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Introduction

Dengue is the most common cause of arboviral disease globally.
Around 2.5 billion people in 125 endemic countries are believed to
be susceptible [“?. Infection with the dengue virus (DENV) results
in an undifferentiated viral fever like illness to “severe” dengue
(Group C), as categorized by World Health Organization (WHO) in
2009, which includes the dengue hemorrhagic fever (DHF) and
dengue shock syndrome (DSS) ..

Involvement of the liver leading to hepatic dysfunction is a
well-recognized complication of dengue ““. The spectrum of
involvement includes asymptomatic elevation of hepatic
transaminases (anicteric hepatitis) to the occurrence of acute liver
failure 781 Severe elevation of liver enzymes may be confused
for acute viral hepatitis A, B, or C. There have been few studies on
the hepatic dysfunction in dengue fever in adults from the eastern
part of the country. Hence, we under took this study during a recent
outbreak of dengue fever in Jamshedpur with an aim

1. To evaluate the clinical and biochemical profile of liver
involvement
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2. To find the association between the severity of hepatic
dysfunction and morbidity and mortality in the admitted
patients.

Methods and materials

This was a prospective observational study. Patients diagnosed
with dengue fever from January 2018 — December 2019 were
recruited by consecutive sampling method. The study population
constituted patients admitted in the medical wards, and critical care
unit in Tata Main Hospital, Jamshedpur. The study participants
who fulfilled inclusion criteria were included.

Inclusion criteria

1. Patients with age > 12 year, both sexes

2. Any febrile illness of < 5 days with clinical features of
myalgia, arthralgia, headache, retro-orbital pain, skin
rash, bleeding from any site with NS1 antigen positive by
ELISA and/or IgM antibody detected by ELISA / card
test
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Exclusion criteria
Patients with other diseases causing deranged liver function like

1. Malaria

2. Alcoholic liver disease

3. Patients with known chronic liver disease

4. NS1 antigen positive only by card test and negative by
ELISA

5. Pregnant females

Methodology
Informed consent was taken from all the subjects. Demographic
characteristics, clinical features like the history of onset of illness,
progression, duration of various symptoms were noted. General
physical examination with recording of the vital parameters were
done every eight hours a day. Blood investigations done included
complete blood picture including platelet count, liver function tests
(serum bilirubin, Alanine aminotransferase (ALT), Aspartate
aminotransferase (AST), Alkaline Phosphatase (ALP), serum
proteins (albumin and globulin), prothrombin time, international
normalized ratio (INR) and blood urea and serum creatinine. These
were done using automated biochemical analyzers, on the day of
admission and repeated every 48 hours till discharge or death.
Chest radiography, ultrasound examination of chest and abdomen
with pelvis were done for evidence of capillary leak on the first or
second day of admission and repeated if needed.

Severity of dengue infection was classified according to the
2009 WHO guidelines ©!. Accordingly, patients who had detectable
fluid in the pleural cavities by ultrasound scanning with respiratory
distress, severe bleeding, shock (Dengue shock syndrome) or who
had liver transaminases above >1000/1U were grouped as having
Severe Dengue (SD). Those who had dengue with warning signs or
without warning signs were classified as having non-severe dengue
(NSD).

Grading of the liver injury [°!

® Male 2
a
w
B Female o
®

Grade A - Normal liver function tests

Grade B - At least one of the enzymes raised up to 2 times the
ULN (upper normal limit)

Grade C - One of the enzymes raised to >2 X ULN to 10 X ULN
Grade D - At least one of the enzymes >10 X ULN/evidence of
liver failure/ hepato-renal involvement (high creatinine)

The degree of hepatic dysfunction and the various outcomes were
compared.

Outcomes measured were length of stay (LOS), complications like
Dengue Hemorrhagic Fever (DHF), Dengue Shock Syndrome
(DSS), thrombocytopenia, Acute Respiratory Distress Syndrome
(ARDS), Acute Kidney Injury (AKI) and Disseminated
Intravascular Coagulation (DIC) and mortality.

Statistical analysis

The qualitative variables are described in the form of proportions
and quantitative variables are described in the terms of mean,
median, range and standard deviation. Data was checked for
normality before applying appropriate tests of significance. Data
analysis was done with Statistical Package for Social Sciences
(SPSS IBM) version 21.0. Required univariate and bivariate
analysis were done. Significance of difference in means was
calculated using independent t test and Chi square tests.
Significance of p value was taken as p<0.05. Ethical permission
was obtained from ethics committee for Post Graduate Studies,
Tata Main Hospital.

Results

A total of 175 subjects were enrolled, of which 92(52.6%) were
males and 83(47.4%) were females, male to female ratio being
1.1:1. Their age ranged from 16-70 years with mean (xSD) being
32 (£13.06) years. While 89 (50.9%) were in 16-30 years age
group, only 11 (6.3%) were beyond the sixth decade of life. The
age and sex distribution of cases is as shown in the Figure 1.
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Figure 1: Sex and age distribution of the cases (n=175)

Among the clinical manifestations, fever was the commonest
presentation and was found in 174 (99.4%) patients. Mean duration
of fever prior to hospital admission was 4.3+1.1 days. Macular,
erythematous rash, distributed all over the body was noted in 12
(6.9%) patients. Vomiting with nausea was the most common
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gastrointestinal symptom found in 84 (48%) patients followed by
abdominal pain in 45 (25.7%) patients, abdominal distension in 33
(18.9%) patients, diarrhea in 11 (6.9%) patients and gastrointestinal
bleed (black stools and coffee colored vomitus) in 13 (7.4%)
patients (Figure 2).
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Figure 2: Presenting symptoms of admitted patients (n=175)
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Figure 3: Hemorrhagic manifestations among the study participants. (n=175)

Bleeding manifestations seen were as depicted in the bar graph
above (Figure 3). Gastrointestinal bleed was the most common
hemorrhagic manifestation seen. Based on the 2009 WHO
guidelines, NSD was seen among 130 (74.3%) patients while SD in
48(28.5%) patients of which DHF was found in 26 (14.9%), DSS
in 19 (10.9%) patients while 3 (1.8%) had only elevation of
transaminases to more than 1,000U/L. The average duration of
hospital stay was 5.39 days. ICU admission was required in
13(7.4%) of study participants.

Profile of liver function tests during the hospital stay

Liver enzymes: Among the 175 participants, normal liver function
(Grade A) was found in 42 (24%), Grade B liver injury was found
in 85 (48.6%) patients, Grade C in 29 (16.6%) patients and Grade
D in 19 (10.9%) patients on admission (Figure 4). 7 (4%) patients
had elevation of ALT more than 1,000U/L while 11 (6.3%) patients
had AST elevation to more than 1000U/L. Elevation of both the
liver enzymes to above 1,000U/L was seen in 7 (4%) patients.

Severity of liver injury

B Grade A W GradeB mGradeC M GradeD
11%

48%

24%

Figure 4: Degree of elevation of liver enzymes (n=175)
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The average ALT and AST levels on admission were 204(+430)
U/L and 388(+933) U/L respectively while the maximum values
were 3413.7U/L and 5999.4U/L respectively. The peak levels of
liver enzymes were found from 5th to 9th day. On average, peak
liver enzymes levels were found on 6.6(x2.4) days. The peak
average (xSD) of ALT and AST levels were 272(+589) and
519(+1360) respectively while the maximum peak values of ALT
and AST seen were 4300.5U/L and 12,270U/L respectively (Figure
5). Levels then declined after 10th day of illness. Raised ALP
levels was seen in 46 (26.3%) study participants. All these patients

also had elevation of AST with or without rise of ALT. Average
ALP levels was 136 + 253 U/L. However, none of the patients
showed obstructive pattern of enzyme elevation. AST level was
elevated more than ALT in 112 (64%) of the patients while ALT
levels was more than AST in only 16 (9.14%) (OR=7, 95%CI 3.98
to 12, p < 0.0001). In the patients with elevated liver enzymes,
mean AST levels (393.6U/L) were found to be higher than mean
ALT levels (223.6U/1), the ratio of AST/ALT being >1. Both AST
and ALT levels at admission and peak levels, were much higher in
patients with SD than in those with NSD (Figure 5).
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Figure 5: Changes in serum transaminase levels throughout the course of illness in patients (n=175)

Table 1 shows the difference in clinical characteristics of patients
with normal and elevated liver enzymes. Duration of fever,
abdominal pain, bleeding manifestations, pleural effusion and
shock were significantly higher in patients with elevated liver
enzymes (P<0.001) while ascites was found only in patients with

elevated liver enzymes. Vomiting, however, though apparently
more common in patients with elevated liver enzymes, was not of
statistical significance (p=0.1). SD was significantly more common
in patients with elevated liver enzymes (p<0.0001). It was observed
that patients with normal liver enzymes had NSD (p<0.001).

Table I: Clinical characteristics of patients with normal and elevated liver enzymes

Clinical findings Elevated liver enzymes | Normal liver Odds ratio 95% ClI P value
(n=133) enzymes (n=42) (OR)
Duration of fever 5.6 + 3.5 days 2.4 £ 1.6 days 5.454 1.026 to 28.995 0.04
Vomiting 35 (21%) 49 (29.4%) 1.558 0.909 to 2.670 0.106
Abdominal pain 36 (21.6%) 14 (8.4%) 5.61 2.800t0 11.24 < 0.0001
Bleeding manifestations 22 (13.2%) 3(1.8%) 16 4,59 to 55.7 <0.0001
Hepatomegaly 21 (12.6%) 13 (7.4%) 3.52 1.645 to 7.549 0.0012
Pleural effusion 34 (21.7%) 0 (0%) 149.8 9.02 to 2488.1 0.0005
Shock 19 (10.8%) 3 (1.8%) 13.81 3.92 to 48.65 <0.0001
NSD” 10 (6%) 119 (68%) 0.181 0.088 to 0.373 <0.0001
sp* 45 (25.7%) 1 (0.6%) 98.18 13.19 to 730.7 <0.0001
NSD — Non-severe Dengue SD — Severe Dengue
Table 2: Pattern of elevation of liver enzymes in survivors and non-survivors
Sno Variables Mean + SD t value 95% CI P value
1. AST 5067 + 1452 11.91 399 - 3971 0.000001
Non-survivor 307 £ 672
Survivor
2. ALT 2291 +973 11.0 192 - 1742 0.00001
Non-survivor 168 £ 316
Survivor
3. ALP 344 + 47.8 1.413 -82.5 - 498.16 0.15
Non-survivor 136 £ 25.4
Survivor
4, Serum Albumin 26+0.74 -3.66 -2.05-0.616 0.00001
Non-survivor 3.9+0.62
Survivor
WWW.ijirms.in 307
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Higher levels of serum transaminases (both AST and ALT) were
significantly associated with mortality (P < 0.05) and hence, severe
Dengue (SD) while the ALP level though was apparently was
higher in non-survivors, the difference was not statistically
significant (p= 0.15) (Table 2).

Changes in serum bilirubin and albumin

Average total serum bilirubin level on admission was 0.85(+0.7)
mg/dl while the maximum value observed was 5.57 mg/dl. Only 4
(2.3%) patients had serum bilirubin >5 mg/dl on presentation. The
degree of rise in serum bilirubin did not correlate with the degree
of elevation of liver enzymes. International Normalized Ratio
(INR) was more than 3 in 3(1.7%) patients. Maximum value
observed was 5.64 while the average (xSD) was 1.68(+3.8). The
average (£SD) serum albumin levels on admission was 3.69(+0.53)
gm/dl. The serum albumin levels were significantly lower in non-
survivors, while the values were normal (2.6 + 0.74 vs 3.9 £ 0.62)
in those who survived (p=0.00).

Radiological assessment

Ultrasound of the abdomen revealed hepatomegaly in 34(19.4 %)
patients, splenomegaly in 13(7.4%) patients, ascites in 43(24.6%)
patients and gall bladder wall edema in 7(4%) patients. Ascites was

Table 3: Association of grading of liver injury with various outcomes

detected clinically in 13 (7.4%) patients and on ultrasound of
abdomen in 30(17.1%) patients. Chest radiography revealed pleural
effusion in 34(19.4%) patients and pulmonary edema in 6(3.4%)
patients. Ascites with pleural effusion was seen in all the non-
survivors (P<0.05) while were seen in 42 (24%) of the survivors
and 34 (19.4%) of the cases of SD.

Outcomes

172 patients recovered. 3(1.7%) patients expired resulting in case-
fatality rate of 1.8% of which 1 was male and 2 were females.
11(6.3%) patients with grade D liver injury required transfer to
ICU. Amongst the complications, DHF, DSS, AKI, DIC, ARDS,
MODS, bleeding complications and  thrombocytopenia
(platelets<50,000/cu mm) were seen respectively in 25(14.3%),
19(10.9%), 15(8.6%), 4(%), 6(3.4%), 3(2.3%), 24(13.7%) and
6(3.4%) of the patients. Complications such as DHF, DSS, AKI,
and thrombocytopenia were found to be significantly more with
higher grades of liver dysfunction while ARDS, DIC and multi-
organ failure (MODS) were seen only in patients with grade D
liver injury. This was found to be statistically significant by
Fischer’s exact test (p=0.00001). None of the above complications
were seen in patients with normal liver enzymes (Grade A) (Table
3 and Figure 6a-d).

Grading of liver injury
Sno Complication/outcome Grade B Grade C Grade D P value
(n=85) (n=29) (n=19)
1 DHF 2 (1.1%) 23(13.1%) 1 (0.6%) 0.00001
2 DSS 2 (1.1%) 7 (4%) 10 (5.7%) 0.00001
3 AKI 1(0.6%) 4 (2.3%) 10 (5.7%) 0.00001
4 Thrombocytopenia 2 (1.1%) 2 (1.1%) 4 (2.3%) 0.0001
(Platelets <50,000/cu mm)

Fischer’s exact test was used to calculate the P value.
HF — Dengue Hemorrhagic Fever, DSS — Dengue Shock
Syndrome, AKI — Acute Kidney injury

A comparison of number of days of hospital and ICU stay was
done between the four groups. It was found that longer duration of
hospital and ICU stay were significantly associated with higher
grades of liver dysfunction. (p value =0.030) (Table 4)

Table 4: Association between duration of stay and grades of liver involvement (N=175)

W DF (NSD) mDHF m DSS

0%

Variable Liver involvement grades p value
Grade A Grade B Grade C Grade D
N (%) N (%) N (%) N (%)
Duration of stay
4-5 days 17(40.5) 5(20) 17(19.1) 1(5.3) 0.030
6-10 days 25(59.5) 19(76) 71(79.8) 18(94.7)
>10 days 0 1(4) 1(1.1) 0
Grade A Grade B

M DF (NSD) m DHF DSS

2%
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Figure 6 (a-d): Correlation of grading of liver injury with the severity of Dengue fever (N=175)

Discussion

Dengue fever is an arboviral infectious disease with liver being the
commonest organ to be involved. Hepatic damage is due to direct
viral toxicity (viral cytopathy) or dysregulated immunologic
response to the virus *°!. Autopsies of fatal cases have confirmed
hepatocytes and Kupffer cells as the prime targets for DENV
infection 7,

Pathogenesis of hepatic injury in dengue is primarily a T
cell mediated process involving interaction between antibodies and
the endothelium, cytokine storm (cytokine “Tsunami”) and host
factors like genetic polymorphisms ™%, The kinetics of liver
enzyme elevation correlates with that of T-cell activation. In
addition, hypoxic insult to the liver due to hypoperfusion during
shock also plays a role in liver injury /. Post mortem studies done
in patients with SD have shown congested liver with hepatocyte
apoptosis and necrosis predominantly, in mid-zonal and
centrilobular areas, macrovascular steatosis and councilman bodies,
with little inflammation *'“. The spectrum of involvement
includes asymptomatic elevation of hepatic transaminases to acute
liver failure (ALF) . Although ALF is typically described in
patients with prolonged shock in SD, ALF can also occur in
absence of shock . This study aimed at studying the profile of
liver function tests and correlating the degree of liver dysfunction
with morbidity and mortality and hence, use them as prognostic
marker of the disease severity.

Liver damage has been found to be more common among
females in the large study from Brazil by de Souza LJ et al (74.6%
of females vs 52.2% of males) . However, studies by Soni A et al
[?] and Bagepally RS et al **! showed male preponderance (M:F
ratio 2:1 and 2.5:1 respectively). Our study also showed slight
overall male preponderance (M:F ratio 1.1:1) while the male to
female ratio in patients with hepatic dysfunction was 2.8:1.

Study by Mukherjee S et al revealed majority (69.5%) of
the cases were in the age group of 16 to 30 years while the mean
age was 27 years . Similarly 50.9% of the cases in our study
were in the age group of 16 to 30 years and the mean age was 32
(x13.06) years.

Clinical features of hepatic involvement found in various
series were abdominal pain (18% to 63%), nausea with or without
vomiting (49% to 58%) and anorexia (31% to 44%) 57 The
frequency of hepatomegaly in adult patients ranged from 4% to
52%. In a study by Saha AK et al, hepatomegaly was found in
49.8% of the patients and was significantly more in DHF than in
DF (p<0.01) ™ Our study also revealed similar observation.
Hepatomegaly was found in 34 (19.4%) of cases and with higher
grades of hepatic dysfunction. In a study by Chhina RS et al,
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hepatomegaly was more frequent in DSS group as compared to DF
group (45.5% vs 10.9%) (p<0.05) 27,

While clinical jaundice has been detected in 1.7% to 17%,
hyperbilirubinemia has been found in 48% of the patients in a
study by Karoli R et al from North India *. Only 6 (3.6%)
patients in our study had clinical jaundice, 5(3%) had serum
bilirubin > 5mg/dl while hyperbilirubinemia was detected in
14(8.2%) cases. 16.3% cases had serum bilirubin>5 mg/dl in the
study by Saha AK et al.[**

Literature review revealed that raised transaminase levels
was the commonest biochemical abnormality. Increased AST
levels was seen in 63% - 97% of patients, while raised ALT levels
in 45 - 96% of patients 792223 Elevation in AST was more than
ALT, more during the first week of infection, with a tendency to
decrease to normal levels within three weeks !, AST released
additionally from the damaged myocytes may explain the higher
levels of AST than those of ALT in these patients. Thus, increased
AST/ALT ratio is useful for differential diagnosis of acute hepatitis
caused by the hepatitis A, B or C viruses .. In a study by
Uchadadia S et al involving 200 patients, average AST levels
(171.27+190.03) were higher than average ALT levels
(144.71+162.77) '°". This preferential elevation of AST over ALT
was also noted in our study. Similarly, studies by de Souza LJ et al
221 Chhina RS et al *! and Soni A et al ' also showed a greater
elevation in AST than ALT levels.

Bagepally RS et al, in their study of 105 patients, found the
significant difference in the degree of elevation in the liver
enzymes in the survived (n=93) and non-survived group (n=12).
Mean value of ALT was 260U/L (survived group) and 931U/L
(mortality group), while the mean value of AST was 390U/L
(survived group) and 1075U/L (mortality group) “°. Similar
findings were seen in our study, though the degree of elevation of
AST and ALT in the non-survived group was far higher as seen in
table 4.

Study by Chandrashekar et al **! observed that the serum
albumin levels was significantly lower in confirmed dengue cases
(p<0.03). In a study by Chhina RS et al, it was found that the serum
albumin level was statistically lower in patients with DHF and DSS
as compared to patients with DF (p<0.01) “°. Our study also
showed a significant association between the severity of hepatic
dysfunction and low serum albumin levels.

Study by Uchadadia S et al showed high degree of
correlation between the degree of liver damage and complications.
It was observed that 77% of patients with DHF, 88% of patients
with DSS and those with hepatic encephalopathy and acute renal
failure had grade C and D hepatic damage . Similar results were
seen in a study by Khan NA et al in Saudi Arabia in 2008 where an
association was found between the complications and high AST
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levels °), The study by Kuo CH et al from Taiwan reported higher
risk of bleeding in patients with higher levels of AST and ALT ™7,
Kumar S et al, studied 100 patients of dengue fever and found that
AST and ALT levels were statistically higher in those developing
complications like ARDS, AKI, acute liver failure and
encephalopathy ?°). In our study, we found a significant correlation
between severity of hepatic dysfunction and complications like
AKI, ARDS, bleeding manifestations, shock and MODS (p<0.01).
Study by Soni A et al also found, the degree of rise of AST, ALT
and serum bilirubin was significantly higher in DHF and DSS, as
compared to DF 2. A study was done by Prashant VN et al
involving 100 patients, Gl bleed, ascites, jaundice and correlated
with elevation of transaminases and thus, severity of dengue fever
81 study by Ahmad A et al revealed increasing trend in
complications like septicemia, hepatic failure, hemorrhage, renal
failure and mortality with higher grades of hepatic dysfunction °/.

Conclusion

Hepatic dysfunction is a common feature seen in patients suffering
from dengue fever. In a patient with febrile illness, elevated AST
more than the ALT may give a clue to the possibility of dengue
fever. Peak rise occurs between fifth to ninth day of illness. Also,
the severity of hepatic dysfunction is seen to correlate with
mortality and morbidity parameters, with higher grades of hepatic
dysfunction being associated with higher rates of complications
such as DHF, DSS, ICU admissions, an increased length of
hospital stay and higher mortality. Elevation of liver enzymes can
therefore, be used for early recognition and prediction of severity
of dengue fever.
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