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Abstract

Background: Death is an important but often unmeasured endpoint in public health HIV 

surveillance. We sought to describe HIV among deaths using a novel mortuary-based approach 

in Nairobi, Kenya.

Methods: Cadavers aged ≥15 years at death at Kenyatta National Hospital (KNH) and City 

Mortuaries were screened consecutively from January 29th to March 3rd 2015. Cause of death 

was abstracted from medical files and death notification forms. Cardiac blood was drawn and 

tested for HIV infection using the national HIV testing algorithm followed by viral load testing of 

HIV-positive samples.

Results: Of 807 eligible cadavers, 610 (75.6%) had an HIV test result available. Cadavers from 

KNH had significantly higher HIV positivity at 23.2% (95% CI 19.3–27.7) compared to City 

Mortuary at 12.6% (95% CI 8.8–17.8), p<0.001. HIV prevalence was significantly higher among 

women than men at both City (33.3% versus 9.2%, p=0.008) and KNH Mortuary (28.8% versus 

19.0%, p=0.025). Half (53.3%) of HIV infected cadavers had no diagnosis prior to death and 

an additional 22.2% were only diagnosed during hospitalization leading to death. Although not 

statistically significant, 61.9% of males had no prior diagnosis compared to 45.8% of females 
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(p=0.144). Half (52.3%) of 44 cadavers at KNH with HIV diagnosis prior to death were on 

treatment, and one in five (22.7%) with a prior diagnosis had achieved viral suppression.

Conclusions: HIV prevalence was high among deaths in Nairobi, especially among women, and 

prior diagnosis among cadavers was low. Establishing routine mortuary surveillance can contribute 

to monitoring HIV-associated deaths among cadavers sent to mortuaries.
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Introduction

Globally, the number of people living with HIV (PLHIV) in 2015 was estimated at 36.7 

million persons (1). Between 2010 and 2015, antiretroviral therapy (ART) use for HIV­

infected persons increased by 126% in parallel with a 26% reduction in HIV-related deaths, 

from 1.5 million deaths in 2010 to 1.1 million deaths in 2015 (1,2). Sub-Saharan Africa 

bears the greatest burden of HIV. In 2015, there were 470,000 HIV-related deaths in East and 

Southern Africa representing 43% of global deaths due to HIV (1–3).

Kenya is estimated to have the fourth-largest HIV epidemic in the world, with 1.5 million 

PLHIV (4). The country reported an estimated 30% decline in HIV-related deaths between 

2010 and 2015, from 52,314 to 35,822 respectively (5). This is attributed to the rapid 

increase of number of ART sites and increased ART coverage (6). However, HIV remains a 

serious public health challenge despite these achievements. Nairobi, the national capital, has 

the highest burden of HIV in the country with 171,510 residents estimated to be living with 

HIV and 2,500 HIV-related deaths occurring per year (5). Antiretroviral therapy coverage 

among PLHIV in Nairobi was estimated at 72% in 2014, nine percentage points below the 

treatment coverage target of 81% set in UNAIDS 90–90-90 fast-track targets for epidemic 

control by 2020 (6,7).

Although the impact of ART on mortality in African settings has been widely demonstrated 

(8–10) monitoring HIV-associated mortality is vital for tracking the success of the national 

ART program. Although standardized mathematical models based on indirect methods are 

used to estimate and project the number of people dying due to HIV (11), these models rely 

on assumptions that are subject to uncertainty, and can limit understanding of the true level 

of HIV-associated mortality. The national vital statistics system also tracks cause of death, 

but limited standardization of cause of death coding, lack of availability of HIV status at 

time of certification of cause of death, and the low estimated coverage of death reporting 

(<50%) limit the generalizability of these statistics (12,13). Early studies demonstrated the 

ability of enzyme-based assays to detect HIV in post mortem blood specimens (13–15). A 

mortuary-based surveillance system could help estimate the proportion of deaths that are 

HIV-associated, the proportion of deaths that are directly due to HIV, provide the actual 

age and sex distribution of HIV mortality, and relate HIV mortality to important factors 

such as viral suppression, ART use and HIV diagnosis, and hence to missed opportunities 

for epidemic control. We conducted a surveillance study in the two largest mortuaries in 

Nairobi. A prior publication from this study describes the fraction of deaths attributable to 
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HIV in the Nairobi population by comparing the observed sero-prevalence among deaths 

with that expected based on demographic models (16). In this manuscript, we map HIV 

deaths to the steps in the cascade of care including HIV diagnosis, treatment, and achieving 

viral suppression. We describe the prevalence of HIV among cadavers by age, sex and 

other factors, and the proportion of HIV-infected cadavers whose underlying cause of death 

was classified as due to HIV and other causes. We also explore important behavioral and 

biological covariates such as HIV test history and viral suppression among HIV-associated 

deaths in order to better define the gaps that, if addressed, may help prevent excess HIV­

related mortality.

MATERIALS AND METHODS

This study was conducted in the two largest mortuaries in Nairobi – Kenyatta National 

Hospital (KNH) Mortuary and City Mortuary covering 51% of all reported deaths in 

Nairobi county (18). The KNH Mortuary is attached to Kenyatta National Hospital which 

is a national public referral and teaching hospital, while City Mortuary is managed by 

the Nairobi County Health Services and receives cadavers from other facilities as well 

as medico-legal cases brought by the police. All cadavers admitted to both mortuaries 

were screened consecutively between January 29th and March 3rd 2015. Cadavers aged ≥ 

15 years at time of death were eligible for the study. We abstracted cause of death and 

demographic variables from death notifications and pathology reports. For eligible deaths 

that occurred at KNH, additional variables regarding history of HIV diagnosis and ART 

were abstracted from patient files. Cadavers brought in by the police (which require autopsy 

to establish cause of death) are referred to as medico-legal cases and are generally taken to 

City Mortuary.

Cardiac blood samples were collected for this study using transthoracic aspiration; although 

cadavers were not excluded based on time from death to admission or collection, those from 

which HIV test results were not obtained were excluded from analysis. HIV testing was 

conducted using the national diagnostic algorithm (17): screening was done using Colloidal 

Gold assay (KHB Shangai Kehua Bio-Engineering Co, Ltd, Shanghai, China), confirmation 

of HIV-positive samples was done using First Response HIV 1–2-0 assay (PMC Medical 

India Pvt Ltd, Mumbai, India), and samples with discrepant results were tested using 

Unigold HIV assay (Trinity Biotech PLC, Bray, Ireland) as a tie breaker. HIV RNA testing 

was performed on HIV-positive samples using the Abbott m2000 real time RNA system 

(Abbott Molecular, Inc., Des Plaines, IL) to determine the HIV RNA concentration. Viral 

suppression was defined as HIV-1 RNA concentration < 1000 copies/milliliter.

Measures

Sex, age, and cause of death were abstracted from death certificates completed by the 

attending physician or, in case of autopsy, by the pathologist. Where age was not available 

from records it was estimated by mortuary technicians. Prior HIV diagnosis and ART use 

were ascertained from the clinical history documented in patient files for deaths occurring at 

KNH. HIV positivity was based on HIV serology performed during the study.
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Data analysis

Data were analyzed in Stata 14 (StataCorp, Texas, USA). We conducted bivariate analysis 

to assess the relationship between HIV and select characteristics, and the chi-square test for 

independence and Fisher’s exact test were used to assess statistical significance. The logit 

transformation was used to compute confidence interval limits. Multiple logistic regression 

was used to further explore associations between characteristics and outcome of HIV status. 

Predictive margins of HIV prevalence as a function of sex and age group were plotted to 

describe interaction between these variables when predicting HIV status of cadavers. In 

stratified analyses, the numerator, proportion and confidence intervals were replaced with an 

asterisk where the denominator was less than 20.

Ethics approvals

This public health surveillance study was approved by the US Centers for Disease Control 

and Prevention Center for Global Health Associate Director for Science as research that did 

not involve human subjects (because subjects were deceased). Kenyatta National Hospital/

University of Nairobi Ethical Review Board also approved the study. Nairobi County Health 

Services and the Kenyatta National Hospital Research Office gave administrative approval.

RESULTS

A total of 807 cadavers received at the mortuaries were found to be eligible and enrolled 

into the study (Figure 1). Specimens were not available for 167 (20.7%) cadavers due to 

various reasons including logistical/staffing (n=91), extensive burns or putrefaction (n=26), 

other/legal/discharge or transfer of cadaver (n=31), and failed collection attempt (n=19). Of 

the 640 (79.3%) with a blood specimen collected, 610 (95.3%) had sufficient quality for 

HIV testing, and 119 (19.5%) were HIV-positive. Of the 119 HIV-positive specimens, 90 

(75.6%) were from cadavers at KNH mortuary for which medical records were abstracted. 

Of the 90 HIV-positive specimens at KNH, 44 (48.9%) had a prior HIV diagnosis, 23 of 

whom had a documented history of ART use, while of these, 12 had viral load testing results 

available in the study.

Cadavers were more likely to be males at City (86.0%) versus KNH (67.2%, p<0.001). 

Cadavers also differed between mortuaries in terms of age: the median age was 33 years 

at City Mortuary (inter-quartile range [IQR] 28–42) and 44.5 years at KNH (IQR 33–59.5, 

p<0.001) (Table 1). Given the demographic differences between the deaths enrolled at City 

and KNH mortuaries, the remaining analyses are stratified by mortuary.

HIV prevalence differed by sex at both mortuaries: among 30 females at City Mortuary, 

HIV positivity was 33.2%, while among 184 males it was 9.2% (p=0.008); at KNH, 

HIV positivity was 28.8% among 170 females, compared with 19.0% among 226 males 

(p=0.025) (Table 2). Specimen availability was not associated with age, sex or mortuary but 

specimens were less likely to be available for medico-legal cases at City Mortuary (p=0.004) 

(Table S1). At City Mortuary, the HIV positivity was significantly higher among cadavers 

admitted as non-medico-legal cases at 30% (95% CI 18.9–44.1) compared to medico-legal 

cases at 7.3% (95% CI 4.2–12.5), p=0.001.
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As medical chart abstraction was performed for deaths at KNH, additional HIV diagnosis 

and care information was available for HIV-infected deaths at this mortuary (Table 3). About 

one quarter (24.4%) of HIV-infected deaths had a diagnosis prior to the hospitalization 

just prior to their death, while an additional 22.2% were diagnosed while hospitalized. The 

remaining half (53.3%) did not have a diagnosis prior to death. Although 61.9% of males 

had no prior diagnosis compared to 45.8% of females, the difference was not significant 

(p=0.144). Two thirds (66.7%) of HIV infected cadavers aged 45 years and above did not did 

not have a prior HIV diagnosis, while under half (46.7%) of those aged between 15–44 years 

had no prior HIV diagnosis, again the difference was not significant (p=0.079). In contrast, 

the majority (84.1%) of the deaths where HIV was assigned as the underlying cause had a 

prior HIV diagnosis, compared to only 35.7% being diagnosed among those for which the 

underlying cause assigned was not HIV (p=0.001).

In a multiple logistic regression model including mortuary, age and sex as independent 

predictors, the adjusted odds of HIV infection were twice as high at KNH Mortuary 

compared with City Mortuary (adjusted odds ratio [aOR] 1.80, 95% CI 1.08–3.01), higher 

for women than men (aOR=6.39, 95% CI 1.47–27.68) among cadavers aged 15–24 years 

old, and significantly lower for cadavers aged 45+ years (aOR=0.18, 95% CI 1.64–18.67) 

versus 15–24 years among women (Table S2). There was a significant interaction between 

sex and age, consistent with higher prevalence among younger females and older males. 

When modeling finer-grained age groups, the peak risk of HIV infection for females was 

seen in the 35–44 years age group, while for males it was in the 45–54 years age group 

(Figure S1). No significant interaction was found between sex and mortuary.

Half (52.3%) of the 44 cadavers with HIV diagnosis prior to death were on treatment, 

although treatment status was missing for 10 cadavers, so the true prevalence of treatment 

may have been higher. Among those with a prior HIV diagnosis, 10 had achieved viral 

suppression (Table 4). Only two of the 23 with evidence of treatment were not virally 

suppressed at time of death, though an additional 11 cadavers did not have viral load 

available.

DISCUSSION

In this study we estimated HIV positivity in cadavers at the two largest mortuaries in 

Nairobi, HIV diagnosis prior to death, subsequent use of ART and viral suppression for 

hospital-based deaths. Females continue to bear the greatest burden of HIV infection. The 

percentage of female cadavers that were HIV-infected was greater than that for males at both 

mortuaries. While greater HIV-associated mortality in women than men was not surprising 

earlier in the epidemic, given the high ART coverage, especially among women, further 

research is warranted to confirm and interpret this finding.

We found that one in eight cadavers at City Mortuary and one in four cadavers at KNH 

Mortuary were HIV infected. The higher HIV positivity among cadavers at KNH compared 

to City Mortuary may be due to KNH’s status as a referral hospital, the majority of 

whose patients are hospitalized prior to death and who might have sought care for HIV 
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complications, while conversely City Mortuary primarily receives medico-legal deaths, 

which are likely to be due to external causes.

The last national survey conducted in 2012 estimated HIV prevalence among adults at 4.9% 

and that only 57.5% of adults living with HIV in Kenya had been previously diagnosed (18). 

We found that more than eight in ten hospitalized patients for whom the underlying cause of 

death assigned was HIV had been diagnosed prior to death, however only about half of these 

were known to have been diagnosed prior to admission. The remaining 15.9% of deaths due 

to HIV did not have a documented HIV diagnosis at time of death. These scenarios represent 

missed opportunities for diagnosis prior to life-threatening illness and death. Among those 

with prior HIV diagnosis, the approximately half of deaths with no evidence of treatment 

represent additional missed opportunities to save lives. About one fifth of those with a prior 

HIV diagnosis were on treatment and virally suppressed at time of death. These deaths 

are difficult to explain in the absence of a detailed clinical history, including duration on 

treatment, and diagnosed comorbidities and opportunistic infections.

The study had important limitations. Medical history was only available for hospital­

based deaths at KNH and in those cases, was limited to the inpatient records for their 

hospitalization just prior to death, representing only a third (199/610) of all deaths with 

HIV test results captured in this study, and 50% (199/396) of those captured at KNH 

Mortuary. This limited our ability to establish whether a detectable viral load was due to 

treatment failure, poor adherence, or lack of treatment. Cause of death was also missing 

for 38.5% (235/610) of sampled mortuary deaths. Our study relied on routinely recorded 

causes of death, and full autopsies were not performed specifically for this study, so the 

underlying cause of death may have been ascertained incorrectly. While we included the 

two largest mortuaries in Nairobi in the study, a demographic analysis reported elsewhere 

found coverage to be 51% of expected deaths in the city (16), hence our findings are not 

necessarily representative of all deaths in Nairobi. Although inclusion of City Mortuary 

may have led to over-representation of external causes among males, excluding City from 

the analysis did not have a significant impact on the association between sex and death 

due to HIV. Additionally, the fact that three-quarters of the deaths at City Mortuary were 

medico-legal cases may also explain why no deaths were assigned HIV as a cause of death 

at this mortuary.

In spite of these limitations, the implementation of a novel mortuary-based surveillance 

study in Kenya provided an estimate of the proportion of HIV-related deaths at the two 

largest mortuaries in Nairobi, as well as important ancillary information on ART use, viral 

load, and diagnosis of HIV prior to death. Although studies have documented a reduction 

in HIV associated mortality attributable to ART, the prevalence of HIV among deaths 

in Nairobi is still higher than in the general population (19–22). In assessing impact of 

HIV treatment programs, measurement of mortality is rarely undertaken. As national ART 

programs continue to scale-up in an effort to save lives and achieve epidemic control, it is 

critical that appropriate surveillance systems are implemented that can monitor reductions 

in mortality as well as the patterns of specific causes of death among PLHIV, including 

those that are not being reached by care and treatment programs. Although measuring the 

level of HIV infection among deaths can help interpret declining trends in HIV prevalence 
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in Nairobi, increasing the representativeness of the catchment of mortuary surveillance and 

developing methods for generalizing to the population of all deaths in the community is 

key. Although strengthened national vital statistics and HIV case-based surveillance would 

provide more robust and comprehensive data, establishment of routine mortality surveillance 

in sentinel sites could play an important role in monitoring outcomes among people living 

with HIV in Kenya. This study shows that routine testing of cadavers and linking results 

to clinical records is a feasible approach that can provide important insights into the levels 

of HIV-associated mortality in the era of widespread ART availability. The findings also 

highlight the need to determine why PLHIV continue to experience high mortality even as 

ART is believed to be widely accessible, so that appropriate actions can be taken.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Data flow of eligible cadavers aged ≥ 15 years, HIV mortuary survey.

Notes: KNH = Kenyatta National Hospital, ART = antiretroviral treatment, VL = viral load, 

COD = cause of death
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Table 1.

Demographic characteristics of cadavers aged ≥ 15 years by mortuary, HIV mortuary surveillance study, 

Nairobi, Kenya 2015 (n=610)

City Mortuary KNH† Mortuary Total Significance*

Selected characteristics n (%) n (%) n (%) χ2 (degrees of freedom), p-value

Sex

 Male 184 (86.0) 226 (57.1) 410 (67.2)

χ2 (1) = 52.7, p<0.001 Female 30 (14.0) 170 (42.9) 200 (32.8)

 Total 214 396 610

Age in years

 15–24 36 (16.8) 26 (6.6) 62 (10.2)

χ2 (5) = 64.3, p<0.001

 25–34 75 (35.0) 79 (19.9) 154 (25.2)

 35–44 57 (26.6) 93 (23.5) 150 (24.6)

 45–54 30 (14.0) 72 (18.2) 102 (16.7)

 55–74 12 (5.6) 89 (22.5) 101 (16.6)

 75+ 4 (1.9) 37 (9.3) 41 (6.7)

 Total 214 396 610

 Median (IQR)‡ 33.0 (28.0–42.0) 44.5 (33.0–59.5) 40.0 (33.0–53.0)

Medico-legal cases

 Yes 164 (76.6) n/a n/a 164 (76.6)

n/a No 50 (23.4) n/a n/a 50 (23.4)

Total 214 n/a n/a 214

Notes:

*
chi-square test for independence between mortuary and sex or age.

†
KNH = Kenyatta National Hospital.

‡
IQR = Inter-quartile range.
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Table 2.

HIV positivity rates among cadavers aged ≥ 15 years at KNH and City Mortuaries, Nairobi, Kenya 2015 

(n=610)

City Mortuary Significance† KNH Mortuary Significance†

Selected 
characteristics n % (95% CI) F(df1,df2), p-value n % (95% CI) F(df1,df2), p-value

Sex

 Male 184 9.2 (5.8–14.4)
F(1,609) = 7.15, p=0.008‡

226 19.0 (14.4–24.7)
F(1,609) = 5.06, p=0.025‡

 Female 30 33.3 (18.9–51.8) 170 28.8 (22.5–36.1)

Male

  15–24 30 6.7 (1.7–23.2)

F(2,609) = 0.21, p=0.813§

17 11.8 (2.9–37.0)

F(2,609) = 0.69, p=0.502§
  25–44 119 10.1 (5.8–17.0) 96 21.9 (14.7–31.3)

  45+ 35 8.6 (2.8–23.5) 113 17.7 (11.7–25.9)

  Total 184 9.2 (5.8–14.4) 226 19.0 (14.4–24.7)

Female

  15–24 6 50 (16.6–83.4)

F(2,609) = 3.19, p=0.042§

9 33.3 (11.0–66.9)

F(2,609) = 11.98, 

p<0.001§
  25–44 13 46.2 (22.2–72.0) 76 46.1 (35.1–57.4)

  45+ 11 9.1 (1.2–44.3) 85 12.9 (7.3–22.0)

  Total 30 33.3 (18.9–51.8) 170 28.8 (22.5–36.1)

Age in years

  15–24 36 13.9 (5.9–29.4)

F(2,609) = 0.50, 

p=0.604║

26 19.2 (8.2–38.8)

F(2,609) = 7.35, 

p<0.001║
  25–44 132 13.6 (8.8–20.6) 172 32.6 (26.0–39.9)

  45+ 46 8.7 (3.3–21.0) 198 15.7 (11.2–21.4)

  Total 214 12.6 (8.8–17.8) 396 23.2 (19.3–27.7)

Police case

  Yes 164 7.3 (4.2–12.5)

F(1,213)=10.94, p=0.001¶

n/a

F(1,213)=10.94, p=0.001¶  No 50 30.0 (18.9–44.1) n/a

  Total 214 12.6 (8.8–17.8) n/a

Total 214 12.6 (8.8–17.8) n/a 396 23.2 (19.3–27.7) F(1,609)=11.63, p<0.001 
π

Notes:

*
n/percentages not shown are based on <20 cases.

†
F-tests for differences in HIV prevalence by group as follows:

‡
by mortuary, sex

§
by mortuary and sex, age

║
by mortuary, age;

¶
by medico-legal status (at City mortuary only)

π
overall between mortuaries.
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