IV. RESULTS

1. Conservation of differentiafi leotide substituti

During the 1980 and 1987 epidemic seasons in Bangkok, members of the
subtype IIla differed from those of subtype IIIb at six non-synonymous nucleotide
substitutions (positions 421, G vs A; 607, A vs G; 922, G vs A; 1452, U vs C; 1472,
U vs C; 1473, C vs U)(Sittisombut et al., 1997). For subsequent epidemic seasons,
these differentiating substitutions may be useful for subtyping dengue serotype 2
viruses by hybridization analysis if they remain fixed in the viral population. To
determine whether dengue serotype 2 viruses circulating in the year 1994 still retained
the differentiating base substitutions, the entire envelope gene of four randomly
selected viruses (strains D94-039, D94-179, D94-376 and D94-548) were amplified, gel
purified and sequenced by employing a modified Sanger's sequencing method. The
resulting nucleotide sequences and their deduced amino acid sequences were then
compared with the published sequences of various strains of dengue serotype 2 viruses
(Sistayanarain, 1993; Duangchanda et al., 1994; Lewis et al., 1995; Sittisombut et al.,
1997). All six differentiating nucleotide substitutions remained in these four 1994
isolates (Fig. 2), indicating strongly that these substitutions were conserved among
dengue serotype 2 viruses circulating in the 1994 epidemic season. Therefore, these
nucleotide substitutions should be useful in the differential hybridization analysis for

dengue serotype 2 viruses present in 1994,
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Figure 2. Nucleotide sequences of the envelope gene of D94-039, D94-179, D94-376,
D94-548 and other dengue type 2 virus isolates classified as subtype Illa (upper panel)
or IIIb (lower panel). Dots represent bases identical to those of D94-039. Lines
represent the oligonucleotide probe binding sites and bold bases represent the non-
synonymous nucleotide substitutions that differed between the subtype Hla and Ilib

strains.
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Figure 2. (continued).
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Comparison of the envelope gene sequences also revealed that new nucleotide
substitutions occurred in all four 1994 isolates (Figure 2). The majority of mutations
occurred at the third codon position resulting mostly in synonymous substitutions. No
other types of mutation such as deletion, insertion and inversion was detected.

Comparison of the deduced amino acid sequences of the four 1994 isolates and
the previously isolates indicated that the short segment of the E protein sequence from
amino acid position 98-111 was completely conserved among dengue 2 viruses
including all four 1994 isolates (Figure 3). These residues are thought to be involved
in the fusion process (Thant et al., 1996). Two potential glycosylation sites in the E
gene region (NTT at amino acid position 67-69 and NDT at amino acid position 153-
155) and twelve cysteine residues in the E region were also conserved in our four 1994
isolates.

The four 1994 viruses differed from each other by 8-24 bases (Figure 4).
Similarly, they varied from the subtype Illa viruses of the 1980 and 1987 epidemic
seasons by 14-44 bases. In contrast, the differences between the four 1994 viruses and
the subtype IIIb viruses of the 1980 and 1987 were from 66 to 107 nucleotides
whereas the subtype IIIb viruses varied from each others by 13-56 bases. Using direct
comparison, these four 1994 serotype 2 viruses can be grouped together with the

subtype Illa viruses of the five-subtype nomenclature system (Lewis et al., 1993).

2. Sensitivity and specificity of oligonucleotide probes

In order to examine the sensitivity and the specificity of each oligonucleotide

probe, the envelope gene of 24 subtype IIla viruses and 5 subtype IlIb viruses derived
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Figure 3. Deduced amino acid sequence of envelope protein of D94-039, D94-179,
D94-376, D94-548 and other dengue type 2 virus isolates classified as subtype Illa
(upper panel) or IIIb (lower panel). Dots represent amino acids identical to those of

D94-039.
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from the 1980 and 1987 epidemic seasons were amplified and hybridized with the two
sets of probes designed to detect specifically the subtype Illa and subtype IIb sets,
respectively.  For each oligonucleotide probe the temperature during the TMAC
washing step was titrated from 47°C, 52°C, 55°C and 57°C. The lowest temperature
levels that appeared to result in the best contrast between the two groups of viruses are
shown in Table 6. Following the hybridization and washing at the selected
temperatures, the hybridization signal derived from the hybridization with each of the
five pairs of oligonucleotide probes was quantified by scanning with a densitometer
and the resulting adjusted volume and maxirﬁum intensity values were then divided by
the corresponding values derived from a reference probe (C1204 or C1763). An
example of the hybridization signals when reacted with probe C1204, 141-Illa, 14]-
b, and 346-I11a-87 was shown in Figure 5, 6, 7, and 8, respectively. The adjusted
volume ratio and the maximum optical density ratio for each hybridization experiment
are listed in Appendices A-E. The range, mean and standard deviation of the adjusted
volume ratio and maximum optical density ratio of each probe are shown in Table 7
and Table 8, respectively.

When the lowest levels of adjusted volume ratio against the corresponding set of
viruses were employed as the cutoff points, the sensitivity of the probes 141-IIla, 203-
Illa, 308-Ila, 484-I1la and 491-Ma for detecting the subtype Illa viruses was all 100%.
Similarly, the sensitivity of the probes 141-Illb, 203-IfTb, 308-Illb, 484-IlIb and 491-
IIb for the subtype IIb viruses was also 100% (Table 9). At this high level of
sensitivity, the specificity of most probes was 100%. An exception was in the case of
14]1-IMa (specificity, 80%) which appeared to cross-react with one of the non-

corresponding strain, MK42-86.



Figure 5. An example of the hybridization signal when reacted with probe C1204.

B N R



67

Figure 8. An example of the hybridization signal when reacted with probe 141-I1la.
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Figure 7. An example of the hybridization signal when reacted with probe 141-IIIb.
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Figure 8. An example of the hybridization signal when reacted with probe 346-111a-

87.
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Table 9. Sensitivity and specificity of various probes as determined by using the

lowest adjusted volume ratio value as the cutoff point.

Probe Sensitivity Specificty
141-Hla 2424 (100) 4/5 (80)
203-Hla 24124 (100) 5/5 (100)
308-ITa 24124 (100) 5/5 (100)
484-Hla 24124 (100) 5/5 (100)
491-HIa 24/24 (100) 5/5 (100)
141-IIb 5/5 (100) 24/24(100)
203-0Ib 5/5 (100) 24/24 (100)
308-IIIb 5/5 (100) 24/24 (100)
484-MIb 5/5 (100) 24/24 (100)
491-MIb 5/5 (100) 24/24 (100)
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When the lowest levels of maximum optical density ratio against the
corresponding set of viruses were employed as the cutoff points, all probes gave the
sensitivity of 100% (Table 10). In contrast, the specificity was detected at the 100%
level only with seven probes! The probes 141-1lla (specificity, 80%), 203-Ia
(specificity, 60%), 308-1lla (specificity, 80%) cross-reacted with one; MK42-86, two;
MK42-86 and MK116-87 and one; MKI116-87, respectively, of the subtype IIIb
viruses. Thus, two pairs of the oligonucleotide probes (484-1l1a, 484-I11b, 491-I1la and
491-I1Ib) appeared to give the highest levels of sensitivity and specificity for detecting
the subtype ITla and IIIb viruses by the hybridization analysis. However, these high
levels of sensitivity and specificity were achieved only by designing the probes to
accommodate other known changes surrounding the differentiating nucleotides; when
this set of probes were used against other viruses of which additional changes were
unknown, the sensitivity and specificity of each probes might differ from those derived
by testing with 1980 and 1987 viruses. Because of this consideration, all five pairs of

oligonucleotide probe were employed in the subtyping of the dengue serotype 2 viruses

circulating in the 1994 epidemic season.

In order to determine the proportion of subtype Illa and subtype IIIb among
dengue serotype 2 viruses circulating in Bangkok in 1994, the envelope region of 24
dengue serotype 2 viruses derived from patients at the Bangkok Children's Hospital
during 1994 was amplified (Table 2). From 20 viruses the amplified products covered

all of the envelope region allowing the analysis with all five pairs of probes. From the
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Table 10. Sensitivity and specificity of various probes as determined by using the

lowest maximum optical density ratio value as the cutoff point.

Probe Sensitivity Specificity
141-Ma 24/24 (100) 4/5 (80)

203-Tla 24/24 (100) 3/5 (60)

308-IMa 24/24 (100) 4/5 (80)

484-IMfa 24/24 (100) 5/5 (100)
491-IMa 24/24 (100) 5/5 (100)
141-ITb 5/5 (100) 24/24 (100)
203-MIb 5/5 (100) 24/24 (100)
308-IMb 5/5 (100) 24/24 (100)
484-TMlb 5/5 (100) 24/24 (100)
491-ilb 5/5 (100) 24/24 (100)
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other four, only a small part of the envelope region was successfully amplified by the
nested PCR procedure (the PCR products courtesy of Dr. Pathai Yenchitsomanus,
Siriraj Medical School); in the latter group, only the pair 308-Illa and 308-IIIb could
be used. As before, the amplified products were hybridized with each of the five pairs
of probe and the hybridization signal from each probe was then divided by the
corresponding values derived with either the probe C1204 or probe C1763 to obtain
the adjusted volume ratio and the maximum optical density ratio (Appendices A-E).
When the lowest adjusted volume ratio values obtained by hybridizing probes
with viruses derived from the 1980 and 1987 epidemic seasons were employed as the
cutoff points, four pairs of probes typed all of the dengue serotype 2 viruses from 1994
as subtype IIfa (Table 11). Only one probe, 491-1lla, failed to identify one (out of 20)
strain (D94-411) as the subtype IIla strain. Identical results were obtained when the
lowest maximum optical density ratio values were employed as cutoff points. For four
viruses (D94-039, D94-179, D94-376 and D94-548) of which nucleotide sequences of
the envelope region were available, the hybridization pattern matched perfectly with
the sequence data. Thus, 24 out of 24 dengue serotype 2 viruses which circulated in

Bangkok in 1994 belonged to the subtype Illa.

4. Descent of subtype IIla viruses

During the 1987 epidemic season in Bangkok, circulating subtype Ila viruses
(19 out of 19) shared a non-synonymous nucleotide substitution (base position 1036, T;
amino acid position 346, tyrosine) which was absent in all subtype IIb isolates and the

subtype IIa viruses found in 1980 (Sittisombut et al., 1997). Because most, if not all,
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Table 11. Reactivity of dengue type 2 viruses derived from the 1994 epidemic season

with various probes using the lowest ratio value of various probes as the cutoff points.

Proportion (%)
Cutoff point 14]1- 203- 308- 484- 491-
I1la I1la Ila IIla Ila
Lowest adjusted 20/20 20/20 24/24 20720 19/20
volume ratio (100) (100) (100) (100) (95)
Lowest maximun O.D. 20720 20/20 24/24 20/20 19/20
ratio (100) (100) (100) (100) (95)
Proportion (%)
Cutoff point 141- 203- 808- 484.- 491-
IIIh IIIb IIIb IIb IIIb
Lowest adjusted 0/20 (0) | 0/20 (0) | 0/24 (0) | 0/20 (0) | 0/20 (0)
volume ratio .
Lowest maximun O.D. | 0/20 (0) | 0/20 (0) | 0/24 (0) | 0/20 (0) | 0/20 (0)
ratio
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dengue serotype 2 viruses circulating in the 1994 epidemic season belonged to subtype
I, this base substitution may be useful for determining whether the subtype Ifla
viruses of the 1994 epidemic season in Bangkok were direct descendants of the 1987
ancestral counterparts. An oligonucleotide probe (346-Illa-87) was designed and
employed in the hybridization analysis. The adjusted volume ratio and the maximum
optical density ratio were derived by employing signals from the probe C1763 for
adjusting differences in DNA binding to nylon membrane. The adjusted volume ratio
and the maximum optical density ratio for the probe 346-Illa-87 were listed in
Appendix F. The range, mean and standard deviation of adjusted volume ratio and
maximum optical density ratio of the 1980 and 1987 isolates were shown in Table 12.
In order to maximize the specificity of this probe, the highest adjusted volume
ratio and the highest maximum optical density ratio derived from hybridization with
the subtype IIIb strains and the subtype IIla strains of the 1980 epidemic season were
used as cutoff points. By using these cutoff points, the sensitivity of probe 346-IIla-87
for detecting the T(1036) substitution among the subtype Ila strains from 1987 was
only 85% and 90%,' respectively (Table 13). Even with these low levels of sensitivity,
the probe 346-Ila-87 hybridized strongly to all dengue serotype 2 subtype IlIa strains
found in Bangkok in 1994. Thus, the subtype Ia strains found in Bangkok in 1994
might be direct descendants of the 1987 precursors rather than being introduced from

other places.
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Table 12. Ratio of adjusted volume and maximum optical density between probe 346-

IIfa-87 and probe C1763.

Ratio
Subtype of viruses Adjusted volume | Maximum optical
density
IMIa (1987 epidemic season)
range 0.100-1.046 0.334-1.194
mean 0.617 0.830
SD 0.256 0.194
IITa and IIIb (1980 epidemic
season), IIIb (1987 epidemic
season)
range -0.010-0.262 0.261-0.500
mean 0.058 0.361
SD 0.094 0.071
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Table 18. Sensitivity and specificity of probe 346-Ila-87 as determined by using the
highest adjusted volume ratio and maximumn optical density ratio values of subtype b

strains and subtype Ila strains of the 1980 epidemic season as the cutoff point.

Sensitivity Specificity

Adjusted volume ratio 18/21 (85) 9/9 (100)

Maximum O.D. ratio 19/21 (90) 9/9 (100)




