
Detection and Characterization of MDR-TB Mutations

22 VOL. 46 NO. 1 2012ACTA MEDICA PHILIPPINA Vol. 43 N0. 4 200912   ACTA MEDICA PHIlIPPINA

Heart Failure and Short Stature in a 43 year-old male

Katerina T. leyritana1, Ma. Czarlota M. Acelajado-Valdenor1, Amado o. Tandoc III2 and Agnes D. Mejia1

 
1Department of Medicine, College of Medicine and Philippine General Hospital, University of the Philippines Manila

2Department of Pathology, College of Medicine, University of the Philippines Manila

CASE REPORT

Corresponding author: Ma. Czarlota Acelajado-Valdenor, M.D.
Department of Medicine
Philippine General Hospital
Taft Avenue, Manila, 1000 Philippines
Telephone: +632 554-8488
Email: czarlota@yahoo.com

Presentation of the case
This is a case of a 43-year-old male presenting with short 

stature and heart failure. The patient was admitted at the 
medicine ward of the Philippine General Hospital (PGH) 
for dyspnea. This paper will investigate several issues: 
differentiating congenital from acquired hypothyroidism, 
the relationship between hypothyroidism and the 
cardiomyopathies, and the therapeutic options in patients 
with cardiomyopathy secondary to hypothyroidism.

The patient had been born full term to a then 31-year-
old Gravida 4 Para 3 (G4P3), the 4th of 9 siblings, with an 
apparently unremarkable delivery at home facilitated by 
a traditional birth attendant. He was noted to be normal 
at birth. The patient was allegedly at par with age both 
physically and mentally until eight years old when he was 
said to have stopped growing in height. He was brought to 
a private doctor, whose diagnosis was undisclosed, and he 
was given medications to increase height, which the patient 
took for only one month with no improvement. Through the 
years, the patient was apparently well, although still of short 
stature, with thick lips, coarse facial features and dry skin. 
He was notably slow in ambulation. He was said to have 
bronchial asthma at age 15 years, and since then he had been 
taking salbutamol tablets occasionally for bouts of dyspnea 
occurring one to two times annually.

The patient’s symptoms started in 2001 when he was 
reported to have sudden loss of consciousness. During this 
time, the patient did not have any symptoms of heart failure; 
no prior seizures, cyanotic episodes, chest pain, headache, or 
blurring of vision. He regained consciousness shortly after and 
was brought to a private physician, whose assessment was a 
“heart problem”. He was prescribed unrecalled medications 
taken for a few months and eventually discontinued when 
the syncopal episode did not recur.

In the next four years, the patient would develop 
intermittent, progressive exertional dyspnea and bipedal 
edema. later on this would be accompanied by generalized 
body weakness, anorexia, and constipation, severe enough to 

require regular laxative use. There was also a report of two 
more syncopal episodes. He was brought to another doctor 
in a private hospital where the assessment was still a “heart 
problem”. The patient was again prescribed unrecalled 
medications and again was lost to follow-up. This time, 
however, symptoms were persistent. He later consulted at 
another local hospital, where he was admitted and managed 
as a case of anemia and bronchial asthma. He was discharged 
slightly improved after four days, only to have recurrent heart 
failure symptoms, prompting admission at PGH.

Upon admission the patient was in mild respiratory 
distress, with stable vital signs and no note of fever. Pertinent 
physical exam findings included short stature, thick lips, non-
pitting periorbital edema, dry skin, a displaced apical impulse, 
crackles on both lung fields, and bilateral non-pitting bipedal 
edema. There was also a 3 cm x 3 cm reducible umbilical 
hernia. However, there was no pallor, no neck vein distention, 
no apparent congenital malformations, no cardiac murmurs 
and no clubbing. There was also no note of an anterior neck 
mass.

laboratory workup showed cardiomegaly with pulmonary 
congestion, thoracic dextroscoliosis, and atheromatous aorta by 
chest radiograph, and left ventricular hypertrophy by 12-lead 
electrocardiogram (12-l ECG) (Figures 1 and 2), normocytic 
normochromic anemia (Hgb 90 mg/dl), dyslipidemia, and 
pre-renal azotemia (serum creatinine 123 mmol). Electrolytes 
on admission showed slight hyponatremia, hypokalemia, 
and hypochloremia (serum Na 136, K 3.35, Cl 86). Blood gases 
revealed partially compensated metabolic alkalosis with mild 
hypoxemia. The patient was noted to be hypothyroid based 
on elevated serum thyroid-stimulating hormone (TSH) and 
markedly decreased serum free thyroxine (FT4). The exact 
values are shown in Tables 1 and 2. 

Upon admission to the wards, the patient was managed 
as having congestive heart failure from cardiomyopathy 
secondary to acquired hypothyroidism. oral loop diuretics, 
angiotensin-converting enzyme (ACE) inhibitors, beta-
blockers, statins, and levothyroxine were started. Electrolyte 
correction was instituted. The sections of Endocrinology 
and Cardiovascular Diseases were co-managing the patient 
together with the General Medicine service.

He soon developed respiratory failure, upon which the 
considerations were acute pulmonary congestion, nosocomial 
pneumonia, to rule out an acute coronary event. He was later 
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Introduction 

For years, effective treatments have been utilized to 
control tuberculosis (TB). However, the emergence of 
multidrug-resistant tuberculosis (MDR-TB) made the disease 
management more challenging than ever. Thus, it has 
become the second-leading cause of mortality among 
infectious diseases worldwide.1 MDR-TB occurs when 
Mycobacterium tuberculosis, the causative agent for TB 
becomes resistant to the first line drugs, rifampicin (RIF) and 
isoniazid (INH).2  Drug resistance in M. tuberculosis has 
been associated with mutations in several genes such as 
rpoB, katG, and gyrA. These genes encode for RNA 
polymerase β-subunit, catalase-peroxidase, and the A 
subunit of DNA gyrase, respectively.2   This study focused 
on these resistance determining genes for rifampicin, 
isoniazid, and ciprofloxacin, as these drugs are among those 
primarily included in the standard treatment regimen for TB 
in the Philippines. The first two drugs are the first-line drugs 
against TB and ciprofloxacin, a fluoroquinolone drug, is 
prescribed for MDR cases.3 The development of a nucleic 
acid-based assay capable of rapid MDR-TB detection is one 
important approach in the management of TB. This 
approach, however, will not progress without a priori 
characterizing the target population genome to amplify. 
Implicit is the requirement for sequence analysis of 
candidate resistance genes that would reveal mutations 
prevalent among the local isolates. This information would 
constitute the initial database for various downstream 
strategies for TB management namely disease diagnosis, 
epidemiology and therapy.  

Multi-loci sequence alignment (MLSA) has found 
several applications in molecular phylogenetic analysis of 
various organisms ranging from bacteria to higher animals. 
This arises from the apparent weakness of single genes in 
resolving phylogenetic ambiguities. In this study, detection 
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and hypochloremia (serum Na 136, K 3.35, Cl 86). Blood gases 
revealed partially compensated metabolic alkalosis with mild 
hypoxemia. The patient was noted to be hypothyroid based 
on elevated serum thyroid-stimulating hormone (TSH) and 
markedly decreased serum free thyroxine (FT4). The exact 
values are shown in Tables 1 and 2. 

Upon admission to the wards, the patient was managed 
as having congestive heart failure from cardiomyopathy 
secondary to acquired hypothyroidism. oral loop diuretics, 
angiotensin-converting enzyme (ACE) inhibitors, beta-
blockers, statins, and levothyroxine were started. Electrolyte 
correction was instituted. The sections of Endocrinology 
and Cardiovascular Diseases were co-managing the patient 
together with the General Medicine service.

He soon developed respiratory failure, upon which the 
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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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and characterization of mutations is done for the rpoB, katG 
and gyrA genes of multidrug-resistant M. tuberculosis 
samples of the IDS-PGH. MLSA is utilized to establish the 
genotype of these different MTB samples. 

 
Methods 

Thirty (30) heat-deactivated M. tuberculosis isolates 
were provided by the Infectious Disease Section of the 
Philippine General Hospital (IDS-PGH) (Figure 1). Three to 
five μL aliquots of deoxyribonucleic acid (DNA) isolates 
were used as template for the polymerase chain reaction 
(PCR). The primers used in the study were those previously 
validated   for   the   genes   rpoB,   katG   and   gyrA.5   The   
rpoB       forward       and       reverse       primers     were       
5’-GGGAGCGGATGACCACCCAGG-3’ and                                                          
5’-CAGCGAGCCGATCAGACCGATG-3’, respectively. For 
katG,   the    forward    and    reverse      primers      were     
5’-CTCGGCGATGAGCGTTACAGCG-3’ and                         
5’-CCCGCAGCGAGAGGTCAGTGG-3’, respectively. The 
forward    and   reverse   primers   for   gyrA   gene   were   
5’-GCAGCTACATCGACTATGCGATG-3’           and            
5’-CGGGCTTCGGTGTACCTCATCG-3’, respectively. 

 

 
Figure 1. Flowchart of the methodology  

 
Amplification was initiated in a 10μL reaction 

containing 2μL of 5x buffer, 0.2μL of 10 μM of each primers, 
0.2μL of 2.5mM dNTP, 2μL of 25mM Magnesium Chloride, 

0.2μL of 5 units/μL Taq Polymerase, 5μL of 61.2 μg/mL 
DNA template and 0.2μL of PCR-grade water. The PCR 
profile included an initial denaturation of 10 min at 94oC, 
followed by 40 cycles of denaturation for 1 min at 94oC, 
annealing for 30 sec at 67-71oC depending on the primers, 
and extension for 30 sec at 72oC; and terminated with a final 
extension of 3 min at 72oC.  

The amplicons for rpoB, katG and gyrA were sent to 
MacroGen Korea Inc. for sequencing.4 DNA sequence 
analysis was done using Molecular Evolutionary Genetic 
Analysis (MEGA) version 3.1 and DNAsis (Hitachi 
Engineering). Mutations were identified by comparing the 
obtained sequences to the DNA sequence of H37Rv wild 
type reference strain. The mutations of each gene were 
tabulated and the frequency of each mutation was 
calculated. For multi-locus analysis, a dendogram of the 
combined sequences of the three genes was obtained using 
MEGA version 3.1.4  

 
Results 

rpoB 
Six codons of the rpoB sequence of the thirty isolates 

exhibited single-point mutations (Table 1). Codon 513 
changed from CAA to CCA (Glutamine to Proline); Codon 
516 mutated into two types of amino acid: GTC replaced 
GAC (Aspartate to Valine) in the first type and in the second 
type, the codon changed to TTC (Aspartate to 
Phenylalanine). Mutation in codon 522 replaced TCG to TTG 
(Serine to Leucine). Codon 526 mutated into three types of 
amino acid similar to codon 516: CAC (Histidine) changed to 
TAC (Tyrosine), TGC (Cysteine) or CGC (Arginine). Each of 
these mutations comprises 3.33% of the total isolates. Several 
isolates mutated in codon 531; where a change occurred 
from TCG to TTG (Serine to Leucine).  On the other hand, 
codon 533 changed from CTG to CCG (Leucine to Proline) 
occurring in 6.67% of the isolates. 

A double-point mutation was observed in 6.67% of the 
samples. Codon 512 mutated from AGC to ACC (Serine to 
Threonine); while codon 516 changed from GAC to TAC 
(Aspartate to Tyrosine). Thirty percent of the samples did 
not exhibit any mutation and are considered to be wild type. 

The clustering of the samples according to their 
mutations in the rpoB gene is shown in Figure 2. The 
dendogram showed seven clusters, which included the  RIF-
resistant strains (i.e., with accession numbers). The first 
cluster, which included the non-mutated sample, is 
represented by sample 4. The samples were grouped 
together with the H37Rv rpoB sequence. The second cluster, 
represented by sample 1, consisted of ten samples. The third 
cluster, consisted of four samples, was represented by 
sample 14.  The fourth and fifth cluster each has a single 
sample. The sixth cluster consisted of three samples, which 
is represented by sample 20. The last cluster had two 
samples represented by sample 19.  
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as a case of anemia and bronchial asthma. He was discharged 
slightly improved after four days, only to have recurrent heart 
failure symptoms, prompting admission at PGH.

Upon admission the patient was in mild respiratory 
distress, with stable vital signs and no note of fever. Pertinent 
physical exam findings included short stature, thick lips, non-
pitting periorbital edema, dry skin, a displaced apical impulse, 
crackles on both lung fields, and bilateral non-pitting bipedal 
edema. There was also a 3 cm x 3 cm reducible umbilical 
hernia. However, there was no pallor, no neck vein distention, 
no apparent congenital malformations, no cardiac murmurs 
and no clubbing. There was also no note of an anterior neck 
mass.

laboratory workup showed cardiomegaly with pulmonary 
congestion, thoracic dextroscoliosis, and atheromatous aorta by 
chest radiograph, and left ventricular hypertrophy by 12-lead 
electrocardiogram (12-l ECG) (Figures 1 and 2), normocytic 
normochromic anemia (Hgb 90 mg/dl), dyslipidemia, and 
pre-renal azotemia (serum creatinine 123 mmol). Electrolytes 
on admission showed slight hyponatremia, hypokalemia, 
and hypochloremia (serum Na 136, K 3.35, Cl 86). Blood gases 
revealed partially compensated metabolic alkalosis with mild 
hypoxemia. The patient was noted to be hypothyroid based 
on elevated serum thyroid-stimulating hormone (TSH) and 
markedly decreased serum free thyroxine (FT4). The exact 
values are shown in Tables 1 and 2. 

Upon admission to the wards, the patient was managed 
as having congestive heart failure from cardiomyopathy 
secondary to acquired hypothyroidism. oral loop diuretics, 
angiotensin-converting enzyme (ACE) inhibitors, beta-
blockers, statins, and levothyroxine were started. Electrolyte 
correction was instituted. The sections of Endocrinology 
and Cardiovascular Diseases were co-managing the patient 
together with the General Medicine service.

He soon developed respiratory failure, upon which the 
considerations were acute pulmonary congestion, nosocomial 
pneumonia, to rule out an acute coronary event. He was later 

  
 

Table 1. Characteristics of M. tuberculosis samples from the Infectious Disease Section-Philippine General Hospital 
 

Sample 
No. 

Phenotypic 
Resultsα* Mutationsδ 

  rpoB katG gyrA 
  Codon Nucleotide Amino Acid Codon Nucleotide Amino Acid Codon Nucleotide Amino Acid 

1 Rr 531 TCG to TTG Ser to Leu       
4 Ir, Cr    315 AGC to ACC Ser to Thr NM 
6 Ir    315 AGC to AAC Ser to Asn    
9 Ir    315      
11 Ir        
13 Ir, Cr    315 AGC to AAC Ser to Asn 94 GAC to TTC Asp to Phe 

14 Rr, Ir 
512 AGC to ACC Ser to Thr 

315 AGC to ACC Ser to Thr    516 GAC to TAC Asp to Tyr 
15 Rr, Ir 531 TCG to TTG Ser to Leu NM    

16 Rr, Ir 531 TCG to TTG Ser to Leu 280 TCG to CCG Ser to Pro    
315 AGC to ACC Ser to Thr 

17 Rr, Ir 
512 AGC to ACC Ser to Thr 

NM    516 GAC to TAC Asp to Tyr 
18 Rr, Ir 531 TCG to TTG Ser to Leu 333 CTC to CTG Leu to Leu    
19 Rr, Ir 533 CTG to CCG Leu to Pro NM 94 GAC to GGC Asp to Gly 

20 Rr, Ir, Cr 526 CAC to TAC His to Tyr 
281 GCC to GTC Ala to Val 

90 GCG to GTG Ala to Val 315 AGC to AGA Ser to Arg 
21 Rr, Ir 531 TCG to TTG Ser to Leu 315 AGC to ACC Ser to Thr    
22 Rr, Ir 531 TCG to TTG Ser to Leu 315 AGC to ACC Ser to Thr    
23 Rr, Ir NM 315 AGC to ACC Ser to Thr    
24 Rr, Ir 531 TCG to TTG Ser to Leu 315 AGC to ACC Ser to Thr    
25 Rr, Ir 531 TCG to TTG Ser to Leu 315 AGC to ACC Ser to Thr    
30 Rr, Ir, Cr 526 CAC to TGC His to Cys NM NM 
31 Rr, Ir 516 GAC to GTC Asp to Val 315 AGC to ACC Ser to Thr    
35 Rr, Ir 531 TCG to TTG Ser to Leu 315 AGC to ACC Ser to Thr    
37 Rr, Ir 516 GAC to TTC Asp to Phe 315 AGC to ACC Ser to Thr    
39 Rr, Ir, Cr 526 CAC to CGC His to Arg NM NM 
40 Rr, Ir 513 CAA to CGA Gln to Pro NM    
41 Rr, Ir 531 TCG to TTG Ser to Leu 315 AGC to ACC Ser to Thr    
42 Rr, Ir 522 TCG to TTG Ser to Leu 315 AGC to ACC Ser to Thr    
43           
44           
45 Ir 533 CTG to CCG Leu to Pro 315 AGC to ACC Ser to Thr    
46 Rr NM       
 

α Rr, rifampicin resistant; Ir, isoniazid resistant; Cr, ciprofloxacin resistant 
* The phenotypic results were obtained from Mrs. Conception F. Ang of the Infectious Diseases Section (IDS) of the  
Microbiology Research Laboratory of the Philippine General Hospital. 
δ NM, no mutation. 

 katG 
The katG sequences exhibited two single-point and two 

double-point mutations. Codon 315 changed into two types 
of amino acids (Table 1) wherein AGC was changed to ACC 
(Serine to Threonine) and to AAC (Serine to Asparagine). On 
the other hand, CTC of codon 333 was replaced by CTG 
(Leucine to Leucine) in 3.33%. The two double-point 
mutations were observed in 3.33% of the isolates. Initial 
grouping of the katG mutations would show that mutations 
in codons 280 TCG to CCG (Serine to Proline) and 315 AGC 
to ACC (Serine to Threonine) comprised the first type of 
katG isolates. The second type includes those with mutations 
in codons 281 GCC to GTC (Alanine to Valine) and 315 AGC 
to AGA (Serine to Arginine). Those not exhibiting any 
mutation comprise 36.67% of the isolates and are considered 
to fall under the wild type group. 

Figure 3 shows the dendogram of the samples according 
to their mutations in the katG gene. The first cluster 

consisted of non-mutated strains. This cluster had eleven 
samples and was represented by sample 1. They were shown 
to group accordingly with H37Rv. The second and third 
cluster each has one sample, sample 20 and sample 18, 
respectively. The fourth cluster had the most number of 
samples. This group consisted of seventeen samples and was 
represented by sample 4.           
 
gyrA 

Ninety percent (90%) of the isolates did not exhibit any 
mutation in the gyrA region (Table 1). Each of the three 
single-point mutations was observed in 3.33% of the isolates. 
Codon 90 mutated from GCG to GTG (Alanine to Valine). 
Codon 94 changed into two types of amino acid: GAC 
(Alanine) was changed into TTC (Phenylalanine) or GGC 
(Glycine). 

Figure 4 shows three clusters according to the mutations 
in the gyrA gene. The first cluster was composed of twenty-
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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

  
 

seven samples. This was represented by sample 1 and was 
grouped with H37Rv. The second cluster was composed of a     
single sample, sample 20. On the other hand, two samples 
belonged to the last cluster and were represented by sample 
13. 

Figure 2. Dendogram of 297-nt partial rpoB gene sequence of 
thirty local isolates 

 
Figure 3. Dendogram of 543-nt partial katG gene sequence of 
thirty local isolates 
 
Multi-loci Sequence Analysis 

The clustering of samples according to their mutations 
in all three genes was shown in Figure 5. There were eight 
clusters and the first cluster, represented by sample 11, 
includes the H37Rv wild type strain. Sample 40 was the lone 

isolate for the second cluster. Meanwhile, there were two 
samples for the third cluster as represented by sample 20. 
Four samples were placed in the fourth cluster, represented 
by sample 6. The fifth cluster, represented by sample 39, had 
five samples. Six samples belonged to the sixth cluster with 
sample 14 as representative. Three samples comprised the 
seventh cluster and the representative was sample 1. The last 
cluster, represented by sample 21, had seven samples. 

 
Figure 4. Dendogram of 320-nt partial gyrA gene sequence 
of thirty local isolates 
 

Discussion 
 

rpoB 
The mutated samples were found to have point 

mutations in codons 513, 516, 522, 526, 531 and 533 in this 
gene. Interestingly, 33.33% of the isolates showed mutations 
in codon 531. This implies that codon 531 is the most 
frequently mutating codon with a high tendency to undergo 
mutation. More so, two samples showed mutations in codon 
516 while three samples had mutations in codon 526. As 
shown in Table 1, codons 516 ad 526 had more than one type 
of mutation resulting to a change from Aspartate to 
Tyrosine, Valine and Phenylalanine, and from Histidine to 
Tyrosine, Cysteine and Arginine, respectively. Consistent 
with the findings of other investigators, the codons 516, 526 
and 531 were among the most commonly mutating codons.2,6  

Figure 2 showed seven clusters which included strains 
resistant to rifampicin as reported in the Genbank. The first 
cluster is composed of H37Rv rpoB sequence and the nine 
non-mutated samples. The samples that belonged to the 
second cluster had mutations at codon 531, one of the most 
frequent and most commonly mutating codons.2,6 The 
samples in the third cluster had mutations at codon 516, 
which also falls among the commonly mutating codons. It is 
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Presentation of the case
This is a case of a 43-year-old male presenting with short 

stature and heart failure. The patient was admitted at the 
medicine ward of the Philippine General Hospital (PGH) 
for dyspnea. This paper will investigate several issues: 
differentiating congenital from acquired hypothyroidism, 
the relationship between hypothyroidism and the 
cardiomyopathies, and the therapeutic options in patients 
with cardiomyopathy secondary to hypothyroidism.

The patient had been born full term to a then 31-year-
old Gravida 4 Para 3 (G4P3), the 4th of 9 siblings, with an 
apparently unremarkable delivery at home facilitated by 
a traditional birth attendant. He was noted to be normal 
at birth. The patient was allegedly at par with age both 
physically and mentally until eight years old when he was 
said to have stopped growing in height. He was brought to 
a private doctor, whose diagnosis was undisclosed, and he 
was given medications to increase height, which the patient 
took for only one month with no improvement. Through the 
years, the patient was apparently well, although still of short 
stature, with thick lips, coarse facial features and dry skin. 
He was notably slow in ambulation. He was said to have 
bronchial asthma at age 15 years, and since then he had been 
taking salbutamol tablets occasionally for bouts of dyspnea 
occurring one to two times annually.

The patient’s symptoms started in 2001 when he was 
reported to have sudden loss of consciousness. During this 
time, the patient did not have any symptoms of heart failure; 
no prior seizures, cyanotic episodes, chest pain, headache, or 
blurring of vision. He regained consciousness shortly after and 
was brought to a private physician, whose assessment was a 
“heart problem”. He was prescribed unrecalled medications 
taken for a few months and eventually discontinued when 
the syncopal episode did not recur.

In the next four years, the patient would develop 
intermittent, progressive exertional dyspnea and bipedal 
edema. later on this would be accompanied by generalized 
body weakness, anorexia, and constipation, severe enough to 

require regular laxative use. There was also a report of two 
more syncopal episodes. He was brought to another doctor 
in a private hospital where the assessment was still a “heart 
problem”. The patient was again prescribed unrecalled 
medications and again was lost to follow-up. This time, 
however, symptoms were persistent. He later consulted at 
another local hospital, where he was admitted and managed 
as a case of anemia and bronchial asthma. He was discharged 
slightly improved after four days, only to have recurrent heart 
failure symptoms, prompting admission at PGH.

Upon admission the patient was in mild respiratory 
distress, with stable vital signs and no note of fever. Pertinent 
physical exam findings included short stature, thick lips, non-
pitting periorbital edema, dry skin, a displaced apical impulse, 
crackles on both lung fields, and bilateral non-pitting bipedal 
edema. There was also a 3 cm x 3 cm reducible umbilical 
hernia. However, there was no pallor, no neck vein distention, 
no apparent congenital malformations, no cardiac murmurs 
and no clubbing. There was also no note of an anterior neck 
mass.

laboratory workup showed cardiomegaly with pulmonary 
congestion, thoracic dextroscoliosis, and atheromatous aorta by 
chest radiograph, and left ventricular hypertrophy by 12-lead 
electrocardiogram (12-l ECG) (Figures 1 and 2), normocytic 
normochromic anemia (Hgb 90 mg/dl), dyslipidemia, and 
pre-renal azotemia (serum creatinine 123 mmol). Electrolytes 
on admission showed slight hyponatremia, hypokalemia, 
and hypochloremia (serum Na 136, K 3.35, Cl 86). Blood gases 
revealed partially compensated metabolic alkalosis with mild 
hypoxemia. The patient was noted to be hypothyroid based 
on elevated serum thyroid-stimulating hormone (TSH) and 
markedly decreased serum free thyroxine (FT4). The exact 
values are shown in Tables 1 and 2. 

Upon admission to the wards, the patient was managed 
as having congestive heart failure from cardiomyopathy 
secondary to acquired hypothyroidism. oral loop diuretics, 
angiotensin-converting enzyme (ACE) inhibitors, beta-
blockers, statins, and levothyroxine were started. Electrolyte 
correction was instituted. The sections of Endocrinology 
and Cardiovascular Diseases were co-managing the patient 
together with the General Medicine service.

He soon developed respiratory failure, upon which the 
considerations were acute pulmonary congestion, nosocomial 
pneumonia, to rule out an acute coronary event. He was later 

  
 

important to note that samples 14 and 17 had double 
mutations involving two codons, 512 and 516 as shown in 
Table 1. The occurrence of this double mutation in two 
samples may suggest a mutational mechanism wherein one 
codon mutation would likely predict a secondary mutation.  
However, this mechanism merits further investigation. The 
fourth cluster, which included sample 40, showed a 
mutation in codon 513; while the fifth cluster, which 
included sample 42 had a mutation in codon 522. The 
members of the sixth cluster all showed mutations in codon 
526. The last cluster, with only two samples had mutations 
in codon 533. The Genbank reported RIF-resistant strains, 
the multidrug-resistant strains common in other countries, 
belong to clusters second and seven. Apparently, the TB 
samples from the IDS-PGH showed more varied mutations 
than those reported in the Genbank. Whether this reflects on 
the nature of the local TB therapeutic management and 
should necessitate a call for alarm, remains to be further 
verified.   

 
Figure 5. Dendogram of concatenated rpoB, katG, and gyrA 
sequences from thirty local isolates 
 
katG 

More than half of the samples had mutations in codons 
280, 281, 315, and 333 in the katG region and almost 50% of 
the mutated samples were found to have single mutation in 
codon 315. Likewise, this codon showed a myriad of 
nucleotide substitutions. The type of mutation in codon 315 
where AGC was changed to ACC (Serine to Threonine), was 
the most frequently observed, occurring in 46.67% of the 
samples.1,2 The same mutation was found most prevalent 
elsewhere.3 This high percentage shows its importance in 
development of resistance to isoniazid.2 This observation 
finds support in that residues encoded by those including 

codon 315 participate in binding the heme group of katG 
enzyme. Thus, mutations in this region have been proposed 
to cause the loss of the enzymatic function of katG enzyme.3 

In Figure 3, the first cluster comprised the non-mutated 
strains together with H37Rv. Interestingly, one of the 
Genbank reported INH-resistant strains belonged to this 
cluster. This implies that not all non-mutated samples for 
katG were of the wild type strains. Some may show no 
mutation within the target region but may be resistant to 
isoniazid.2 Possibly, mutations outside the target region such 
as in genes such as inhA, kasA and ahpC, may have 
contributed to the resistance to isoniazid.6 Sample 20 of the 
second cluster mutated in two codons, codon 281 and codon 
315. In codon 281, Alanine was changed to Valine while in 
codon 315, Arginine was originally Serine. Sample 18 of the 
third cluster had a mutation in codon 333 CTC to CTG 
(Leucine to Leucine), which may be considered a silent 
mutation since there was no amino acid change. All the 
members of the fourth cluster had mutations in codon 315. 
Threonine replaced Serine in majority of the samples. 
Sample 16 was located at some distance from the other 
samples since aside from having mutated codon 315, it also 
had mutation in codon 280. The two INH-resistant strains 
(i.e. with accession number), which are Genbank reported M. 
tuberculosis multidrug-resistant strains, belong to the last 
cluster.  
 
gyrA 

Among the thirty isolates, only about 10% was found to 
have point mutations in codons 90 and 94 (Table 1). 
Mutations in codon 94 were among the common mutations 
occurring in the gyrA gene. Among the isolates, mutation in 
codon 95 had not been observed.3 Mutation in codon 95 is 
considered the most common mutation in isolates resistant 
to ciprofloxacin. However, it was reported that it is not 
associated in the development of resistance to 
fluoroquinolones such as ciprofloxacin since it also occurs in 
susceptible isolates.3,6  

The first cluster includes the H37Rv strain and the 
samples wherein no mutation was identified. The second 
cluster consisted of samples that had mutations in codon 90. 
The two samples that belonged to the last cluster both had 
mutations in codon 94. Aspartate was changed to Glycine 
and to Phenylalanine in sample 19 and sample 13, 
respectively. 

 
Multi-locus Sequence Analysis 

The Multi-loci sequence alignment (MLSA) analysis 
showed the occurrence of eight clusters as presented in the 
results. The samples in the first cluster had no mutation and 
were grouped with H37Rv. Sample 40, the lone sample for 
the second cluster, had a mutation in its rpoB region. 
Meanwhile, the two samples for the third cluster had 
mutations in the same codon of the rpoB region although of 
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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

  
 

different resulting amino acid. Sample 20 was placed farther 
from the point of the wild type strains since it also had 
mutations in katG and gyrA.  

Samples from the fourth cluster had similar mutation in 
one gene while different in another. Samples 6 and 13 had 
the same mutation in the katG region. The latter had an 
additional mutation in the gyrA region placing it at some 
distance from the former. On the other hand, samples 19 and 
45 had the same mutation in the rpoB region. Sample 45 had 
an additional mutation in the katG region in the same codon 
with that in sample 6 and 13. Likewise, sample 19 also had a 
mutation in gyrA in the same codon with that in sample 13.  

The fifth cluster was the group with odd composition. 
Sample 39 should have been placed with sample 30 since 
they both had mutation in the same codon in rpoB. The 
remaining samples, however, had the same mutations in the 
katG region. Sample 42 had another mutation in the rpoB 
region making it different from the other samples in the 
cluster.  

The samples in cluster six had similar mutations for one 
codon of the  rpoB region. Samples 14 and 17 were separated 
from the other two since both have  double-point mutations 
for the rpoB region. Samples 31 and 37 had different 
nucleotide substitution in the same codon for the rpoB 
region but had the same mutation in the katG region. The 
samples in cluster seven all had the same mutations in the 
rpoB region. Only, sample 18 was placed farther since it had 
an additional mutation in the katG gene. The last cluster was 
composed of samples with the same mutations in both rpoB 
and katG regions. They were all reported in the Genbank to 
be multidrug-resistant tuberculosis. Sample 16, however, 
had an additional mutation in the katG region.  

The MLSA clustering showed all samples to be 
consistent in their clustering except for sample 39. Based on 
previous dendograms (Figures 2-4), rpoB showed seven 
clusters. The katG gene showed four clusters while gyrA 
showed three clusters. The eight clusters presented by 
MLSA suggested a possibility to genotype the isolates based 
on the three genes. The first cluster would comprise the wild 
type strains due to the absence of mutations while the third 
cluster would comprise the extensively drug resistant (XDR) 
strains due to the presence of mutations in all three genes (as 
exemplified by sample 20). The remaining six clusters would 
comprise the MDR strains. This suggests the existence of six 
genotypes for the MDR isolates and one genotype for XDR. 
The use of multiple loci (rpoB, katG and gyrA) provided a 
better genotyping option and identification of MDR-TB 
rather than the independent genes alone as criteria. 
However, the initially identified six clusters as putative 
MDR-TB genotypes need further validation in terms of 
agreement of their IS6110, spoligotype or MIRU-VNTR 
profiles (i.e., gold standards for TB genotyping).The putative 
genotypes also should be taken into account when 
developing an appropriate detection kit.  
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