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INTRODUCTION 

Glycosylated Hb or HbA1c, a fraction of Hb, is used to 

evaluate the average blood glucose level over the 

preceding 2 to 3 months. The analysis of HbA1c by HPLC 

or capillary electrophoresis (CE) also gives an indication 

of the presence of variant Hb; however, the protocol for 

reporting and management of the incidental detection of 

Hb variants is not well established. Many clinical 

laboratories do not report the presence of Hb variants, 

whereas others report them only if they interfere with 

HbA1c measurement.1  

Hemoglobinopathies are important inherited disorders that 

are very high in prevalence in India, causing significant 

public health problems. The most predominant variants are 

Hb S, Hb D, and Hb E, with a cumulative gene frequency 

of 5.35%.2,3,4 Severe forms of hemoglobinopathies are 

typically diagnosed early by clinicians, but carriers often 

go unnoticed due to lack of symptoms. They are usually 

identified through family analysis, screening programs, or 

HbA1c measurement by HPLC and CE. However, it is 

important to exercise caution when presumptively 

identifying a Hb variant, as other rare variants may exhibit 

similar migration patterns on CE or HPLC.5 
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ABSTRACT 

This case report documents the first reported instance of hemoglobin (Hb) Deer Lodge in an Indian family, discovered 

during routine HbA1c testing using high-performance liquid chromatography (HPLC). A 34-year-old clinically 

asymptomatic male (proband) showed an unexpected peak on HPLC, indicative of a Hb variant. Subsequent family 

screening revealed the same variant in the proband's mother. Multiple analytical platforms (HPLC and capillary 

electrophoresis) identified a Hb variant with migration patterns inconsistent with common variants. Genetic sequencing 

confirmed the HBB:c.8A>G mutation in the β-globin gene, corresponding to Hb Deer Lodge, a rare variant previously 

reported in non-Indian populations. Additional single nucleotide variants (SNVs), including HBB:c.9T>C, were 

identified in the family, with some showing high prevalence in the eastern Indian population. Functional analysis 

suggests that Hb Deer Lodge slightly alters oxygen affinity but remains clinically silent. This report emphasizes the 

importance of comprehensive analysis for Hb variants detected during routine screening, especially in regions with high 

genetic diversity. Furthermore, it highlights the potential for rare variants to complicate HbA1c measurements, 

necessitating confirmatory testing and cautious interpretation in clinical practice. 
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The present report describes two cases (proband and 

mother) where analysis on three different platforms could 

not conclusively identify a Hb variant. Molecular genetic 

analysis subsequently confirmed the variant as Hb Deer 

Lodge, along with several single nucleotide variants 

(SNVs). To date, few cases of Hb Deer Lodge have been 

reported, and this is the first case from India. 

CASE REPORT 

A 34-year-old clinically asymptomatic male (proband) 

was referred as part of a comprehensive health check-up. 

Blood samples from his parents, who were also clinically 

asymptomatic, were collected for family screening after 

variant hemoglobin was detected in the proband. 

Blood samples were collected in K2 EDTA tubes (Becton, 

Dickinson, and Company; NJ, US). Hemogram analysis 

was performed on the BC 6800 Plus analyzer (Mindray; 

Shenzhen, China) using CDR (Count, Differential, and 

Reticulocyte) mode. 

HbA1c was initially analyzed on the D10 analyzer (Bio-

Rad laboratories; California, United States) using the 

HbA1c protocol. An unexpected unknown peak on the 

chromatogram indicated the presence of a hemoglobin 

variant. Although the HbA1c result was within normal 

limits and the patient was non-diabetic, reanalysis was 

performed on the c311 analyzer (Roche; Basel, 

Switzerland) using the Tina-quant hemoglobin A1c assay. 

At our center, a protocol for comprehensive analysis of 

suspected hemoglobin variants, including family 

screening, is followed. Variant hemoglobin analysis was 

conducted on three different platforms; 1) D10 analyzer 

(Bio-Rad laboratories; California, US) using the HbA2/F 

protocol. 2) Variant V-II instrument (Bio-Rad 

laboratories; California, US) using the beta thalassemia 

short program. 3)Minicap Flex Piercing capillary 

electrophoresis system (Sebia; Lisses, France). 

For final confirmation, HBB gene sequencing was 

performed on the Genestudio S5 Sequencing instrument 

using the Ion Torrent™ Ion CarrierSeq™ ECS panel kit. 

DNA extraction and library preparation were carried out 

according to the manufacturer’s protocol. 

As shown in Table 1, the proband and his mother exhibited 

near-normal hemogram findings, with marginally elevated 

reticulocyte counts in both cases. 

The A1c mode (Bio-Rad D10) chromatogram for proband 

indicated the presence of variant Hb (43.7%) at a retention 

time of 1.55 minutes. This was further confirmed in the 

A2/F mode (Bio-Rad D10) chromatogram, which detected 

the variant Hb at 39.4% with a retention time of 2.95 minu.  

Additionally, the β Thal mode (Bio-Rad VII) 

chromatogram revealed a similar variant Hb (40.7%) with 

a retention time of 3.5 minutes (Figure 1). 

 

Figure 1: HPLC chromatogram of proband. 

The mother’s HPLC analysis also demonstrated the 

presence of a variant Hb with comparable concentrations 

and retention times: 43% in the A1c (Bio-Rad D10) 

chromatogram at 1.55 minutes, 50.4% in the A2/F (Bio-

Rad D10) chromatogram at 3.01 minutes, and 41.2% in the 

β-thal (Bio-Rad VII) chromatogram at 3.52 minutes 

(Figure 2). Based on the available library of Bio-Rad D10 

(A2/F mode), potential matches for the retention times 

include Hb E (RT: 2.87–2.90), Hb Toulon (RT: 2.96), and 

Hb G Copenhagen (RT: 2.91).  

Similarly, the library of Bio-Rad VII (β-thal mode) 

suggested differential diagnosis like, Hb Toulon (RT: 
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3.57), Hb D Iran (RT: 3.55), and Hb G Coushatta (RT: 

3.48). 

Further analysis using capillary electrophoresis (CE) 

confirmed the presence of a variant Hb in both individuals 

within Zone-7 or Zone-F (Figure 3).  

Manufacturer guidelines suggested possible differentials, 

including Hb F, Hb Willamette, Hb Alabama, Hb Chapel 

Hill, Hb Park Ridge, Hb Porto Alegre, Hb Q-Thailand (G-

Taichung), Hb Sabine, Hb Bassett, Hb Rampa, Hb G-San 

José, Hb Barcelona, Hb Geldrop Santa Anna, Hb 

Richmond, Hb Boumerdes, Hb Swan River, Hb Burke, Hb 

Tarrant, Hb Presbyterian, Hb Manitoba I, Hb Manitoba II, 

Hb Port Phillip, and "J-Rovigo" Hb A2 variant, among 

others. 

Since the results from all three instruments did not exhibit 

concordance, HBB gene sequencing was performed.  

The run plan and plugins were applied as per the protocol, 

and raw data were analyzed using identify digital genetic 

assistance software. The observed data quality was within 

acceptable limits (total read aligned 99.99%, uniformity 

98.35%, data on target 98.79%). 

The proband and his mother were found to be 

heterozygous for the HBB:c.8A>G mutation, leading to 

the formation of the variant Hb Deer Lodge (mutation 

location: exon; hg38: chr11:5,227,014; beta 2(NA2) 

His>Arg, resulting in the substitution of histidine with 

arginine).  

Additionally, the proband exhibited four single nucleotide 

variants (SNVs), while the mother displayed five SNVs. 

Although the father did not carry a variant Hb, he was 

found to have four SNVs, (Table 2) (Figure 4-6). 

Table 1: Hematology and HPLC data of both cases. 

Parameters Proband Mother 

BC 8600 plus 

WBC×103/μl 11.21 12.67 

HGB gm/dl 15.6 13 

RBC×106/μl 5.63 5.09 

HCT% 47.4 40.3 

MCV fl 84.1 79.2 

MCH pg 27.7 25.6 

MCHC g/dl 32.9 32.3 

RDW CV % 13.8 14.6 

RDW SD fl 41.3 40.9 

PLT×103/μl 329 324 

MPV fl 9.1 10 

PDW 16 15.9 

PCT % 0.258 0.314 

Retic% 1.76 1.66 

Retic# 106/μl 0.0992 0.0842 

IRF % 4.8 3.9 

RHE pg 27 25.7 

D10 HbA1c protocol 

A0 @ 1.45 RT 44.80% 44.60% 

Unknown Hb @ 1.55 RT 43.70% 43.00% 

Hb A1c @ 0.96 RT 5.80% 5.90% 

D10 HbA2/F protocol 

A0 @ 1.73 RT 47.30% 47.50% 

A2 / Unknown @ 2.95-3.01 RT 39.40% 50.40% 

Biorad VII beta Thal short 

A0 @ 2.4 RT 46.90% 48.80% 

A2 @ 3.5 RT 40.70% 41.20% 

Sebia minicap electrophoresis 

HbA (Zone) 55.00% 54.50% 

Unknown Hb (Zone) 42.20% 42.70% 

HbA2 (Zone) 2.80% 2.80% 

Table 2: HBB Gene mutation data of entire family. 
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Mutation Proband Father Mother 

HBB:c.8A>G (Hb Deer Logde) Present (0.51) Absent Present (0.52) 

HBB:c.9T>C (Exonic SNV) Present (1) Present (1) Present (1) 

HBB:c.316-185C>T (Intronic SNV) Present (1) Present (1) Present (1) 

HBB:c.315+16G>C (Intronic SNV) Present (1) Present (1) Present (1) 

HBB:c.315+74T>G (Intronic SNV) Absent Absent Present (0.5) 

HBB:c.*316A>C (Downstream SNV) Present (1) Present (1) Present (1) 

 

Figure 2: HPLC chromatogram of mother. 

 

Figure 3: Capillary electrophoresis patterns of proband and mother. 
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Figure 4: HBB gene sequencing of proband. 

 

Figure 5: HBB gene sequencing of mother. 
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Figure 6: HBB gene sequencing of father. 

DISCUSSION 

The name Hb Deer Lodge was given when it was first time 

detected in Deer Lodge hospital, Winnipeg in a 50-year-

old Canadian male of Welsh-Dutch-English ancestry, 

where it showed different electrophoretic mobility on 

alkaline pH. Purification and characterization of the 

variant fraction showed that it contained an arginine in 

place of a histidine residue in the position next to the N-

terminal residue of the beta polypeptide chain. The novel 

variant was named Hb Deer Lodge.6 Since the first 

reported case, few cases of Hb Deer Lodge have been 

sporadically reported in Caucasian American, Black, and 

Venezuelan populations, all of them were clinically 

silent.7-9 Upon extensive reviewing the literature, we could 

not find a documented case in an Indian family. 

The mutations at the β2 (NA2) position of the Hb beta 

chain demonstrate a variety of amino acid substitutions 

that impact Hb’s structural and functional properties. 

Notably, the substitution of histidine with arginine in Hb 

Deer Lodge (HBB:c.8A>G) alters the 2,3-

diphosphoglycerate (2, 3-DPG) binding site, resulting in 

slightly increased oxygen affinity, reduced cooperativity, 

and an amplified Bohr effect.10 Similarly, other mutations 

at this position include Hb Fukuoka (HBB:c.7C>T; 

His→Tyr), Hb Franklin Park (HBB:c.7C>A; His→Asn), 

Hb Agrigente (HBB:c.8A>C; His→Pro), Hb Graz 

(HBB:c.8A>T; His→Leu), Hb Marseille (also known as 

Hb Long Island-Marseille; HBB:c.8A>C; His→Pro), and 

Hb Okayama (HBB:c.[9T>A or 9T>G]; His→Gln). 

Among these, Hb Agrigente and Hb Okayama elute in the 

Hb A1c zone during HPLC analysis, leading to falsely 

elevated HbA1c levels, which could complicate glycemic 

control assessment.11- 14 

Interestingly, a silent mutation, HBB:c.9T>C, at the β2 

(NA2) position does not result in an amino acid change 

(His→His). This polymorphism, first identified in Odisha, 

India, is present in approximately 20% of the state’s 

population, suggesting a significant single nucleotide 

polymorphism prevalence in this region. The present study 

also detected this mutation in its homozygous form in all 

three family members.15 

The present study also found the HBB:c.316-185C>T and 

HBB:c.315+16G>C are intronic SNVs, also with a 

prevalence of 12% in the eastern part of India. The 

HBB:c.315+74T>G (intronic SNV) and HBB:c.*316A>C 
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(downstream SNV) were not found in published data from 

India.15 

CONCLUSION 

This case report presents the first documented instance of 

Hb Deer Lodge in an Indian family, identified incidentally 

during HbA1c testing. The reluctance of many clinical 

laboratories to report Hb variants detected during HbA1c 

analysis, possibly due to their clinically silent nature, 

highlights a significant gap in practice. The authors 

advocate for the routine reporting of such variants and 

recommend that clinical laboratories actively engage with 

patients and clinicians to facilitate further investigations, 

including comprehensive family screening when 

appropriate. The diagnostic workflow employed in this 

case, encompassing HPLC, CE, and molecular genetic 

analysis, underscores the critical role of multidisciplinary 

approaches in accurately identifying rare Hb variants. 

While Hb Deer Lodge is clinically silent, other Hb variants 

can significantly impact HbA1c interpretation, 

underscoring the necessity of confirmatory testing when 

anomalous chromatographic peaks are observed. This 

report contributes to the expanding knowledge of 

hemoglobinopathies in the Indian population and 

highlights the need for further research to assess the 

prevalence and clinical relevance of rare Hb variants 

across diverse ethnic groups. 
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