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Background.   Minimally invasive tissue sampling (MITS) is an alternative to complete autopsy for determining causes of death. 
Multiplex molecular testing performed on MITS specimens poses challenges of interpretation, due to high sensitivity and indiscrim-
inate detection of pathogenic, commensal, or contaminating microorganisms.

Methods.  MITS was performed on 20 deceased children with respiratory illness, at 10 timepoints up to 88 hours postmortem. 
Samples were evaluated by multiplex molecular testing on fresh tissues by TaqMan® Array Card (TAC) and by histopathology, special 
stains, immunohistochemistry (IHC), and molecular testing (PCR) on formalin-fixed, paraffin-embedded (FFPE) tissues. Results 
were correlated to determine overall pathologic and etiologic diagnoses and to guide interpretation of TAC results.

Results.  MITS specimens collected up to 3 days postmortem were adequate for histopathologic evaluation and testing. Seven different 
etiologic agents were detected by TAC in 10 cases. Three cases had etiologic agents detected by FFPE or other methods and not TAC; 2 were 
agents not present on TAC, and 2 were streptococci that may have been species other than those present on TAC. Result agreement was 
43% for TAC and IHC or PCR, and 69% for IHC and PCR. Extraneous TAC results were common, especially when aspiration was present.

Conclusions.  TAC can be performed on MITS up to 3  days after death with refrigeration and provides a sensitive method 
for detection of pathogens but requires careful interpretation in the context of clinicoepidemiologic and histopathologic findings. 
Interpretation of all diagnostic tests in aggregate to establish overall case diagnoses maximizes the utility of TAC in MITS.

Keywords.   minimally invasive tissue sampling; MITS; multiplex PCR; TAC; TaqMan® array card; histopathology.

Mortality surveillance is critical to improving health outcomes 
and reducing mortality rates in low- and middle- income coun-
tries (LMICs) [1, 2]. Complete diagnostic autopsy (CDA) is the 
gold standard for cause of death determination but is not rou-
tinely performed, especially in LMICs [3–6]. In settings where 
verbal autopsy is conducted, its sensitivity in identifying infec-
tious disease and agreement with CDA is low [6, 7]. Minimally 
invasive tissue sampling (MITS) approaches utilizing post-
mortem needle biopsies, in conjunction with verbal autopsy, are 
gaining acceptance as an alternative to CDA [4, 6, 8].

MITS specimens can be used for histopathologic evalua-
tion and various microbiological test methods, although re-
sults from MITS studies have shown variable concordance with 
CDA [6, 9, 10]. A recent study conducted at Kenyatta National 
Hospital showed an overall histologic concordance rate of 66% 
and pathogen detection using multiplex molecular testing con-
cordance rate of 80% between specimens collected using MITS 
techniques and CDA [11]. MITS is now increasingly being used 
in combination with laboratory tests for cause of death determi-
nation in low-resource settings [2, 6]. Nonetheless, interpreta-
tion of laboratory results performed on MITS specimens can be 
challenging, and even more so when utilizing multiplex assays 
that detect a wide range of infectious agents that could represent 
any combination of pathogenic, commensal, or contaminating 
microorganisms, the presence of which could be influenced by 
postmortem interval [12-15].

Here we evaluate effects of postmortem interval on histopa-
thology and detection of infectious agents and describe a pro-
cess for interpreting TaqMan® Array Card (TAC) results from 
MITS samples. As described by Dawa et al, we demonstrated 
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reliability of TAC on MITS specimens obtained up to 88 hours 
after death and that concordance of TAC results varied within 
and among tissue types from the same patient [16]. Herein, we 
describe the process of interpreting the significance of TAC 
results in the context of disease etiology and highlight the im-
portance of correlating TAC and other laboratory results with 
pathologic findings when assessing the contribution of specific 
infectious agents to causes of death.

METHODS

Study design, sample collection, and molecular testing by TAC 
have been described in detail [13, 16]. The list of infectious 
agents tested by TAC is provided in Supplementary Table 1. 
In brief, 20 deceased children (median age, 8  months [range, 
1–53  months]) with hospital diagnoses of respiratory illness 
were enrolled. Refrigerated bodies were sampled immediately 
and then every 6 hours for 9 collections, followed by a final col-
lection 24 hours later. All cases had lung and liver specimens 
collected for histopathology and lung specimens collected for 
TAC; 5 cases also had blood and liver specimens collected for 
TAC testing. A list of agents tested by TAC and detailed methods 
for histology, immunohistochemistry (IHC), polymerase chain 
reaction (PCR) on formalin-fixed, paraffin-embedded (FFPE) 
MITS specimens, and assessment of MITS quality by histopa-
thology are provided in the Supplementary Materials.

Assessing TAC Result Significance and Achieving Case Diagnoses

TAC results were interpreted as positive or negative based on 
cycle threshold cutoff value of ≤40 with result validation as estab-
lished during assay development and optimization [13]. Positive 
TAC results were considered “contributory” if histopathologic 
evidence of disease attributable to the agent was present and the 
agent was confirmed by IHC or PCR testing, as available. TAC 
results were considered “equivocal” when consistently detected 
(>4 of 10 timepoints) but without corresponding histopa-
thology or detection by other methods, or when there exists the 

possibility of the agent’s significance without overt pathology 
(eg, acute sepsis or viremia). TAC results were considered “ex-
traneous” when characteristic histopathology was absent and 
the agent was detected only in a few (<4 of 10) specimens by 
TAC, or if aspiration was present and the agent could be reason-
ably attributed to that. Aspiration was diagnosed based on pres-
ence of foreign material (eg, food, squames) with or without 
mixed bacteria, and with or without associated granulomatous 
inflammatory response. Individual overall case diagnoses were 
achieved in an iterative process, taking into consideration avail-
able clinical history, histopathologic findings, and test results 
(Figure 1). Correlation of histopathology, TAC, and other test 
methods was performed across all cases to assess the utility and 
contribution of each to case diagnosis in MITS.

Ethical Considerations

Ethical approval to conduct the study was provided by the 
Kenya Medical Research Institute, Scientific Ethics Review Unit 
(KEMRI/SERU/CGHR/1003562) and the Kenyatta National 
Hospital–University of Nairobi Ethics Review Committee 
(P82/02/2018).

RESULTS

MITS Adequacy and Quality

Overall technical adequacy of tissue for histopathologic evalu-
ation was 92% (184/200) for right lung, 87% (174/200) for left 
lung, and 99% (99/100) for liver specimens (Figure 2). Seven 
of 43 (16%) technically inadequate specimens had significant 
histopathologic findings in the small fragments of target tissue 
present. Nontarget tissue was present in 49 of 200 (25%) right 
lung, 74 of 200 (37%) left lung, and 11 of 200 (6%) liver speci-
mens. Nontarget tissue present with lung specimens included 
muscle, heart, connective tissue, airway, liver, fat, bone, marrow, 
vessel, cartilage, thymus, lymph node, and skin. Nontarget 
tissue present with liver specimens included muscle, gastroin-
testinal tissue, kidney, lung, skin, and connective tissue.

Figure 1.  Iterative process for achieving etiologic diagnoses in minimally invasive tissue sampling specimens. Abbreviations: FFPE, formalin-fixed, paraffin-embedded; IHC, 
immunohistochemistry; PCR, polymerase chain reaction; SS, special stains; TAC, TaqMan Array Card.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab772#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab772#supplementary-data
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Autolysis was minimal up to the last sample collections  
(77–88 hours after death) for all cases and did not interfere 
with assessment of tissue morphology or pathology. There was 
also no evidence of postmortem bacterial overgrowth by ex-
amination of hematoxylin and eosin– or Gram-stained tissue 
sections. Instead, all bacteria seen were attributable to patho-
logic infectious disease processes (n = 3), aspiration (n = 1), or 
contamination from gastrointestinal tissue (n = 1).

Effect of Postmortem Interval on Histopathologic Findings

One hundred twenty-six of 200 (63%) left lung and 129 of 200 
(65%) right lung specimens from 18 of 20 (90%) cases had sig-
nificant histopathology (Figure 2). These included broncho-
pneumonia in 6 of 20 (30%), interstitial pneumonitis in 11 of 
20 (55%), diffuse alveolar damage in 7 of 20 (35%), necrosis in 
2 of 20 (10%), viral inclusions in 3 of 20 (15%), and acute and 
chronic aspiration in 7 of 20 (35%) cases, with >1 finding pre-
sent in 10 of 20 (50%) cases. Cases with significant infectious 
etiologies identified in the lung (n = 10) had a higher number 
of lung samples (mean 16, median 19 of 20 total lung samples) 
with significant histopathologic findings than cases without 
infectious etiologies identified in the lung (n = 10; mean 11, 

median 12). There was no significant difference among number 
of collection timepoints (range 23–28, median 25/40) for pres-
ence of diagnostic lesions in lung specimens, and no partic-
ular timepoint or range was better for identifying lung lesions. 
Notable findings in liver tissues were limited to hepatocellular 
necrosis in 3 cases, steatosis compatible with malnutrition in 
2 cases, and presence of bacteria in 2 cases with sepsis. One 
sepsis case (case number 15) also had bacterial bronchopneu-
monia, and the other was identified only in the liver specimens 
(case number 5). Liver findings were consistent across all 10 
timepoints of sample collection for each case. Since lung pa-
thology predominated among these cases, further detailed anal-
ysis was limited to lung specimens.

Agreement of TAC With Histopathology and Other Test Methods

Etiologic agents (ie, those deemed significant to the observed 
pathology and to the patient’s cause of death) identified for each 
case and associated contributory, equivocal, and extraneous 
TAC results are shown in Figure 2. Seven different etiologic 
agents present on the lung TAC (parainfluenza viruses 1 and 
3, Pneumocystis jirovecii, Streptococcus pneumoniae, group B 
Streptococcus, adenovirus, and Klebsiella spp) were identified 11 

Figure 2.  Pathologic findings and detection of pathogens by TaqMan Array Card (TAC) in serial left lung minimally invasive tissue sampling specimens up to 72 hours after 
death for 20 cases. Overall significant histopathologic findings identified in lung, etiologic agents assigned, categorization of agents detected by TAC, and presence or ab-
sence of pathology and contributory or extraneous TAC results at each collection timepoint. Postmortem interval for batches (hours): 1: 7–17; 2: 13–22; 3: 18–28; 4: 24–34; 5: 
31–40; 6: 37–47; 7: 47–52; 8: 48–58; 9: 55–64; 10: 77–88. aStreptococcus spp may not be detected by lung TAC. bAgent detected in liver or blood and not present on lung TAC. 
Abbreviations: Adeno, adenovirus; ASP, aspiration; Bord, Bordetella; BP, bronchopneumonia; CMV, cytomegalovirus; CoV, coronavirus; DAD, diffuse alveolar damage; GBS, 
group B Streptococcus; H. flu, Haemophilus influenzae; HIV, human immunodeficiency virus; HMPV, human metapneumovirus; IP, interstitial pneumonitis; Klebs, Klebsiella; L, 
left; Mor, Moraxella; Myc, Mycoplasma; NEC, necrosis; NSF, no significant findings; PF-1, parainfluenza virus 1; PF-3, parainfluenza virus 3; P. jirovecii, Pneumocystis jirovecii; 
R, right; Rhino, rhinovirus; RSV, respiratory syncytial virus; S. aureus, Staphylococcus aureus; S. pneumo, Streptococcus pneumoniae; Strep, Streptococcus; TAC, TaqMan 
Array Card; VI, viral inclusions.
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times among 10 cases. Streptococcus spp was identified by IHC 
in 2 cases with negative TAC results for the streptococci on the 
card (S.  pneumoniae and group A  and group B streptococci). 
The antibody utilized in the IHC assay against S. pneumoniae 
is known to cross-react with other streptococci not tested by 
the TAC. Therefore, these cases likely had nonpneumococcal, 
non–group A, non–group B streptococcal infection. Two ad-
ditional agents not present on the TAC (human immunodefi-
ciency virus [HIV] and Enterococcus) were identified by other 
test methods in nonpulmonary specimens from 2 cases.

Of the 11 cases for which TAC detected an etiologic agent, 
the agent was detected by TAC in an average of 7 of 10 (median, 
9)  timepoints per agent per case. TAC results deemed extra-
neous were obtained for 13 different agents, a total of 35 times 
in 15 cases, and an average of 3 of 10 (median 1)  timepoints 
per agent per case. Contributory and extraneous TAC re-
sults were detected together at 20 timepoints among 5 cases. 
Cytomegalovirus (CMV) was the most frequent equivocal TAC 
result, detected in 7 cases and an average of 8 of 10 (median, 
9) timepoints per case.

Correlation of significance of histopathologic findings 
with significance of TAC results was determined. Significant 
histopathologic findings were present in at least 1 (right or 
left) lung specimen at 53 of 59 (90%) timepoints with con-
tributory TAC results only, 16 of 20 (80%) timepoints with 
both contributory and extraneous TAC results, and only 28 
of 52 (54%) timepoints with extraneous TAC results only. 
Overall agreement was 29% for TAC and IHC results, 17% 
for TAC and PCR, 43% for TAC and either method (IHC or 
PCR), and 69% for IHC and PCR (Supplementary Table 3). 
Case-level agreement for the various test methods are shown 
by infectious agent in Table 1; agreement was higher for IHC 
and PCR than for TAC and either method for all agents, ex-
cept for S.  pneumoniae, group A  Streptococcus, and group B 
Streptococcus.

In addition to determining case-level agreement for the var-
ious test methods employed, comparison of agent detection 
by each test method for individual specimens was performed. 
Only samples from timepoints with all available test methods 
performed were considered for this comparison (Figure 3). 
TAC had more frequent detection than other methods for all 
agents except S. pneumoniae and was often the only method by 
which an agent was detected.

Determination of Etiologic Diagnoses and TAC Contribution

Overall case diagnoses were achieved utilizing all tests per-
formed, and then correlation of TAC results with etiologic 
diagnoses were assessed. Assignment of etiologic diagnoses 
was based on the combination of relevant histopathologic 
findings and agent detection by 1 or more methods (Figure 
2 and Supplementary Table 3). TAC contributed to etiologic 
agent detection in this context for 10 of 10 (100%) cases with 

etiologic agents identified in the lung, all for which the agent 
detected by TAC was confirmed by IHC or PCR (Figure 4). 
There were no cases with etiologic agents identified that were 
present on the TAC but not detected by it. Equivocal TAC re-
sults based on possibility of presence without overt pathology 
included CMV, human metapneumovirus (HMPV), coro-
navirus HKU1, and rhinovirus, and equivocal results based 
on consistent detection across multiple timepoints without 
confirmation by other methods included Pneumocystis, rhi-
novirus, Moraxella, and Bordetella. TAC results assessed as ex-
traneous included adenovirus, Pneumocystis, Staphylococcus, 
Streptococcus, HMPV, respiratory syncytial virus, rhino-
virus, Moraxella, Haemophilus influenzae, Mycoplasma, and 
Klebsiella; many of these were detected in cases with aspi-
ration (Figure 2) and may be associated with carriage in the 
upper respiratory tract for those cases.

DISCUSSION

Quantity of MITS Samples, but Not Number of Collection Timepoints, 
Affects Diagnostic Yield

Together with Dawa et  al [16], we show that MITS is ade-
quate for pathologic evaluation and molecular testing by TAC 
up to 72 hours after death, under conditions described in 
this study. A  high quantity of samples increases the yield of 
identifying pathologic processes in MITS, irrespective of col-
lection timepoint(s) over this postmortem interval. The value 

Table 1.  Case-Level Agreement of TaqMan Array Card (TAC), 
Immunohistochemistry, and Polymerase Chain Reaction Test Results, by 
Agent Detected on TAC for 20 Cases

Agent

No. (%) of Cases With Agreement

TAC/IHC TAC/PCR IHC/PCR
TAC/IHC 
or PCR

Adenovirus 4/12 (33) 3/9 (27) 11/12 (91) 4/12 (36)

Bordetella 0/2 (0) … … …

CMV 0/8 (0) 0/8 (0) 8/8 (100) 0/8 (0)

Haemophilus 0/4 (0) … … …

HMPV 0/2 (0) 1/2 (50) 1/2 (50) 1/2 (50)

Klebsiella 3/6 (50) … … …

Mycoplasma … 0/2 (0) … …

Parainfluenza 1 0/1 (0) 0/1 (0) 1/1 (100) 0/1 (0)

Parainfluenza 3 1/1 (100) 1/1 (100) 1/1 (100) 1/1 (100)

Pneumocystisa 1/6 (17) … … …

Rhinovirus … 0/2 (0) … …

RSV 0/2 (0) 0/2 (0) 2/2 (100) 0/2 (0)

Streptococcus pneumoniae 4/5 (80) 1/5 (20) 2/5 (40) 4/5 (80)

Group B Streptococcus 1/1 (100) … … …

Group A Streptococcus 1/1 (100) 0/1 (0) 0/1 (0) 1/1 (100)

Staphylococcus aureus 0/1 (0) … … …

Abbreviations: CMV, cytomegalovirus; HMPV, human metapneumovirus; IHC, 
immunohistochemistry; PCR, polymerase chain reaction; RSV, respiratory syncytial virus; 
TAC, TaqMan Array Card.
aFor purposes of correlating test results, Grocott Methenamine Silver stain results for 
Pneumocystis were considered equivalent to IHC results for other agents.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab772#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab772#supplementary-data
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of more samples is related to the nature of the MITS procedure, 
which produces a single, small tissue fragment with each in-
dividual sampling. Viral infections and bacterial sepsis with 
widely distributed pathologic changes and infectious agents are 
more likely to be consistently detected than early or focal bac-
terial or fungal lesions with more limited tissue distribution. 
Accordingly, in this study, cases with etiologic viral agents de-
tected by TAC had agent detection in an average of 9 of 10 lung 
specimens, while those with etiologic bacterial or fungal agents 
detected by TAC had agent detection in an average of 6 of 10 
lung specimens.

Pathology Drives Interpretation of TAC Results and Is Critical to 
Establishing an Etiologic Diagnosis in MITS

TAC is highly sensitive and indiscriminately detects nucleic 
acids from pathogenic, commensal, and contaminant micro-
organisms [13, 17]. Therefore, results must be interpreted 
together with relevant clinicoepidemiologic information, 
histopathologic findings, and any other laboratory results 
available. On one hand, TAC offers a more sensitive method 
of detection for some agents such as respiratory viruses that 
may otherwise be missed due to subtle or absent pathologic 

changes; on the other hand, bacterial agents in particular, but 
also some viral agents, may represent commensals or contamin-
ants that confound overall case interpretation. This is especially 
true when there is aspiration with movement of upper airway 
commensals into the lower airways, which was common in this 
study (7/20 [35% of cases]) and in the authors’ experience with 
pediatric respiratory illness in general. Because multiple agents 
are often detected by TAC in cases of aspiration (up to 8 agents 
in 1 case with aspiration in this study), histopathology is im-
perative for differentiating aspiration from true polymicrobial 
infection.

For lung specimens without aspiration, viral contamina-
tion is less likely than bacterial contamination, and there-
fore more consideration is given to viral agents detected by 
TAC, while bacterial agents are more scrutinized as possible 
contaminants (eg, gastrointestinal or environmental). In this 
series, adenovirus and CMV in particular were detected by 
TAC in MITS specimens where overt evidence of viral cyto-
pathic effect was not seen by histopathology. For cases where 
adenovirus was detected by TAC without viral cytopathic 
effect or IHC detection, adenovirus was either attributable 
to aspiration or was detected at few timepoints (<3) and in 

Figure 3.  Detection of agents by various test methods in samples from individual minimally invasive tissue sampling collections, without regard to assessment of agent 
significance (n = number of samples with testing performed by all available methods). TaqMan Array Card (TAC), immunohistochemistry (IHC), and polymerase chain reac-
tion (PCR) were performed for adenovirus (Adeno), cytomegalovirus (CMV), human metapneumovirus (HMPV), parainfluenza virus (PI) 1/3, respiratory syncytial virus (RSV), 
Streptococcus pneumoniae (S. pneumoniae), and group A Streptococcus (GAS). TAC and IHC were performed for Bordetella (Bord), Haemophilus influenzae (H. flu), Klebsiella 
(Klebs), and Pneumocystis jirovecii (P jirovecii). TAC and PCR were performed for Mycoplasma (Myc) and rhinovirus (Rhino). aFor purposes of correlating tests results, Grocott 
Methenamine Silver stain results for Pneumocystis were considered equivalent to IHC results for other agents.
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the context of another clear etiologic diagnosis; adenovirus 
was deemed extraneous in these cases. CMV was detected 
without viral cytopathic effect and was deemed equivocal in 
all cases with TAC detection except 1 (case number 9), where 
it was deemed extraneous due to TAC detection at a single 
timepoint and a clear alternative etiologic diagnosis (ade-
novirus). Bacterial agents and Pneumocystis were deemed 

contributory only if appropriate pathology and visual confir-
mation by IHC (or Grocott Methenamine Silver stain [GMS] 
for Pneumocystis) were present. Bacteria detected in absence 
of aspiration and for which IHC was negative or not avail-
able (eg, Moraxella, Mycoplasma) but detection by TAC oc-
curred at multiple timepoints (eg, Bordetella) were deemed 
equivocal.

Figure 4.  Pathology and identification of infectious agents by immunohistochemistry (IHC) or special stains in lung minimally invasive tissue sampling specimens. A, 
Necrotizing pneumonia with necrosis and viral inclusions (arrows); adenovirus IHC (inset); case 14. B, Interstitial pneumonitis and diffuse alveolar damage with hyaline 
membranes; parainfluenza virus 3 IHC (inset); case 2. C, Bronchopneumonia; Streptococcus spp IHC (inset); case 2. D, Bronchopneumonia; Klebsiella spp IHC (inset); case 
15. E, Chronic aspiration with food material and giant cells; case 10. F, Acute aspiration with gram-negative bacterial rods; case 20. G, Grocott Methenamine Silver stain 
highlighting Pneumocystis jirovecii; case 6.
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In addition to bacterial contamination of lung samples from 
the upper respiratory tract, lung and, more so, abdominal spe-
cimens (ie, liver) can be contaminated by gastrointestinal tis-
sues that may be penetrated or inadvertently sampled during 
the MITS procedure, resulting in detection of gut flora by TAC. 
For this reason, TAC is generally not recommended on abdom-
inal MITS specimens. Finally, in addition to overdetection of 
bacteria due to aforementioned reasons, underdetection may 
occur in the face of prior antibiotic treatment. Information re-
garding antibiotic administration was not available for the cases 
in this study.

Visualizing agents within pathologic lesions by histochemical 
or immunohistochemical stains markedly improves confidence 
in etiologic diagnoses. Traditional microbiologic methods such 
as blood and tissue cultures can also be performed on MITS 
specimens and help with interpretation of TAC, but are not 
without limitations, particularly related to contamination [14, 
15, 18]. Ultimately, even with the use of multiple testing mo-
dalities and standardized, algorithmic interpretation of results, 
some degree of subjectivity and experiential bias remains in 
determining agent contribution and cause of death from MITS 
samples.

Epidemiologic Value of MITS

Though not a specific goal of this study, several insights into the 
epidemiologic value of MITS were gleaned. First, this study un-
expectedly identified a cluster of hospital-associated adenovirus 
infections, about which the clinical team was notified. Though 
complete assessment of cases in this study occurred after resolu-
tion of the outbreak in this instance, this finding demonstrates 
the potential utility of MITS and TAC for providing actionable 
information to improve health outcomes [13], even acutely in a 
localized outbreak. Other, larger-scale MITS studies have sim-
ilarly identified nosocomial Klebsiella and multidrug-resistant 
Acinetobacter baumannii infections, the latter directly leading 
to implementation of improved infection control practices in 
that setting [19, 20]. Realizing the potential utility of MITS in 
outbreak situations, many MITS studies have very recently been 
either initiated or adapted to facilitate identification of severe 
acute respiratory syndrome coronavirus 2–related mortality 
during the ongoing coronavirus disease 2019 pandemic.

An initially puzzling finding in our study was the frequent and 
repeated detection of CMV, and to a lesser degree Pneumocystis, 
in multiple cases by TAC, without histopathologic or other test 
correlation. Because contamination was unlikely, these results 
were considered true positives but of equivocal or no etiologic 
significance, given the lack of pathology or detection in FFPE 
tissue. Despite the apparent clinical irrelevance of these agents 
among our cases, their detection by TAC heightens awareness 
to their presence and potential associated conditions and em-
phasizes the importance of understanding the geoepidemiology 
of pathogens where MITS is performed. CMV is ubiquitous 

worldwide, with higher prevalence and younger acquisition age 
in low-socioeconomic settings and developing countries [21]. 
One study in Kenya found an overall adult seroprevalence of 
86%, with significant variability among different regions even 
within just this country [22]. The CMV seroprevalence rate in 
blood donors in Nairobi has been documented at 97% [23]. 
Congenital transmission, subclinical viremia, and prolonged 
latency with intermittent reactivation, especially with immuno-
suppression, are integral to maintaining its high prevalence [21, 
22]. Viremia or latency in lung without active disease may have 
resulted in TAC detection of CMV in our study cohort [24].

Pneumocystis was also detected by TAC in multiple cases 
without histopathologic or other test correlation. Similar to CMV, 
its detection without established significance nevertheless piques 
concern for immunosuppressive conditions, including malnu-
trition and HIV infection, both of which are historically associ-
ated with Pneumocystis pneumonia [25-27], and both of which 
are relatively common in our study’s geographic region. Three 
case patients in our study had clinically documented malnutri-
tion, and 2 others had severe hepatic steatosis compatible with 
malnutrition. One of these patients (case number 6)  had both 
CMV and Pneumocystis detected by TAC and was the only case 
to have Pneumocystis identified by GMS stain. These findings, to-
gether with observed lymphoplasmacytic interstitial pneumonitis, 
prompted retrospective testing of stored blood specimens for HIV, 
which was positive. This case, and its pathway to HIV diagnosis, 
emphasizes the importance of understanding the interrelated-
ness of clinicopathologic, epidemiologic, and pathogenetic factors 
when evaluating MITS specimens and TAC results obtained from 
them, and highlights the potential for MITS in leading to relevant 
diagnoses even sometimes outside of specific, targeted testing. 
Conversely, it also demonstrates that even TAC results deemed 
“extraneous” in terms of contribution to death may still yield im-
portant information toward overall case evaluations in MITS.

Limitations

One major limitation of comparing TAC and other results 
obtained from MITS is that samples evaluated by TAC and those 
evaluated by histopathology and FFPE-based testing methods 
are not represented by the exact same sample collected at any 
1 timepoint. During the MITS procedure, separate needle core 
samples are collected for TAC vs histopathologic evaluation and 
other testing. Due to the nature of this collection, it is conceivable 
that the 2 samples being compared by TAC and other methods 
have different pathologic features and pathogen presence, re-
ducing correlation between TAC and other results for indi-
vidual samples. This accounts for the lower agreement observed 
between TAC and FFPE test methods (IHC or PCR) (43%), as 
compared to agreement between IHC and PCR (69%), which are 
performed on the same FFPE tissue block. This limitation can be 
minimized by increasing the overall number of samples obtained 
and interpreting results on a case-level basis for all test types 
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in aggregate, rather than comparing individual samples. It also 
highlights the importance of considering results from all various 
diagnostic methods together when assigning infectious etiolo-
gies, rather than relying on one particular diagnostic method in 
MITS. This study utilized a state-of-the-art laboratory, enabling 
thorough workup of cases by multiple diagnostic methods to 
reach etiologic diagnoses. Such rigorous testing is not feasible in 
many settings where MITS is performed, which further elevates 
the importance of clinicopathologic correlation with TAC.

Another limitation is a lack of unrefrigerated bodies for result 
comparison with those kept under refrigeration in this study. The 
stark lack of autolysis and postmortem bacterial translocation/
overgrowth was unexpected, and while lending to “cleaner” results, 
may not be representative of TAC findings in routine, real-world 
scenarios without refrigeration. Detection of more agents would be 
expected to confound interpretation of results in those situations. 
Regardless, these findings are useful and can serve as baseline for 
comparison with future studies using unrefrigerated samples. 
Finally, all cases enrolled in this study had clinical diagnoses of 
respiratory illness, which biased toward detection of respiratory 
pathogens by TAC and other test methods. When MITS is used on 
a larger scale for general mortality and unexplained death surveil-
lance, the diagnostic yield may not be as high.

CONCLUSIONS

MITS, coupled with both traditional and advanced diagnostic 
methods, provides an opportunity to ascertain causes of death 
and to detect infectious etiologies in cases where CDA is not 
possible. TAC is a powerful method for rapid detection of many 
pathogens in MITS specimens, but interpretation of results can 
be confounded by detection of extraneous microorganisms or 
those that are truly present but may not be associated with ac-
tive disease. TAC is more sensitive than histopathology or 
FFPE-based test methods (IHC and PCR) alone and is particu-
larly useful for detection of viruses, while traditional pathology 
methods are critical for accurately identifying bacterial etiologies 
of significance, especially when aspiration is present. Regardless 
of testing methods used, adequate tissue sampling and contextu-
alization of laboratory results with histopathologic findings and 
any available clinicoepidemiologic data are of utmost importance 
when ascribing causes of death based on MITS.
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