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ABSTRACT 

The non-structural 5B (NS5B) gene is the target region to 
identify hepatitis C virus (HCV) subtypes. However, it is not 

always possible to amplify this region because of inherently 
high sequence variability. Nucleotide sequences of the non-
structural 5A (NS5A) and NS5B genes and its concordance 
were determined from patients infected with HCV genotype 1 

(HCV-1). Among the 30 HCV-1 samples, 7 (23%) were identified 

as subtype 1a and 23 (77%) were identified as 1b by NS5A 
sequencing. Sequence analysis of the NS5B showed that 13 

(43%) were identified as 1a and 17 (57%) were identified as 1b. 
Out of the 13 samples identified as 1a by NS5B, 6 (46%) were 
correctly identified by NS5A. Of the 17 samples identified as 1b 

by NS5B, 16 (94%) were correctly identified by NS5A. The 
presence of glutamic acid (E) or aspartic acid (D) at position 
2225 in the NS5A differentiates 1a from 1b subtypes, 
respectively. This study showed that the NS5A sequencing can 

identify HCV-1a and 1b subtypes with predictive values of 86% 
and 70% of cases, respectively. The overall concordance with 
NS5B was 73%. NS5B sequence analysis remains to be the 

reference method to identify HCV-1 subtypes. NS5A 

sequencing may be used to complement NS5B sequencing in 
case the NS5B gene cannot be successfully amplified.       

 

Key Words: Hepatitis C virus, subtyping, non-structural 5A, non-

structural 5B, DNA sequencing  
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Heart Failure and Short Stature in a 43 year-old male

transferred to the intensive care unit (ICU) for ventilatory 

support and closer monitoring. On bedside cardiac ultrasound, 

there was a finding of eccentric left ventricular hypertrophy, 

global hypokinesia with depressed overall systolic function 

with concomitant spontaneous echo contrast on left ventricular 

(LV) cavity suggestive of rheologic stasis, the ejection fraction 

was 25%, with moderate mitral regurgitation, moderate 

aortic regurgitation with aortic sclerosis, severe tricuspid 

regurgitation with mild pulmonary hypertension, pulmonary 

regurgitation, and minimal pericardial effusion or pericardial 

fat pad. Cardiac enzymes were not consistent with an acute 

coronary event (Table 3), however, intravenous (IV) heparin 

(overlapping with oral warfarin) was still given to cover for 

the presence of a possible LV thrombus as demonstrated 

by rheologic stasis on cardiac ultrasound. Medications 

were shifted to IV diuretics and inotropes; oral digoxin was 

started. IV antibiotics were given for possible pulmonary 

infection. The patient later on showed improvement, and was 

eventually weaned off from ventilatory support, extubated, 

Table 1. Initial Laboratory Results

WBC
RBC
HGB
HCT
MCV
MCH
MCHC
RDW
PLT
RETIC
SEG
LYMPH
MONO
EO
BASO
BLAST

CBC

Reference 
Value
5-10
4-6
120-150
0.38-0.48
80-100 FL
27-31 PG
320-360 G/L
11.5-15.5%
200-400
0.005-0.015
50-70%
20-44%
2-9%
0-4%
0-2%
0%

Result

4.5

90
0.27

Inc

48
50
2
0
0
0

RBS
HGBA1C
BUN
CREA
ALB
TAG
HDL
LDL
TOTAL CHOL
AST
ALT
Alk po4
NA
K
CL
CA++
P
MG++

Reference 
Value
3.9-6.1
4.27-6.07
2.6-6.4
53-115
34-50
0.34-1.7
0.91-1.56
1.1-3.8
4.2-5.2
15-37
30-65

140-148
3.6-5.2
100-108
2.12-2.52

0.74-1

Result

6.3
6.4
5.0
123
32
0.82
0.67
4.21
5.25
95
91
184
136.9
3.35
86
2.37
2.27
0.83

Blood chem.

Color

Transp
Sp Gravity

pH
Sugar

Protein
RBC
WBC
Cast

Epith cell
Bacteria

Mucus th
Crystals

Am urates

straw

Clear
1.010

8.0
NEG
NEG
0-1
0-2

Rare
Occ’l
Rare
Rare

Urinalysis

pH

pCO2
pO2

HCO3
O2 sat
FiO2
Temp

7.408

49.1
70

31.3
93.6
21%
36.9

ABG

PBS

Slight poikilocytosis, 
acanthocytes, ovalocytes, 
slight toxic granulation, 
slight anisocytosis

Table 2. Thyroid Function Tests

Free T4
TSH

(0.8-2.0)
(0.4-6.0)

0.02 ng/dL   
24.75 Uiu/ml

Reference  Value Result

Figure 1. Electrocardiogram upon admission 

Table 3. Cardiac Enzymes

Qualitative 
Troponin I
CK-MB
CK-TOTAL

0-6.0
21-232

POSITIVE

1.14
543

Reference Range (mmoL) Result

Figure 2. Chest radiograph on admission
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Table 1. Genomic identification of HCV-1 subtypes by partial 

NS5A and NS5B sequencing.

SEQUENCING 

 NS5A NS5B 

1a 7 (23%) 13 (43%) 

1b 23 (77%) 17 (57%)

TOTAL 30 30 

Table 2. Concordance of HCV-1 subtyping by NS5A and NS5B 

sequencing. 

NS5B Subtyping

  1a 1b Total 

 1a 6 1* 7 

NS5A sequencing 1b 7* 16 23

 Total 13 17 30 
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  Table 3. Identification of key amino acids in the NS5A gene.

D2225 E2225 Total

1a 0 (0%) 7 (100%) 7

1b 23 (100%) 0 (0%) 23 

Total 23 7 30

Figure 1. Deduced amino acid alignment of NS5A of 7 HCV-1a confirmed samples. At the top, HCV-1a reference sequence 
(GenBank accession number M62321) is given. At the left, the sample identification numbers are shown. The key amino acid 

associated with 1a is boxed. 

Figure 2. Deduced amino acid alignment of NS5A of 23 HCV-1b confirmed samples. At the top, HCV-1b reference sequence 

(GenBank accession number D90208) is given. At the left, the sample identification numbers are shown. The key amino acid 

associated with 1b is boxed.
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Heart Failure and Short Stature in a 43 year-old male

transferred to the intensive care unit (ICU) for ventilatory 

support and closer monitoring. On bedside cardiac ultrasound, 

there was a finding of eccentric left ventricular hypertrophy, 

global hypokinesia with depressed overall systolic function 

with concomitant spontaneous echo contrast on left ventricular 

(LV) cavity suggestive of rheologic stasis, the ejection fraction 

was 25%, with moderate mitral regurgitation, moderate 

aortic regurgitation with aortic sclerosis, severe tricuspid 

regurgitation with mild pulmonary hypertension, pulmonary 

regurgitation, and minimal pericardial effusion or pericardial 

fat pad. Cardiac enzymes were not consistent with an acute 

coronary event (Table 3), however, intravenous (IV) heparin 

(overlapping with oral warfarin) was still given to cover for 

the presence of a possible LV thrombus as demonstrated 

by rheologic stasis on cardiac ultrasound. Medications 

were shifted to IV diuretics and inotropes; oral digoxin was 

started. IV antibiotics were given for possible pulmonary 

infection. The patient later on showed improvement, and was 

eventually weaned off from ventilatory support, extubated, 

Table 1. Initial Laboratory Results

WBC
RBC
HGB
HCT
MCV
MCH
MCHC
RDW
PLT
RETIC
SEG
LYMPH
MONO
EO
BASO
BLAST

CBC

Reference 
Value
5-10
4-6
120-150
0.38-0.48
80-100 FL
27-31 PG
320-360 G/L
11.5-15.5%
200-400
0.005-0.015
50-70%
20-44%
2-9%
0-4%
0-2%
0%

Result

4.5

90
0.27

Inc

48
50
2
0
0
0

RBS
HGBA1C
BUN
CREA
ALB
TAG
HDL
LDL
TOTAL CHOL
AST
ALT
Alk po4
NA
K
CL
CA++
P
MG++

Reference 
Value
3.9-6.1
4.27-6.07
2.6-6.4
53-115
34-50
0.34-1.7
0.91-1.56
1.1-3.8
4.2-5.2
15-37
30-65

140-148
3.6-5.2
100-108
2.12-2.52

0.74-1

Result

6.3
6.4
5.0
123
32
0.82
0.67
4.21
5.25
95
91
184
136.9
3.35
86
2.37
2.27
0.83

Blood chem.

Color

Transp
Sp Gravity

pH
Sugar

Protein
RBC
WBC
Cast

Epith cell
Bacteria

Mucus th
Crystals

Am urates

straw

Clear
1.010

8.0
NEG
NEG
0-1
0-2

Rare
Occ’l
Rare
Rare

Urinalysis

pH

pCO2
pO2

HCO3
O2 sat
FiO2
Temp

7.408

49.1
70

31.3
93.6
21%
36.9

ABG

PBS

Slight poikilocytosis, 
acanthocytes, ovalocytes, 
slight toxic granulation, 
slight anisocytosis

Table 2. Thyroid Function Tests

Free T4
TSH

(0.8-2.0)
(0.4-6.0)

0.02 ng/dL   
24.75 Uiu/ml

Reference  Value Result

Figure 1. Electrocardiogram upon admission 

Table 3. Cardiac Enzymes

Qualitative 
Troponin I
CK-MB
CK-TOTAL

0-6.0
21-232

POSITIVE

1.14
543

Reference Range (mmoL) Result

Figure 2. Chest radiograph on admission
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