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 Abstract
Background: Tuberculosis remains one of the major cause of morbidity and mortality in developing

countries like India despite intense health campaigning and Government Programmes.
Tuberculous lymphadenitis being the most common extra pulmonary manifestation of
tuberculosis the incidence still on higher margin especially in resource poor areas which
often goes unnoticed and remains as a diagnostic challenge to General Pathologists and
sometimes even to Cytopathologists. Moreover the sequelae of COVID-19 pandemic had
drastically impacted the management of TB, World Health Organisation had insisted to
maintain continuity of essential services for people affected with TB during the COVID-19
outbreak worldwide.

Aims & Objectives: To document the prevalence of tuberculous lymphadenitis among various patient groups
and also to advocate the best method in early and prompt diagnosis of tuberculous
lymphadenitis with an novel objective of proposing operational guidelines in the strategy of
eradicating Tuberculosis.

Materials & Methodology: In the prospective study conducted in SBV University Hospital, Puducherry a total number
of 151 cases clinically suspected of tuberculous LN were included and patients with
neoplastic lesion were excluded from this study. The lymph node aspirate collected were
analysed for tuberculous cytomorphological changes by using routine cytological stains
and observations were correlated with results of various ancillary diagnostic procedures.

Results & Observations: Among 151 cases studied, 120 cases showed tuberculosis indicating high prevalence. 31
aspirates showed classical tuberculous pattern on cytomorphology, correlating well with
histopathology (100%), Polymerase chain reaction (PCR) (100%) and culture (92%)
respectively. In rest of the 119 cases carrying non tuberculous pattern on cytology, further
exploration by ancillary diagnostic procedures revealed up tuberculosis in 79 cases with
confirmation by culture, Histopathology and PCR.

Conclusion: Our study showed prevalence of tuberculous lymphadenitis is on higher margin especially
among low sociodemographic group and cytological procedure in adjunction with ancillary
procedures proved to be reliable and helpful to Cytopathologists. PCR procedure could be
widely employed by the Government   especially in endemic regions with resource poor
diagnostic facilities with scope for creating platform of multiplexing with additional resources
so that PCR instruments can serve multipurpose testing tool

Keywords: Tuberculosis Lymphadenitis, PCR, COVID-19, Diagnostic tests

IntroductionTuberculosis (TB) being a chronic granulomatous infectionstill remains a major global health problem affectingmillions of populations annually worldwide [1]. It is rankssixth among the top ten causes of death worldwide and topsthe table in cases of  infectious condition [2]. It had beenestimated that by the year 2017, TB infection would present
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in all known manifestations 10.4 million with average riskof 1.7 million deaths annually [1,3].Geographically, Tropical Countries like India still continuesto be one among the nation to have highest tuberculosis(TB) burden globally, with an reported incidence of 2.81million laboratory proved TB cases and  among that 147000MDR/RR-TB cases in 2017 [1,4]. The case load hadincreased exponentially from 1.2 million to 2 millionduring short period of 2012 to 2018 [3,4]. World HealthOrganization [WHO] has recognized India as a vulnerablehotspot zone for TB Epidemic and as a leading cause ofmortality accounting to 27% on global rate [1,4,5]. Inaddition due to various factors and evolvement of newstrains, surge in incidence and prevalence of drug resistanceof TB (MDR-TB) had also been reported [6].The high level of inconsistency concerning clinicaldiagnosis and post mortem outcomes is disturbing amongseveral nations. Although younger children are highlysusceptible to the disease condition. TB strains have uniquefeatures making it complicated in the diagnosis of thedisease.Regardless of several awareness and managementprogrammes, there is steady rise in rate concerning anumber of 7 million new cases being reported and theexpected range of 9 to 11 million cases by the end of 2018,worldwide [3,4,6]. Whereas the present global pandemicscenario, all the wherewithal are being focussed on COVID-19 management, TB eradication programmes andmanagement had encountered a transient static which maylead to severe consequences as documented by Researchorganizations [3,4]. Tuberculosis infection being a T-cell mediated immuneinfection, it is known to occur in many forms and arebroadly categorized into pulmonary and extrapulmonarymanifestations of TB [1,7]. Extrapulmonary TB accountsfor three-fifth of tuberculous incidence in India withperipheral immune organs especially lymph nodes beingthe commonest site if manifestation and it is identified inthe form of Tuberculous Lymphadenitis [LNTB] [8]. Cervicalgroup of lymph nodes are commonly affected followed byaxillary and inguinal group of nodes [9]. An Indian paediatricgroup study demonstrated prevalence of superficiallymphadenitis as 27.5/1000 children and among theincidence LNTB accounts for 4.61/1000 cases [1,10].Mycobacterium Tuberculosis [MTB] being the causativeorganism of LNTB, its diagnosis remains crucial challengefor clinicians and diagnostic laboratory departments [11].Revised National Tuberculosis Control Programme[RNTCP] proposed Fine needle aspiration cytology [FNAC]along with demonstration for Acid fast bacilli [AFB] fromclinical isolated as an essential screening procedure for

any suspected LNTB or superficial lymphadenopathy[1,12]. The diagnosis can be made on cytomorphology bydemonstrating presence of epithelioid cell granuloma withlanghans giant cells and caseating type of necrosis [13,14].Since past decade of time, FNAC with demonstration of AFBwere the validated diagnostic procedure for LNTB owing toits minimal invasive and rapid report in spite of its knownlimitations [15, 16].Many instances cytomorphology had many mimickers withdifferentials, a multisystem approach is warranted todiagnose LNTB which includes culture studies and recentlyGenotyping expression of MTB by Polymerase chainreactions [PCR] [17, 18]. Mycobacterium culture beinghighly sensitive method in terms of sensitivity andspecificity, it has its own limitations in terms of duration toshow positive growth (approximately 6 to 8 weeks). PCRcame into existence which is based on targeting sequencesto detect MTB from clinical isolates at the level of genecomplexes and even species [19]. Various targetingsequences namely Insertion sequences [IS6110] ,H37RVstrain TRC4, hsp60,etc are applied on various specimenslike FNAC material, tissue biopsy, peripheral bloodmononuclear cells, etc. [20,21].The various diagnostic techniques which are utilized indetecting LNTB had only added to the already prevailingdilemma concerning to the diagnosis [1,22].  While majorityof studies conducted in India focusses on Pulmonary TB &its diagnosis, more light needs to be thrown uponExtrapulmonary manifestations of TB especially LNTB andits diagnostic modalities in terms of sensitivity andspecificity [22, 23].
COVID-19 Pandemic: Considerations for
tuberculosis (TB) careGlobally in the present scenario of COVID-19 pandemic, itis mandatory to ensure that all essential services andprogrammes dealing with chronic long standing healthdiseases should keep perusing to protect lives of patientssuffering from TB. In India health programmes had beencommissioned to combat TB being monitored under‘NIKSHAY portal’, still TB remain rampant leading to 0.5million death every year with 7 million peoples gettingaffected by the disease annually which is grossly higherthat the COVID-19 associated mortality rate. While strategiesare framed to eradicate TB by the end 2030, the recentCOVID-19 lockdown sequelae had predicted to be retard thetesting rate of TB by 75% as per WHO data which is fearedto end up with additional of 0.5 million deaths due to TBwith India being highly vulnerable. Modelling work hadproposed that if the sequelae of COVID-19 pandemic hadled to a global reduction of 25% in expected ratio of detectionof TB for past 3 months – a realistic possibility of
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disruption in TB services being observed in severalcountries with an anticipation of 13% increase in TB deaths,bringing us back to the incidence of TB mortality noted adecade back.While the laboratory diagnostic methods for TB and COVID-19 are quite distinct in respect to specimen’s nature,molecular technique [PCR is the currently advocateddiagnostic method for both the diseases. and individualsbeing evaluated for both conditions require specimenswhich are commonly different. The pipeline for effectivediagnosis of COVID-19 has flourished impressively withina time span of few months, potential for multiplexing withadditional resources is being proposed by widely Stop TBPartnership’s Global Drug FacilityHence the present study was commissioned in our hospitallocated in resource poor domain with a novel aim to identifythe prevalence of LNTB and to analyse the comparativemetric of efficacy of various diagnostic tools includinghistopathological evaluation of lymph node biopsies addinguniqueness to the study analysis.
MATERIALS & METHODOLOGY

Study DesignThe prospective cross-sectional study was conducted inthe Department of Pathology, Sri Balaji Vidyapeeth (Deemedto be University) located in South-Eastern Coastal part ofIndia mostly covering low sociodemographic population.The study was conducted for a period of 5 years from 2014to 2019 after obtaining Institute Ethics committee clearanceand informed written consent from the patients.
Patient Inclusion criteria(i) Patients referred to Cytology laboratory withsuperficial lymphadenopathy with strong clinicalacumen and suspicion of LNTB including patientsof anti-tuberculous treatment.(ii) Significant Lymphadenopathy.
Exclusion criteriaAspirates which showed features of neoplastic lesionsincluding lymphoma, metastatic deposits oncytomorphology were excluded from the study but directedfor further work up for malignancies.
Sample Size:151 cases with lymphadenitis.
Data & Sample collectionThe study was categorized into 2 sections.First Phase included registration of patient details, sample

collection by FNAC, culture study for isolated and Zeil-Neelsen studies (ZN stain).
Sample collectionThe lymph nodes from the enrolled patients were palpatedand aspiration was performed with 23-23 gauge needle asthe standard operating procedure (SOP) of our laboratory.A total of five parallel smears were made of the aspiratesand subjected to routine cytochemical stains (i). MayGrunewald stain (ii)? Papanicalou stain (iii). Two smearsfor ZN stain for evaluating cytomorphology under lightmicroscope. The staining were performed as per approvedguidelines and SOP. A positive case of LNTB oncytomorphology was rendered by presence of epithelioidgranuloma, longhand giant cells and caseating necrosis. Apositive case on ZN stain is documented by presence ofAFB as eosinophilic slender bacilli and confirmed itpresence in two consecutive slides.Under strict aseptic precautions a portion of the aspiratedmaterial (0.1-0.2ml) was subjected for culture study andthe sample was inoculated on Lowenstein Jensen slant [LJ]medium and incubated 37oC and the slant was screened forgrowth.
Polymerase chain reaction (PCR)A portion of the remaining samples left out in the needlewas directed to PCR study-conventional type (Qiagen,Hilden, Germany) for DNA genotyping with an insertionelement IS6110 oligonucleotide. Totally 3 primers were usedone forward and two reverse set for detection of MTB withspecies. MTB reference strain (H37RV) grown on LJ agarwas used as reference strain to document positive cases.An assay mixture with composition 25µl was formulatedwith the following (i). Forward primer 0.6µM, reverseprimer N-tb & BMB–R each. With a composition of 0.325µlwith addition of PCR buffer reagents as provided by themanufacturer kit. The primer composition sequencesapplied are IS-F 5’ –CCTGCGAGCGTAGGCGTCGG-3’ and IS-R 5’ – CTCGTCCAGCGCCGCTTCGG-3’. The positive controlsfor every reaction was composed of 2 tubes of DNA ofMTB (H37RV strain-Ladder pattern). The PCR procedure wasrun at the temperature of 95oC with amplification of the123bp fragment of IS6110. First cycle was run at temperatureof 95oC for 10 minutes duration and other 45 cycles at same95oC & 60oC each for a duration of 30 seconds and 72oC for40 seconds and at last step brought down to roomtemperature for cooling down. Various plots were generatedby picking up positive and negative controls, appropriatemelting points etc.
Histopathology Evaluation of Biopsy samplesExcision biopsy of lymph nodes were advised in cased
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where a definite diagnosis could not be arrived on cytologyand culture studies and in patients where there was noresponse to treatment at clinician’s discretion. The biopsyspecimens obtained were fixed in 10% formalin andprocessed by automated tissue processor adopting the 24hours scheduling. Microscopical sections of 3 to 4 micronswere cut for conventional histopathological evaluation withhaematoxylin and eosin stain. The histopathologicaldiagnosis of tuberculous lymphadenitis was made basedon the morphological presence of typical caseating necrosiswith epithelioid granuloma, langhans multinucleated giantcells and ZN stain was performed to look for the presenceof bacilli.
Results & ObservationsThe study analysed various diagnostic modalities LNTBon 151 suspected patients enrolled in the study. The ageincidence ranged between 2 years to 60 years with highincidence from 3rd decade to 5th decade as shown in Graph-1. With regard to gender, male preponderance was observedup to fourth decade with average of Male: Female ration of2:1 and the ratio started to flatten in equal proportion after4th decade as shown in Graph-1.With context to site distribution, cervical group of nodestopped the table (60%) followed by axillary (27%) andInguinal group (13%) as depicted in Graph-2. The durationof lymphadenopathy ranged between 20 days to 24 months

indicating the chronicity of the infection.The cytomorphological patterns on the smears werecategorized into two broad spectrums(i) Classic granulomatous tubercular pattern constituting31 cases(ii) Non-tubercular pattern-which included non-necrotizing (20 cases), suppurative (35 cases),reactive (55 cases) and non-diagnostic (09 cases).Patients with non-tubercular pattern who were onantibiotics started empirically showed poorresponse to treatment thereby warrantingsubsequent biopsy and further explorations. Thecytomorphological patterns correlated and varied inequal proportion with subsequent Histopathologyreport of lymph node biopsy and PCR reports fromisolated which were elaborated in Table-1. Substantialvariations were observed in case of reactivelymphadenitis where 55 cases showing reactivepicture on cytology turned out to be LNTB onsubsequent biopsy (N=15) and PCR revealed LNTBin 29 cases (n=55). Similar variations were observedin case of acute suppurative and non-necrotizinggranulomatous lymphadenitis thereby directingcytopathologists to be judicious while dealing withnon-tuberculous pattern on cytology smears.Classic LNTB on cytomorphology correlated well withsubsequent reports whereas non-classical pattern variedsignificantly reiterating the need for additional diagnosticstudies to rule out possibility of LNTB. Interestingly, 8 outof 9 cases which were reported as non-diagnostic oncytology proved to be LNTB on PCR and confirmed onbiopsy thereby emphasizing the limitations of cytology.The data from culture, ZN stain were compared individuallyand also comparative metric keeping PCR  results asreference standard as tabulated in Table-2, from which it isevident that ZN stain  has low pick up rate whereas culturestudy though significant also proved to vary in few casesthereby emphasizing the demerits of standalone procedures.
Statistical AnalysisThe data obtained by various diagnostic tests were analysedin terms of sensitivity, specificity, positive predictive valueand the diagnostic odds ratio for prevalence.Keeping histopathological evaluation of lymph nodeexcision biopsy as gold standard methods (n=80/150) andPCR as standard reference methods, the parameters werecalculated for TB lymphadenitis =120; True positive (TP) =108; True negative (TN) = 30; False positive (FP) = 3; Falsenegative (FN) =25Prevalence of the disease= T disease /Total population X100(133/151X100= 89%)

Graph 1: Age & Gender distribution of superficial lymphadenopathy of
study population.

Graph 2: Site Distribution of superficial lymphadenopathy of enrolled
patients.
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Table 1: Comparison of FNAC, histopathology and PCR in patients
with superficial lymphadenopathy

Table 2: Comparative metric of conventional procedures with PCR

Prevalence of Disease = 9.9%Positive predictive value (PPV) of the disease: A/ (A+B)X100PPV= 97%Negative predictive value of disease: (NPV): D/ (D+C) X100NPV= 56%

Sensitivity and specificityThe parameters sensitivity and specificity beingcharacteristics of tests and calculated by,Sensitivity:   A/ (A+C) X100; Specificity: D/ (D+B) X100.All the diagnostic test had significant p value withsensitivity and specificity as depicted in Table-4.When combined diagnostic tests are performed it provedto be significant and reject ‘null hypothesis’ (with 95%confidence interval) than standalone procedure in diagnosisfor LNTB as evident from Table-5 which shows thestatistical analysis in quanta. The observations showedthe ‘power value of the study rejected Type-2 error whichis more among studies in tropical countries

Table 3: Statistical parameters analysis
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Table 4: Statistical Analysis of data (keeping Histopathology as Gold Standard)

Table- 5: Summary of statistical analysis and comparative metric values of various diagnostic
tools in detection of LNTB (N=120 LNTB )
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DiscussionThe incidence of extra pulmonary manifestation oftuberculosis is highly on increasing margin as proposedby WHO with high morbidity and mortality with emergenceof Multi drug resistance [MDR] especially among ruralpopulation [1-5]. FNAC procedure is useful rapid diagnosticmethod for detection of etiology of lymphadenitis [6-8].Inflammation and swelling of lymph node is one of thecommon clinical presentation and an indicator of variouspathological conditions and it is often treated as a systemicdisease [9-11]. In India till date, the diagnosis of LNTB isbased primarily on clinical evaluation and lab diagnosiswith culture study with many pros and cons [1,2,12]. Thepresent study was also aimed to analyse the efficacy ofvarious diagnostic methods in diagnosing classic as wellas non-classical cases with underlying evidence oftuberculous lymphadenitis in high prevalence areas.Researchers have proposed that effective diagnosis of LNTBcould be achieved with a multi-diagnostic approach ratherthan standalone procedures. Lymphadenitis ofgranulomatous inflammation is of chronic nature knownto yield good amount material on aspirates due to highproliferation of lymphoid population of cells as immuneresponse [14-17].Cytomorphology detection of LNTB is based ondemonstration of epithelioid granuloma with caseatingnecrosis (Fig-1), but it has its own limitation with asensitivity and specificity of 65 % and 89% respectivelyas evident from the present study concords with priorstudies done. [22-24]. The reasons attributed to the variedefficacy are multiple factors like foci of aspiration, natureof aspirate, technical expertise, mimickers of several othergranulomatous lesions on microscopy thus owning itslimitations in clinical situations [25]. Lymphadenitis dueto non-MTB are usually resistant to anti-tubercular drugsand very often categorized as MDR-TB. Nevertheless, thistechnique paves way for collecting materials for furtheradditional examinations [26,27].

Zeihl Neelsen (ZN) staining is a technique to demonstrateAcid-Fast bacilli (MTB) which has high specificity (96%)despite very low pick-up rate (sensitivity-65%) as observedin our study concurring with previous studies done (Fig-2)[28]. The overall positivity of AFB in aspirates ranges from36 % to 60 % as seen in the present study as well. Thereason for the low sensitivity and low negative predictivevalue is the bacterial load, foci of aspiration and treatmenthistory [27,28].  The concentration of bacterial load isdirectly proportional to sensitivity of ZN stain and it hasbeen explored that that a minimum of 10000 bacilli/UL isrequired for demonstration for ZN stain which is highlyuncommon in majority of cases as observed in the study[29].

Figure 1: Cytomorphology of lymph node  showing epithelioid cell
granuloma, Pap-40X

Figure 2: Zeihl-Neelsen stain showing AFB, ZN-Oil Immersion, 100XCulture studies is which being more sensitive and specificis considered as gold standard method to demonstrate MTBalong with biochemical test. In the present study culturestudy has a sensitivity of 88.4% and specificity of 90.5%.Prior studies proposes that sensitivity and specificity ofculture varies between 40% to 90% in clinically suspectedcases of LNTB and our observation falls into the reportedrange [2,7,27]. Although being highly efficient, it requires6 to 8 weeks before a positive visual growth is noted. Anothermajor shortcoming in culture study is that it cannotdifferentiate and categorize speciation of the genus of themycobacterium thus unhelpful to the Clinicians to initiatetreatment since the course of treatment varies according tospecies [28,29]. In 5 cases culture study was negative wherePCR and biopsy was positive for LNTB due to the reasonthat the patient was already on ATT. All these shortcomingsare inherent and Bac T system could be advocated inresource poor areas to avoid longer duration [21,29].In past decade, various studies had been carried out toemphasize PCR from FNAC aspirates or subsequentexcision biopsy of lymph node could improve the sensitivityof diagnosis of LNTB to 99% when compared toconventional techniques alone [21,27]. PCR being highly
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sensitive method for detection of MTB in Extra pulmonaryLNTB, it has a sensitivity and specificity of 95% and 96%as evident from our study. (Fig -3) The reason for highefficacy is that it could detect MTB even in very low bacterialload concentration of 100/µL whereas other techniquesrequire at least 1 million bacilli/µl to show positive results.The efficacy of PCR was found to be at par withHistopathological evaluation of LNTB (Fig-4). Few cases(5 cases) in the present study were found be negative inPCR with positive on culture studies. The reason was unlikeculture, PCR does not distinguish between live and deadMTB, which is also a major limitation as it could not beapplied for screening for viable MTB in samples like dairyproducts, exposure to antibiotics which is known to inhibitMTB. Another major limitation of PCR is challenge to getexpertise and financial support as it is relatively expensiveprocedure [29]. Single cell RNA seq can precisely resolvecellular states for low-cost RNA sequencing of single cellsat high throughput.

Figure 3: Conventional PCR with IS6110M sequence and H37RV
strain with Ladder pattern

Figure 4: Histopathology of LNTB showing caseating necrosis, H&E-
40X-High Power

Critical Appraisal of the studyThe present study is cross sectional type with meta-analysisof observations in reference to recent researches on LNTBworldwide including Tropical countries. The incidence ofLNTB among South-East Coastal population is substantiallyhigher with diagnostic interpretations showing variedefficacy. While biopsy being an invasive procedure, PCRtest serving as a non-invasive highly efficient robust toolin diagnosis of LNTB, situation still remains as acontemplatory vision to get it established in outlyingbackwoods areas. Hence Government and state health careauthorities must step up initiatives on an emergency toestablish diagnostic testing instruments with optimalresources at rural areas as per the respective populationratio apart from nodal testing centres. New Resources rolled-out for COVID-19 testing should be mobilised during thisepisode with scope for multiplexing for testing TB as well,rather than solely relying only on the existing availableresources that are used for diagnosing TB, to ensure thatthe diagnostic coverage for TB is maintained as a mandate.[30-3] While several PCR kits being purchased for testing COVID-19 pandemic at all regions, manufacturer can be instructedto install inbuilt provisions for TB testing with primer andprocure critical supply with collaborative partners therebyby making a platform for testing TB as proposed by WHOand Stop TB Partnership’s Global Drug Facility [34]. Thisupgradation in diagnostic equipment will also justify bysubstantiating judicious and simultaneous use ofwherewithal’s [36].
ConclusionIn the Modern era of Medicine with several innovative, theincidence of tuberculous lymphadenitis is on higher marginthan assumed and expected among the study populationand diagnosis still remains a challenging task to cliniciansand Pathologists. Combination of diagnostic procedurescould serve as a novel method in detection of LNTBespecially in patients with poor response to treatment inresource poor areas. Application of molecular proceduresfor routine diagnosis in country like India depends on variedfactors. We conclude with a novelty that even conventionalPCR with IS6110 is a robust rapid, economical, sensitivemethod, it be could be advocated as routine diagnostic toolin primary care centres which warrants minimalinfrastructure to complete assays in areas with minimalresources. Health Care Programmes need to be continuedthat the diagnostic needs of TB patients are not neglectedwhile COVID-19 testing is rolled out with scope forincorporating multiplexing of PCR instruments.
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