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Background. Tuberculosis is one of the leading causes of mortality worldwide from an infectious disease. This review aimed to 
investigate the association between prior cytomegalovirus infection and tuberculosis disease.

Methods. Six bibliographic databases were searched from their respective inception to 31 December 2021. Data were pooled 
using random-effects meta-analysis.

Results. Of 5476 identified articles, 15 satisfied the inclusion criteria with a total sample size of 38 618 patients. Pooled findings 
showed that individuals with cytomegalovirus infection had a higher risk of tuberculosis disease compared to those not infected with 
cytomegalovirus (odds ratio [OR], 3.20; 95% confidence interval [CI], 2.18–4.70). Age was the only covariate that exerted a significant 
effect on the result of the association. Meta-analysis of risk estimates reported in individual studies showed a marked and significant 
correlation of cytomegalovirus infection with active tuberculosis (adjusted hazard ratio, 2.92; 95% CI, 1.34–4.51; adjusted OR, 1.14; 
95% CI, .71–1.57). A clear dose-response relation was inferred between the levels of cytomegalovirus antibodies and the risks of 
tuberculosis events (OR for high levels of cytomegalovirus antibodies, 4.07; OR for medium levels of cytomegalovirus antibodies, 3.58).

Conclusions. The results suggest an elevated risk of tuberculosis disease among individuals with a prior cytomegalovirus 
infection.
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Cytomegalovirus, a member of the herpesvirus family, is a 
ubiquitous cause of infections and diseases globally that is 
transmitted predominantly through contact with another per-
son’s body fluids or congenitally from mother to infant [1, 2]. It 
is a pathogen that leads to a disease of disparity, with higher in-
cidence, prevalence, and severity among socioeconomically 
and geographically deprived populations, plausibly due to lim-
ited health care access and quality [3]. For example, in less- 
developed regions of the world, primary cytomegalovirus infec-
tion occurs during childhood, with a seroprevalence rate of 
more than 90% by the age of adolescence [4]. The infection 

typically occurs later in high-income industrialized countries, 
with an estimated prevalence of 60%–70% at the age of 60 years 
[3]. Notwithstanding, a study among young people in the 
United Kingdom reveals that nearly a quarter of individuals 
aged 11–24 years are infected with cytomegalovirus and the se-
roprevalence modestly increases with age [5].

In immunocompetent individuals, cytomegalovirus can ex-
hibit a range of clinical manifestations in the digestive system 
such as colitis, esophagitis, and gastroenteritis. It also leads to 
ophthalmic (retinitis), hepatic (hepatitis), pulmonary (pneumo-
nia and pneumonitis), and cardiovascular (vascular thrombosis 
and myocarditis) conditions [6]. Severe clinical manifestations 
of cytomegalovirus infection were thought to be rare in apparently 
immunocompetent individuals and are more widely documented 
in individuals who are immunocompromised such as patients 
with advanced human immunodeficiency virus (HIV) or organ 
transplantation [7]. Recent evidence suggests that individuals 
who experience a prior cytomegalovirus infection have a higher 
risk of developing tuberculosis disease [8]. With nearly a third 
of the world’s population having latent tuberculosis infection, a 
better understanding of this correlation is essential as it will help 
elucidate the pathogenesis of tuberculosis and prevent the likeli-
hood of progression to active disease [9]. More importantly, the 
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provision of clinical interventions, including vaccination, screen-
ing, and pharmacologic treatment of latent tuberculosis infection, 
to those at risk can reduce tuberculosis incidence, improve quality 
of life, and meet the goal of tuberculosis elimination [10].

It has been postulated that cytomegalovirus establishes a life-
long persistence in the body, which may be activated by stimuli 
such as immunosuppression and inflammation, causing prolif-
eration of antigen-specific CD8+ and CD4+ T cells and natural 
killer (NK) cells specific for cytomegalovirus. The resulting ef-
fects such as lower interferon-γ (IFN-γ) secretion, KLRC2 
gene deletion, and pulmonary fibrosis drive progression to tu-
berculosis disease. Findings gleaned from human and animal 
studies have revealed high levels of type-1 IFNs produced after 
cytomegalovirus infection perturbate responses of proinflam-
matory cytokines and eicosanoids, T cells, and macrophages, in-
ducing necrotic cell death and culminating in Mycobacterium 
tuberculosis evasion and subsequent cellular infection. M. tuber-
culosis interferes with the cellular machinery by increasing or 
suppressing cytokine synthesis and early secreted antigenic tar-
get protein of 6 kDa (ESAT-6) of M. tuberculosis, resulting in 
the downregulation of macrophage antigen expression via ma-
jor histocompatibility complex class-1 molecules. Furthermore, 
cytomegalovirus-derived interleukin-10 (IL-10) homolog low-
ers immune protection against M. tuberculosis, and the 
cytomegalovirus-elicited immune activation and enhanced 
type-I IFNs production could elevate the potential risk and se-
verity for tuberculosis disease [11].

To achieve the World Health Organization End Tuberculosis 
objectives of reducing tuberculosis incidence by 90% and mor-
tality by 95% by 2035, it is of paramount importance that pre-
disposing factors to tuberculosis disease are better understood 
[12]. To date, no comprehensive review is available on the im-
pact of cytomegalovirus infection on tuberculosis disease. We 
conducted this systematic review and meta-analysis to illumi-
nate the evidence from epidemiological studies concerning 
the association between cytomegalovirus infection and tuber-
culosis disease progression.

METHODS

Search Strategy and Screening Process

We conducted electronic searches on 6 databases (MEDLINE, 
Cochrane CENTRAL, AMED, EMBASE, Global Health, and 
PsychINFO) to identify articles that assessed the epidemiolog-
ical association between cytomegalovirus infection and tuber-
culosis disease published from database inception until 31 
December 2021. No language restriction was applied. The list 
of keywords and literature search strings is shown in the 
Supplementary Material.

Titles and abstracts were screened by 1 reviewer (K.P.K.), 
and all potentially relevant full texts were screened and evalu-
ated by 2 reviewers independently (K.P.K. and B.C.). Any 

discrepancies were solved by discussion and adjudication 
with a third reviewer (S.W.H.L.). The bibliographic references 
of the included articles were manually searched to identify any 
additional relevant studies.

Studies of any design were eligible for inclusion, except stud-
ies not conducted on humans, case reports, and opinion-based 
papers. We applied the following inclusion criteria: (1) patients 
with tuberculosis disease diagnosed by medical imaging or mi-
crobiological assessment; (2) documented a positive test for cy-
tomegalovirus infection; and (3) evaluated a causal link 
between cytomegalovirus infection and tuberculosis disease. 
After initial screening by title and abstract, full texts of relevant 
articles were obtained. Two reviewers independently assessed 
all full texts against the study eligibility and any differences 
were resolved through consensus.

Data Extraction

Data were extracted independently by 2 authors using a stan-
dardized data abstraction form. Information extracted includ-
ed: first author, year of publication, sample size, number of 
cases, age range, effect estimates, coexisting medical conditions, 
laboratory results, chest radiography cavitation, and tuberculo-
sis treatment (if any). All data were independently checked by a 
third reviewer and disagreements resolved by consensus. The 
risk of bias in each included cohort study was classed as low, 
moderate, or high based on the ROBINS-I tool [13]. For case- 
control studies, these were assessed using the Clarity Group at 
McMaster University [14] and cross-sectional studies using the 
tool developed by the Agency for Healthcare Research and 
Quality [15].

Statistical Analysis

We summarized data narratively and presented them in this 
systematic review. Where multiple studies reported the same 
outcome, we pooled estimates using random-effects models 
to generate the odds ratio (OR). When studies reported multi-
ple follow-up periods, we used the longest follow-up time. 
Heterogeneity between studies was evaluated using I2 statistics 
and funnel plots were assessed visually for publication bias. All 
analyses were performed using RevMan version 5.3 (Cochrane 
Collaboration) and Stata version 16.0 (StataCorp).

RESULTS

The literature search captured 5476 articles. After initial 
screening, 113 studies were eligible for full-text review and 15 
studies were included (Figure 1).

Study Characteristics

The studies encompassed 2 prospective cohort studies [16, 17], 
2 retrospective cohort studies [18, 19], 8 cross-sectional studies 
[20–27], and 3 case-control studies [8, 28, 29], describing cyto-
megalovirus infection to subsequent risk of tuberculosis disease 
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(Table 1). Seven studies reported a dose-response relationship 
between cytomegalovirus load values or cytomegalovirus anti-
body levels and risk of active tuberculosis [16, 20–23, 27, 28]. 
The studies were carried out from 1990 to 2021 with sample siz-
es ranging from 65 to 30 433 participants. Of these, 6 were un-
dertaken in countries with a high burden of multidrug-resistant 
tuberculosis [8, 16, 20, 24, 27, 29], 6 in high tuberculosis burden 
countries [19, 21–23, 26, 28], 1 in an intermediate tuberculosis 
burden country [18], and 2 in low tuberculosis burden coun-
tries [17, 25]. All studies reported significant association be-
tween cytomegalovirus infection and the development of 
tuberculosis disease, except for 1 study [18].

The risk of bias was rated as low for the follow-up cohort 
studies (Supplementary Figure 1) and case-control studies 
(Supplementary Figure 2). However, the cross-sectional studies 
were deemed to have a low to unclear risk of bias because of the 
absence of adequate information to assess the individual do-
mains with certainty (Supplementary Figure 3). Inspection of 
the funnel plot showed a small degree of asymmetry, suggesting 
the presence of publication bias among studies with lower pre-
cision due to small study effects (Supplementary Figure 4).

Risk of Developing Tuberculosis

Pooled results across the 10 case-control, cross-sectional, and 
cohort studies showed that individuals with a cytomegalovirus 
infection had an increased risk of developing tuberculosis 

disease (OR, 3.20; 95% confidence interval [CI], 2.18–4.70; I2, 
35%; P , .00001) compared to cytomegalovirus-negative coun-
terparts (Figure 2). When a risk ratio was computed for the 
meta-analysis, we found that the correlation between infection 
with cytomegalovirus and tuberculosis disease remained signif-
icant (risk ratio [RR], 2.16; 95% CI, 1.08–4.31; I2, 94%; P , 

.00001; Supplementary Figure 5).
Five studies also adjusted for confounding factors when ex-

amining the association between the risk of cytomegalovirus 
infection and subsequent tuberculosis disease [8, 16, 17, 19, 
29]. Confounders adjusted included sex [8, 16, 19], age [8, 
17], ethnicity [8, 17], and HIV infection [16, 17]. The pooled 
effect measures in studies that adjusted for confounding depict-
ed a highly significant relationship between cytomegalovirus 
infection and tuberculosis disease (adjusted hazard ratio 
[HR], 2.92; 95% CI, 1.34–4.51; adjusted OR, 1.14; 95% CI, 
.71–1.57; Figure 3). Pooling of studies that measured antibody 
titer levels showed that higher antibody levels for cytomegalo-
virus were associated with increased risks of incident tubercu-
losis disease, indicating a positive and significant dose-response 
relationship (OR for high levels of cytomegalovirus antibodies, 
4.07, 99% CI, − .70 to 8.84; OR for medium levels of cytomeg-
alovirus antibodies, 3.58, 99% CI, 2.18–4.97; Figure 4).

The potential impacts of confounding or mediating variables 
on the causal relationship were further assessed by stratifying 
the studies based upon study design, national burden of 

Figure 1. PRISMA 2020 flow diagram for new systematic review, which included searches of databases, registers, and other sources. *Consider, if feasible to do so, 
reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers). **If automation tools 
were used, indicate how many records were excluded by a human and how many were excluded by automation tools.
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tuberculosis, age, risk of bias in studies, diagnosis of cytomegalo-
virus infection, study continent, and finally multiple adjusted 
estimates. Statistically significant subgroup findings on increased 
risk of tuberculosis disease were observed in high 
multidrug-resistant tuberculosis burden settings (OR, 3.22; 

P , .0001), high tuberculosis burden settings (OR, 3.32; P=
.03), low tuberculosis burden setting (OR, 5.16; P , .0001; 
Supplementary Figure 6), infants who were enrolled for follow-up 
at birth or at 4–6 months old (OR, 2.72; P , .00001), general pop-
ulation of all age groups (OR, 5.81; P , .00001; Supplementary 

Figure 2. Risk of tuberculosis disease among individuals with CMV infection. Abbreviations: CI, confidence interval; CMV, cytomegalovirus; M-H: Mantel-Haenszel method.

Study ID ES (95% CI) Weight, %

Hazard ratio

Martinez (2021) [16]

Gupta (2019) [17]

Viana (2019) [19]

Subtotal (I 2 = 0.0%, P = .532)

Odds ratio

Muller (2019) [8]

Fletcher (2016) [29]

Subtotal (I2 = 55.6%, P = .133)

Figure 3. Random-effects meta-analysis of the correlations between cytomegalovirus infection and tuberculosis disease. Abbreviations: CI, confidence interval; ES, effect 
size.
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Figure 7), studies with low risk of bias (OR, 2.80; P , .00001), 
studies with unclear risk of bias (OR, 4.65; P= .001; 
Supplementary Figure 8), detection of cytomegalovirus infection 
by polymerase chain reaction (OR, 2.67; P , .0001), immuno-
globulin G immunoassay (OR, 5.38; P , .00001), and IFN-γ re-
lease assay (OR, 2.33; P= .04; Supplementary Figure 9), Africa 
(OR, 3.30; P , .00001), and European continent (OR, 5.16; 
P , .0001; Supplementary Figure 10). Heterogeneity among stud-
ies was diminished sizably with stratified analysis by age and 
study continent. In particular, the major confounder of the asso-
ciation between cytomegalovirus infection and tuberculosis 
disease was age (χ2= 11.60, df= 3, P= .009; Supplementary 
Figure 7).

DISCUSSION

This study, to the best of our knowledge, is the first systematic 
literature search to synthesize epidemiological evidence regard-
ing the relationship between cytomegalovirus infection and tu-
berculosis disease. It provides a strong, sufficient, and 
consistent evidence base to highlight that cytomegalovirus in-
fection is correlated with an increased risk of tuberculosis dis-
ease. Overall, the identified studies have a low risk of bias and 
are predominantly conducted on the African continent, which 
has been estimated to be harboring one of the highest rates of 
tuberculosis incidence and mortality in the world [30]. 
Whilst limited by inadequate geographical coverage in coun-
tries of substantial economic losses such as south Asia and 
east Asia [31], our study recognizes an apparent burden of tu-
berculosis disease among vulnerable groups, including immu-
nocompromised patients, young children, and geographically 
marginalized communities. Infection with cytomegalovirus is 

common across the globe and results in possible severe sequelae 
[32]. Despite tremendous infection burden and multiple health 
outcomes across the life course following cytomegalovirus infec-
tion [1], vaccines and immune globulins are still investigational 
and have not yet been proven efficacious for clinical use to pro-
tect against the illness and transmission [33]. A number of po-
tential cytomegalovirus vaccines are currently under 
development, including those targeted for the prevention of con-
genital infection and posttransplant infection [34]. In a phase 3, 
randomized, placebo-controlled trial, a novel DNA-based cyto-
megalovirus vaccine was found to be inefficacious in reducing 
overall mortality, end-organ disease, and viraemia by 1 year 
posttransplant [35]. At present, the best recommended preven-
tive strategies are good hygiene, frequent hand washing, and 
avoiding contact with others’ body fluids [2].

Our meta-analysis depicts modest heterogeneity across stud-
ies, which is justified by broadly similar geographical region 
and burden for tuberculosis, in spite of different study designs. 
We deployed an odds ratio to measure the strength of associa-
tion on the basis of integrating the quantitative findings from 
case-control studies and rare occurrence of outcome events 
in several studies (typically ,10%). This relative measure 
may lead to an overestimation of risk. In addition, our sub-
group analysis demonstrated that the pooled odds ratio for 
studies with low risk of bias was substantially lower than that 
for studies with unclear risk of bias. Studies rated as low risk 
of bias imply that the results are generally valid and represent 
the true exposure effect, whereas studies with unclear risk of 
bias have missing information and this may invalidate the re-
sults owing to possible errors in the research design, conduct, 
analysis, or reporting [15]. The 2 studies categorized as unclear 
risk of bias were conducted before the year 1995 [20, 22] and 

Study ID ES (95% CI) Weight, %

Medium

Stockdale (2020) [28]

Olaleye (1990) [20]

Stockdale (2018) [21]

Ledru (1995) [22]

Subtotal (I 2 = 0.0%, P = .739)

Subtotal (I 2 = 0.0%, P = .710)

High

Stockdale (2020) [28]

Olaleye (1990) [20]

Stockdale (2018) [21]

Ledru (1995) [22]

Figure 4. Random-effects meta-analysis of the dose-response relationships between cytomegalovirus infection and tuberculosis disease. Abbreviations: CI, confidence 
interval; ES, effect size.
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the results might not be reflective of the current epidemiologi-
cal profiles of tuberculosis disease, in addition to suboptimal 
health care system, treatment, and public health measures 
over the past period of time [36].

It is notable that many areas with high endemic tuberculosis 
bear huge, persisting public health challenges, for instance, lim-
ited health care workers’ availability and capacity, scarce re-
sources, conventional models of tuberculosis care delivery, 
and poor health literacy and health-seeking behavior in the 
communities [37]. Although most of the included studies uti-
lized a multivariate analysis to adjust for potential confounding 
variables, we cannot rule out the possibility that residual con-
founding, such as socioeconomic status, cultural conditions, 
genetic susceptibility to tuberculosis infection, and M. tubercu-
losis exposure frequency and intensity, could be responsible for 
the risk increment identified. Nonetheless, we consider that 
such unmeasured confounding is fairly unlikely because similar 
patterns of tuberculosis risk have been identified across the di-
verse study populations in all countries studied. Future re-
search may provide clarification and identify the degree of 
causality, particularly using large, prospective, multiyear epide-
miologic studies with appropriate adjustment for known con-
founding factors. Of note, people with a lower socioeconomic 
status have been associated with a higher prevalence of cytomeg-
alovirus infection and tuberculosis [38]. Taken together, this 
suggests that public health interventions aimed at poverty reduc-
tion and social protection could play a vital role in reducing the 
global burden of cytomegalovirus infection and tuberculosis dis-
ease, and help towards achieving the End Tuberculosis Strategy.

Our study possesses several strengths. First, it represents a 
comprehensive review of available epidemiological evidence 
about the significance of cytomegalovirus in the development 
of tuberculosis disease. We have deployed a rigorous meta- 
analysis approach to assess the dose-response relationship, 
strengthening support for our inferences that cytomegalovirus- 
specific immune responses have a role in modifying subsequent 
risk of tuberculosis disease. There are also sufficient data to con-
struct a robust estimate of the rate of tuberculosis disease in those 
with cytomegalovirus infection. However, our findings warrant 
cautious interpretation in view of some possible limitations. We 
did not examine the evidence from laboratory-based pathological 
studies that might provide additional insights into the interpreta-
tion of the observed association as this granular detail lay beyond 
the scope of an epidemiological review. The small sample sizes 
from studies in several countries may introduce potential sources 
of bias in our analysis and interpretation of results.

As noted by the relatively small number of studies identified 
in this review, more high-quality research is warranted to 
bridge the gaps in the body of epidemiological evidence relating 
to long-term clinical implications following cytomegalovirus 
infection, both to prevent tuberculosis and minimize the risk 
of cytomegalovirus reactivation, for improving patient 

outcomes across the life course. When a more valid and consol-
idated evidence base is generated, we recommend the develop-
ment of guidelines for clinical and population health action.

Cytomegalovirus is recognized to cause disruptions to sys-
temic cytokine production and responses by CD8+ and 
γ-delta T cells and macrophages [39], thereby leading to an el-
evated risk of primary tuberculosis infection or progression to 
tuberculosis disease [40]. In light of the sparsity of clinical data, 
much still remains unknown about the mechanisms responsible 
for the increased susceptibility to tuberculosis disease [16]. 
However, an accumulating evidence base indicates an epidemio-
logical and immunological correlation between cytomegalovirus 
infection and progression to tuberculosis disease [11], 
and findings from in vivo experiments show a dose-dependent re-
lationship between cytomegalovirus-associated immunosenes-
cence and subsequently impaired responses to heterologous 
infections [41]. Large, population-based, prospective, cohort stud-
ies are necessary to further decipher the tuberculosis pathogenesis 
and risk of infection among cytomegalovirus-infected individuals.

As the clinical community progresses towards attaining the 
End Tuberculosis Strategy vision with the goal of reducing tu-
berculosis incidence, mortality, and eliminating catastrophic 
costs for tuberculosis-affected households by 2030 [42], our 
findings draw attention to the increased risk of tuberculosis dis-
ease in people with existing cytomegalovirus infection, as deter-
mined by the presence of serum antibodies to cytomegalovirus, 
viral load values, or T-cell responses, is a key parameter to take 
into account in future tuberculosis control programs. Apart 
from preemptive therapy and antiviral prophylaxis with val-
ganciclovir for the prevention of cytomegalovirus disease in 
high-risk patients [43], the strong association between cyto-
megalovirus infection and progression to active tuberculosis 
in our study suggests the importance of prioritizing latent tu-
berculosis screening for individuals with documented cyto-
megalovirus positivity and the need for preventive therapy to 
reduce the risk of active tuberculosis among this at-risk popu-
lation [44]. Approximately 5%–15% of people with latent tu-
berculosis infection will develop active tuberculosis in their 
lifetime [45]. The effectiveness and cost-effectiveness of treat-
ment for latent tuberculosis infection is limited by factors 
such as the large pool of the population, drug availability, 
and an insufficiently robust care cascade. Such treatment is 
therefore likely to be most effective when targeted at individu-
als with a higher risk of developing tuberculosis disease, such as 
people with diabetes, those who are immunocompromised, or 
those who are symptomatic. Introducing the risk factor of 
cytomegalovirus seropositivity into the implementation of risk- 
stratified medicine in tuberculosis control measures would im-
prove the efficiency and effectiveness of tuberculosis health care 
and prevention. Findings gleaned from a recent modeling study 
showed that in settings of high tuberculosis incidence, efforts 
for prevention and prompt detection of recurrent tuberculosis 
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offer novel opportunities for tuberculosis control [46]. In this 
context, if secondary preventive therapy is introduced to 
cytomegalovirus-positive individuals to complement existing 
tuberculosis control efforts, the burden of tuberculosis would 
be dramatically reduced. Current pharmacological regimens 
for the treatment of latent tuberculosis infection comprise iso-
niazid, rifapentine, and rifampicin [47]. Thus far, there is no ev-
idence that the regimens are any less efficacious among 
cytomegalovirus-positive patients.

On top of that, attention can also be focused on interventions 
that have the potential to address cytomegalovirus infection, 
for instance, optimization and interconnection of current pro-
grams to deliver a culturally tailored, multicomponent imple-
mentation strategy for tuberculosis and cytomegalovirus 
control and outcome, parenting practices or sociobehavioral 
nudges to reduce or at least delay cytomegalovirus transmission 
in a lifetime, and drug therapies, as well as novel vaccines to 
prevent cytomegalovirus or tuberculosis disease [11]. 
Hygienic precautions and behavioral modifications remain 
the mainstay of mitigation strategies for preventing primary cy-
tomegalovirus infection or reinfection with a new strain in low- 
and middle-income countries, where issues of safety, access, 
and cost preclude the use of valganciclovir [1]. It is noteworthy 
that infections that are classically considered to be relatively 
low risk but extremely common have profound clinical seque-
lae on human health. These include reduction in humoral im-
munity after measles infection, which increases future infection 
risks by other pathogens [48], Epstein-Barr virus infection, 
which increases the risk of subsequent multiple sclerosis [49], 
and coronavirus disease 2019 (COVID-19) infection causing 
significant end-organ dysfunction [50]. As such, the association 
between cytomegalovirus infection and tuberculosis disease 
should not necessarily be assumed to be benign. The important 
and unforeseen consequences of cytomegalovirus infection fur-
ther underline the need for development of a broadly protective 
vaccine against the infection.

CONCLUSIONS

Current evidence from pooled quantitative analyses depicts a 
significant increase in the risk of active tuberculosis disease as-
sociated with cytomegalovirus infection. The consistent find-
ings with narrative results of this review suggest that priority 
consideration should be given to cytomegalovirus-positive in-
dividuals in community-based screening and treatment for la-
tent tuberculosis to address the global burden of tuberculosis.
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