatinine, uric acid, AST, ALT, and the Ct value obtained for viral
RNA detection) revealed the existence of two correlation groups: one
for the group of enzyme liver markers (AST and ALT) and the other
for the group of renal markers (urea, creatinine, and uric acid)
(Figure 1A). Based on these findings, we considered two types of
classes: (i) changes in liver enzymes (AST Reference Range [RR]: Male:
<40 U/L, Female and child: <32 U/L; ALT RR: Male: <50 U/L, Female
and child: <35 U/L), and (ii) changes in renal markers (Creatinine RR:
Male: 0.70-1.20 mg/dl, Female and child: 0.40-0.60 mg/dl; Urea RR:
17-49 mg/dl, and Uric Acid RR: Male: 3.4-7.0 mg/dl, Female and
child: 2.4-5.7 mg/dl). This class considered in combination with the
union of patients who have one or more of these alterations (renal or
hepatic alterations), indicated that alterations in renal markers are
more frequent (83.5%) than alterations in liver enzymes (32.9%). The
biochemical profiles obtained indicated: (i) alteration in the creatinine
levels in 65/85 (76.5%) patients; (ii) AST altered in 27/85 (31.8%)
patients; (i) ALT elevated in 6/85 (7.1%) patients; (iv) altered urea
observed in 11/85 (12.9%) patients; and (v) 30/85 (35.3%) patients
that presented alteration in levels of uric acid (Figure 1B).

No significant differences were found when addressing the
distribution of Ct values and the days after the onset of symptoms
when compared to changes in renal markers and liver enzymes,
although there is a tendency of difference to the renal markers
(altered and non-altered) considering the duration of symptoms
(p =0.05789) (Figure 1C-F). When considering the highest values of
the Pearson's correlation coefficient, among correlations for renal
markers, patients with or without alteration overlap, while for liver

enzymes, two well-defined and distinct data points clusters in the
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graphs (Figure 1) occur in the CHIKV-positive patients, considering
alteration and absence of alteration in these (Figure 1G-J).

Exploring the clinical presentation of the symptoms and the
markers measurements, statistically significant differences (i.e., with p-
values less than 0.05) were observed in 8 comparisons (Table 1). It was
found that the presence of symptoms was directly associated with the
marker levels, including headache and creatinine (p =0.0335), fever
and uric acid (p=0.0145), and hemorrhagic signs and uric acid
(p=0.0195). On the other hand, the presence of symptoms was
negatively associated with the levels of the markers analyzed in five
comparisons, including rash and urea (p = 0.0144), rash and creatinine
(p =0.0461), vomiting and AST (p = 0.0208), abdominal pain and AST
(p =0.0444), and vomiting and ALT (p = 0.0490) (Figure 2).

4 | DISCUSSION

The CHIKYV infection causes several clinical manifestations, such as
headache, fever, joint pain, and myalgia.'?***? In general, the
manifestations overlap with those observed in the infections caused
by other arboviruses, including ZIKV and DENV.*® Consequently,
accurate predictive clinical diagnostics based on symptoms are
difficult.** In this context, biochemical clinical exams, usually
performed in clinical laboratories, can be of great importance to
characterize the patient's physiological profile and also to collaborate
at the beginning of the patient's symptomatic treatment.*>#¢ Here,
our results indicated that the biochemical parameters showed
alterations in all parameters analyzed, with alterations in renal
markers being more frequent than in liver enzymes. Nevertheless,
the correlation and organization between the alteration profile and
the absence of alteration are more noticeable in the distinctions of
patterns of data points clustering in the graph(s) of these patients.
However, this can be justified by: (i) the reference values are more
distinct in renal markers according to the patients; (ii) most of the
CHIKV-positive patients have renal alterations.

Creatinine alterations are indicative of severe renal impair-

t.*” However, creatinine is also a product of the degradation of

men
muscular creatinine. This could help explain why we obtained a high
level of this metabolite in the serum of the infected patients. It is
known that CHIKV can replicate in muscular cells,?? causing intense
cell lysis and elevating creatinine levels in the bloodstream, which will
be later converted into creatinine and excreted by the kidneys.2?#¢4?
Another hypothesis could be that CHIKV can cause renal lesions,
causing a renal function imbalance during infection, as observed in
murine models. Fittingly, CHIKV is known to replicate in baby
hamster kidney cells (BHK-21 cells) and was found in urine samples,
suggesting a possible viral replication in the kidney.*®**° Moreover,
the virus was found in the urine and semen of patients during
infection, which is also suggestive of renal tropism.>%>* Although the
frequency of alterations was much lower for liver markers, they had a
higher correlation than all the others, and better spatially organized.
In severe cases of infection caused by CHIKV, the liver appears to be

an organ involved in this outcome.>%>2
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FIGURE 1 Evaluation of renal markers and liver enzymes in the studied patients (n = 85). (A) Pearson's correlations comparing the levels of
renal markers, liver enzymes, and Ct values obtained for the RNA detection of Chikungunya virus (CHIKV); (B) Relative frequency for changes
observed in the studied population, considering each condition considered (changes in renal markers, changes in liver enzymes, changes in uric
acid levels, changes in creatinine levels, changes in urea levels, changes in ALT levels, changes in AST levels). The green color represents an

absence of alteration, and the orange color represents the presence of alteration. Boxplot graphs showing the profile of the biochemical tests
compared with the Ct values obtained to the CHIKV RNA (C and D). The green color represents an absence of alteration, and the orange color
represents the presence of alteration. Boxplot graphs showing the profile of the biochemical tests compared with the duration of the symptoms
in days (E and F). The green color represents an absence of alteration, and the orange color represents the presence of alteration. (G-J) Pearson
correlations comparing the correlation levels of renal markers and liver enzymes, showing the pattern of the samples considering the presence
and absence of alteration - Urea versus Creatinine (G), Uric acid versus Creatinine (H), Urea versus Uric acid (1), and AST versus ALT (J). Boxplots
represent the 75th percentile, median, and 25th percentile, and the whiskers extend to the highest and lowest value in the 1.5x interquartile
range. The class presence and absence of alteration, were established based on reference range values for identifying these markers, which are
as follows: to the liver enzymes (AST Reference Range [RR]: Male: <40 U/L, Female and child: <32 U/L; ALT RR: Male: <50 U/L, Female and

child: <35 U/L), and to the renal markers (Creatinine RR: Male: 0.70-1.20 mg/dl, Female and child: 0.40-0.60 mg/dl; Urea RR: 17-49 mg/dI, and

Uric Acid RR: Male: 3.4-7.0 mg/dl, Female and child: 2.4-5.7 mg/dl).

The assessment of renal markers further revealed noteworthy
irregularities within the studied patient group, presenting captivating
findings. In our study, patients who had a headache had considerably
higher values of creatinine than those who did not have a headache.
In the infection caused by SARS-CoV-2, the presence of headache at

the beginning is associated with milder disease conditions and was
directly associated with D-dimer and creatinine levels.>* Notably,
statistically significant deviations in uric acid levels came to light
specifically among patients presenting with fever. This observation
with established clinical individuals

aligns knowledge,>® as
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TABLE 1 Statistical analysis of clinical manifestations and the measures obtained to the hepatic and renal markers.
Urea Creatinine Uric Acid AST ALT
Clinical symptoms n p-value p-value p-value p-value p-value
Fever 77 0.1147 0.2576 0.0145* 0.1871 0.4631
Headache 85 0.4568 0.03353* 0.1182 0.146 0.4012
Myalgia 85 0.2089 0.07909 0.5505 0.5145 0.6233
Joint pain 85 0.1841 0.3374 0.7919 0.701 0.2838
Asthenia 85 0.657 0.2956 0.282 0.3903 0.5336
Hemorrhagic Signs 85 0.9917 0.11 0.01952* 0.5821 0.3342
Meningoencephalitis 85 0.1717 0.3698 0.4882 0.3588 0.1918
Vomiting 85 0.9009 0.2221 0.0612 0.02077* 0.04904*
Retro-orbital pain 85 0.1735 0.08427 0.1456 0.4548 0.7703
Abdominal pain 85 0.5418 0.6929 0.1526 0.04435* 0.3662
Rash 85 0.01439* 0.04608* 0.07381 0.4648 0.3481
Itching 85 0.7188 0.9299 0.6862 0.3371 0.7714
Note: Significant values are highlighted by an asterisk (*p-value < 0.05).
(A) Rash vs Urea (B) Headache vs Creatinine (C) Rash vs Creatinine (D) Fever vs Uric acid
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FIGURE 2 Differentially identification markers in comparison with the presentation of the symptoms. Boxplot graphs showing the profile of
the biochemical tests compared with the presence and absence of symptoms (A-G). The green color represents the absence of symptoms, and
the orange color represents the presence of the symptoms. Boxplots represent the 75th percentile, median, and 25th percentile, and the

whiskers extend to the highest and lowest value in the 1.5x interquartile range.

undergoing febrile states due to chronic or reactive inflammatory
conditions often display fluctuations in this specific marker. Uric acid,
which results from purine metabolism, tends to surge during
instances of inflammation.® This surge prompts an increased
synthesis of cytokines and other inflammatory mediators, conse-
quently setting off a cascade of adjustments in metabolic pathways,
including alterations in nucleotide catabolism.>®°” The association
between the presence of hemorrhagic signs and increased uric acid
levels needs to be treated with care, as only four of the 85 patients

reported having any type of hemorrhage. In the literature, this indeed
seems to be a possible association, such as, for example, reports of
uric acid crystals being found in cases of hemorrhage.2¢°85?

The presence of gastrointestinal symptoms (GIS) (including
vomiting or abdominal pain) was significantly associated with lower
AST and ALT levels. However, this needs to be treated with caution,
as it was a small number of patients who showed a large numerical
change in these values. Interestingly, there is an inverse relationship

between low levels of urea and creatinine when compared to the
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presentation of rash in the population. A rash is a clinical feature
associated with exanthematous viruses and is even associated with
the clinical condition caused by the Zika virus (ZIKV).5%¢!

Despite our hypotheses, drawing from our findings, a compelling
suggestion can be made that the modifications in liver and renal
biochemical markers manifest during Chikungunya infection. Particularly,
these changes are more prominent in the renal markers when contrasted
with the liver enzymes. The study is unprecedented because the cohort
studied shows variability in age and gender, in addition to the fact that
CHIKV infection was discovered during diagnostic research for ZIKV, two
viruses that have shown previous interwoven transmission in the Pacific
region. In addition, we focused on the study of biochemical parameters
that were not yet described in the literature in the context of the CHIKV
infection, and we showed several changes during the disease. These
discernible shifts in measurements hold the potential to be linked to the
clinical spectrum of the disease manifestation. In conclusion, we humbly
believe that the information we provide is of relevance. It does not try to
establish irrefutable proof but rather to shed light on relevant potential
issues of CHIKV pathogenesis in humans by suggesting further research

topics and focal points for potential treatment improvement.
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